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ARTICLE INFO ABSTRACT

Keywords: Background: Pin tract infection and loosening are major complications and challenges in the treatment of
Fibroblast growth factor 2 (FGF-2) fractures by external fixation. To address this issue, we developed titanium pins coated with a fibroblast growth
Apatite factor 2 (FGF-2)-apatite composite layer. The purpose of this initial clinical trial is to clarify the safety and
Coating

feasibility of using these pins for the external fixation of distal radius fractures.

Methods: Unstable, displaced fractures of the distal radius that were medically suitable for external fixation were
treated using external fixation pins coated and uncoated with an FGF-2-apatite composite layer. The coated pin
group (n = 5) comprised 5 women (average age, 70.4 = 5.9 years), whereas the uncoated pin group (n = 10)
comprised 8 women and 2 men (average age, 64.4 + 11.7 years). The average duration of external fixation was
40.8 = 1.3 and 41.6 = 2.1 days for the coated and uncoated pin groups, respectively.

Results: All patients achieved fracture union. One patient in the uncoated group had severe pin tract infection on
the day of pin extraction. No pin loosening or difficulty in pin removal was observed in either group. Bacterial
growth was present in 5% and 25% of the pin sites in the coated and uncoated groups, respectively (p = 0.059).
No adverse events such as tumor formation were observed for more than 2 years after surgery in the coated pin
group.

Conclusions: This study clarified the safety and feasibility of using pins coated with an FGF-2-apatite composite
layer for the external fixation of distal radius fractures.

External fixation
Distal radius fractures
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Safety

1. Introduction

Pin tract infection and loosening present a challenge to the treat-
ment of fractures by external fixation. Mild pin tract infections need
improved wound care and treatment with antibiotics, whereas in severe
cases, the affected pins are removed or changed.' When pin loosening is
associated with infections, the external fixator treatment is dis-
continued.

Previous studies on reducing pin tract complications include those
on improving surgical procedures’ or pin tract care,” loading bacter-
icides such as silver and chlorhexidine onto pins,” and coating pins with
hydroxyapatite (HA).* Although HA is a biocompatible and an osteo-
conductive material, a plasma-sprayed thick and porous HA coating is

more susceptible to infection in animal studies than a thin HA coating
or noncoating when they are contaminated with bacteria or implanted
percutaneously.®

Coatings of fibroblast growth factor 2 (FGF-2)-apatite composite
have led to increased bone-screw interface strength and reduced in-
fection rates in screw tracts in animal studies. An FGF-2-apatite com-
posite layer was formed on the surface of titanium implants using the
coprecipitation method.® FGF-2 promotes bone formation at optimal
doses” and accelerates angiogenesis and wound healing.® In rats, an
FGF-2-apatite composite layer with the optimal FGF-2 dose was de-
monstrated to enhance bone formation compared with that with an
apatite layer with no FGF-2.° In the rabbit tibial percutaneous im-
plantation model, the FGF-2-apatite composite layer on the titanium
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screw increased bone-screw interface strength by 1.3 times and de-
creased pin tract infection rates by 0.47 times compared with those
without the composite layer.® The improved infection resistance is at-
tributed to improved wound healing and formation of highly vascu-
larized Sharpey's fiber-like tissue at the interface between the pin and
soft tissue.'® These effects of FGF-2-apatite composite layers may occur
in humans as well.

We conducted an initial clinical trial using the external fixation
treatment with titanium pins coated with the FGF-2-apatite composite
layer compared with uncoated pins to clarify the safety and feasibility
of using these pins for the external fixation of distal radius fractures.

2. Materials and methods
2.1. Ethics approval and consent to participate

This study was conducted in compliance with the Declaration of
Helsinki. The authors conducted the study according to the conditions
approved by the ethics committees of University of Tsukuba Hospital
and Mito Kyodo Hospital (H23-37 and H25-124) and National Institute
of Advanced Industrial Science and Technology (I 2013-031, 031A, I
2014-031, 031ABC). Patients were informed about the study before
participation and provided verbal and written consent to participate in
the study.

2.2. Preparation and characterization of titanium pins coated with an FGF-
2-apatite composite layer

Self-drilling Schanz screws (Seldrill™; DePuy Synthes, Zuchwil,
Switzerland) were aseptically coated with the FGF-2-apatite composite
layer by immersing the pins in a supersaturated calcium phosphate
solution containing FGF-2 (4.0 ug/mL) at 37 °C for 48 h. The coating
procedure was performed under the air cleanliness condition class 5
(ISO 14644-1), using a clean bench in the clean room (class 6) of the
Cell Processing Factory at University of Tsukuba Hospital. The coating
procedure is similar to, but slightly modified from, that of a previous
study.® The supersaturated calcium phosphate solution was prepared by
mixing clinically available infusions, injection fluids, and pharmaceu-
ticals, as follows: Meylon® injection 7% (NaHCO3; Otsuka Pharmaceu-
tical Co., Ltd., Tokyo, Japan), water for injection (FUSO Pharmaceutical
Industries, Ltd., Osaka, Japan), Klinisalz® (H,PO,; KYOWA CritiCare
Co., Ltd., Tokyo, Japan), dibasic potassium phosphate injection 20mEq
kit (Terumo Co., Tokyo, Japan), Ringer's solution, calcium chloride
corrective injection, normal saline (Otsuka Pharmaceutical Co., Ltd.),
and Fiblast” spray (FGF-2; Kaken Pharmaceutical Co., Ltd., Tokyo,
Japan).

Six pins per patient were coated with the FGF-2-apatite composite
layer, with four pins being for implantation, one for a spare, and one for
quality examination. In the quality examination, deposited calcium
(Ca) and phosphorus (P) were measured using an inductively coupled
plasma atomic emission spectrometer (SPS7800; Seiko Instruments,
Inc., Tokyo, Japan) after dissolving the FGF-2-apatite composite layer
with a citric acid solution. The amount of FGF-2 in the solution was
determined by the Bradford method using a protein quantitation kit
(Bio-Rad Laboratories Inc., Hercules, CA, USA). The mitogenic activity
due to the FGF-2 in the solution was examined by fibroblastic NIH3T3
cell proliferation and compared with that of a solution prepared by
dissolving apatite layers without FGF-2. The FGF-2 mitogenic activity
was expressed as the relative cell growth rate for the former solution
compared with the latter. After coating, the supersaturated calcium
phosphate solutions used were subjected to bacteriological examina-
tion, endotoxin tests (turbidimetric endotoxin detection system; Wako,
Inc. Tokyo, Japan), and [-p-glucan tests.
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2.3. Clinical study

The study was a prospective open-label controlled feasibility study.
We enrolled 15 patients (aged =20 to <85 years) with unstable and
displaced fractures of the distal radius that were medically suitable to
using external fixation (FGF-2-apatite-coated pin group, n = 5; un-
coated pin group, n = 10). Patients who had a skin disease, who had a
severe systemic disease (heart, lung, liver, or kidney disease etc.), who
had a malignant tumor within 5 years before the fracture, who were
pregnant or were suspected to be pregnant, who lacked voluntary ca-
pacity to give verbal and written consent, or who were determined by
the doctor as inappropriate for the surgery were excluded. The fractures
were treated with external fixation using half-pins coated or uncoated
with an FGF-2-apatite composite layer following fragment fixation with
Kirschner wire pinning or a volar locking plate.

2.4. Treatment

All surgical procedures were performed by one surgeon at the
University of Tsukuba Hospital between February 2013 and January
2015 for the procedures using coated pins and by two surgeons at the
University of Tsukuba Hospital or Mito Kyodo Hospital between
January 2015 and August 2017 for those using uncoated pins. All op-
erations were done with external fixation using the External Distal
Radius Fixator (bridging type and unilateral type fixator; DePuy
Synthes) following the original operation manual for standardizing pin
insertion techniques. Two pins were inserted into the radial shaft, and
two other pins were inserted into the second metacarpal (Fig. 1).

All the patients were intravenously administered with 1g

Fig. 1. External fixation using pins coated with a FGF-2—apatite composite
layer. Pins inserted at the distal and proximal sites of the second metacarpal and
at the distal and proximal sites of the radial diaphysis were designated as pins 1,
2, 3, and 4, respectively.
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prophylactic cephalosporin immediately preoperatively and 1g every
8h for 24h postoperatively. The external fixators and pins were re-
moved 6 weeks after surgery unless any adverse events (major infec-
tion, need for reoperation, or complication related to the coated pins)
occurred.

2.5. Patient follow-up

The patients in both groups were medically assessed each week for 6
weeks, and the patients in the coated group were also assessed 2 years
after pin insertion. The pin tracts were examined, cleaned with saline
solution, and dressed with new gauze once a week by the surgeons who
had performed the fracture surgery until pin removal at 6 weeks. The
patients did not perform any daily pin tract care at home.

2.6. Evaluation measures

The intraoperative evaluation measure was insertion peak torque.
The insertion peak torque was measured when the pins were inserted to
the desired depth in the bone, using a digital torque wrench (type
HTG2-5G; Imada, Toyohashi, Aichi, Japan).

Postoperative evaluation measures examined on and before pin
extraction included pin tract rarefaction, pin tract fracture, neurovas-
cular and tendon injury, necessity of additional operation, pin tract
infection, pain levels, and extraction peak torques. Most of the mea-
sures were assessed at weekly visits. Pin tract rarefaction was assessed
according to the Aro classification system using standard radiographs in
the anteroposterior, lateral, and oblique projections taken immediately
after surgery and at weekly visits.'! Group 1 was considered stable (no
rarefaction); group 2 was unstable (rarefaction only at the entry
cortex); group 3 showed loosening (rarefaction at both cortices).'! The
rarefaction, which was examined independently by three physicians in
charge of evaluation who were blinded to the identity of the patients
and pin site, was defined as a radiolucent line with a width of more than
1 mm around a pin at the entry or exit cortex, or both. The Aro clas-
sification was determined based on the agreement of the judgments of
two of the three physicians.

Pin tract fracture was assessed by the radiographs immediately after
pin insertion. Neurovascular and tendon injury was assessed by phy-
sical examination. The necessity for additional operation was assessed
by the surgeons. Pin tract infection was assessed at weekly visits ac-
cording to the Checketts-Otterburn classification system (grades 1-6),"”
with the addition of grade O to represent “no pin tract infection,”
characterized by neither discharge nor redness around the pins. The
distinction between grade 0 and grade 1 was made based on the 1-week
cumulative discharge from the pin tracts, recorded as stains on the
gauze on the pin tracts. Each pin site and gauze were photographed for
assessment by three independent physicians in charge of evaluation
who were blinded to the identity of the patients, pin site, and visit time
point. The classification grade was based on the agreement of judg-
ments of two of the physicians.

On pin extraction, extraction peak torque measurements and bac-
teriological examinations were performed as well as assessment of
fracture and difficulty in extraction. An extraction torque value at or
less than the specific value was regarded as “failure” of the treatment.
Bacteriologic data were obtained with Gram stain and aerobic and
anaerobic culture of swab samples taken from each pin tract.

Postoperative evaluation 2 years after surgery for the coated pin
group was performed by standard radiographs, magnetic resonance
imaging (MRI), and blood analysis to examine tissue abnormalities and
general health at the previous pin tracts. MRI evaluation was performed
in a blinded manner by a radiologist with no knowledge on this study.

2.7. Statistical analysis

The insertion and extraction torques, Ca per P (Ca/P) molar ratios,
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Table 1
Characteristics of the titanium pins coated with an FGF-2-apatite composite
layer.

Size
Coated length

®4.0/3.0 mm, Length 80/20 mm
57.2 = 0.8 mm from tip

Ca (ug/pin) 170.9 + 47.7

P (ug/pin) 76.8 = 20.7

Apatite equivalent (ug/pin) 428 + 119

Ca/P molar ratio 1.71 * 0.05

FGF-2 (ug/pin) 0.78 = 0.29 (Bradford method)

FGF-2 activity 1.31 + 0.21 (p = 0.015 relative to 1.0)
Bacteria test Negative

relative growth rates of NIH3T3 cells were statistically analyzed using
the Student's t-test. Pin tract infection grade and bacterial examination
results were statistically analyzed using the chi-square test. Patients'
characteristics were statistically analyzed using the Mann-Whitney U
test. A p value < 0.05 was considered statistically significant.

3. Results
3.1. Titanium pins coated with FGF-2—apatite composite layers

The characteristics of titanium pins coated with an FGF-2-apatite
composite layer are summarized in Table 1. The Ca/P molar ratio
corresponds to that of stoichiometric HA (1.67), without a significant
difference (p = 0.074). The layers retained their FGF-2 mitogenic ac-
tivity. All the supersaturated calcium phosphate solutions remained
aseptic during the coating process, as revealed by the bacteriologic and
endotoxin tests of the solution.

3.2. Patients’ characteristics

The patients’ characteristics are shown in Table 2. There were no
significant differences in age, bone mineral density, and young adult
mean between the two groups.

None of the patients had diabetes or used immunosuppressive
drugs. In the uncoated pin group, one patient, who was injured in a
high-energy trauma, sustained an open fracture (patient C6, Gustilo
classification type 1)."*

3.3. Outcome and safety

All patients achieved fracture union. The duration of external fixa-
tion was 40.8 + 1.3 (range, 39-42) days for the coated pin group and
41.6 + 2.1 (range, 39-45) days for the uncoated group. None of the
patients exhibited pin tract fracture, neurovascular or tendon injury,
need for an additional operation, or other complications. The MRIs for
the coated pin group showed no abnormal findings in four of five pa-
tients; one did not undergo MRI due to personal reasons.

The bacteriological examination of pin sites on pin extraction
showed one positive culture in the coated group (pin 4 of F5) and 10
positive cultures in the uncoated group (pins 3 and 4 of C4, pins 1-4 of
C5, pins 2-4 of C6, and pin 3 of C9). The difference in the rate of po-
sitive cultures (1/20, 5%, vs. 10/40, 25%) was nearly significant
(p = 0.059) between the two groups. The cultured bacteria were
Staphylococcus epidermidis (F5, C5, and C6), Staphylococcus aureus (C4),
and Gram-negative bacilli (C9).

The pin tract infection grades at 6 weeks after surgery are shown in
Fig. 2. In the coated pin group, 16 (80%) of all pin tracts were grade 0.
No major pin tract infections (grade 3 or higher) were observed during
the entire treatment duration. Two pin tracts (pin 4 of F1 and pin 4 of
F3) were grade 2 at 5 weeks after surgery and were treated with oral
antibiotics (cefaclor, 750 mg/day) for 1 week. In the uncoated pin
group, 30 (75%) of all pin tracts were grade 0. One case developed a
severe infection. Case C4 was infected at 4 weeks after surgery and



Y. Yanagisawa et al.

Journal of Orthopaedics 16 (2019) 69-73

Table 2
Patients' characteristics.
Patient Age Sex AO Combined Fract. BMD YAM
(yrs) classif. surgery side (g/cm?) (%)
F1 62 f A3 Pinning left 0.61 77
F2 67 f Cc2 Pinning left 0.71 90
F3 77 f A3 Pinning right 0.60 76
F4 72 f A3 Pinning right 0.50 64
F5 74 f Cc2 Pinning left 0.54 69
Ave. 70.4 = 5.9 0.59 = 0.1 75 £ 10
Cl 58 f Cc2 Pinning left 0.56 70
Cc2 67 f A3 Pinning left 0.58 73
C3 52 m C2 VLP left 1.01 108
C4 74 f Cc2 VLP right 0.56 86
C5 64 f Cc2 VLP left 0.77 82
C6 43 m C3 VLP right 0.94 102
c7 67 f C3 Pinning left 0.58 73
c8 75 f C3 VLP right 0.92 99
Cc9 61 f Cc2 Pinning left 0.60 76
C10 83 f A3 Pinning right 0.57 61
Ave. 64.4 = 11.7 0.71 = 0.2 83 *+ 16
BMD, bone mineral density; YAM, young adult mean; VLP, volar locking plate.
(%) Coated pi Table 3
100 oated pin group Insertion peak torque, extraction peak torque and fixation index defined as
20 I:I Bacterial ne gativ e Extraction Peak Torque/Insertion Peak Torque.
B Bacterial positive Group Position Peak Torque Fixation Index
60 , _
Insertion Extraction
40 + (Nmm) (Nmm)
20 + Coated 1 363 + 124 281 + 110 0.79 = 0.28
Uncoated 1 402 = 88 319 + 188 0.96 = 0.19
0 Coated 2 122 + 41 88 + 39 0.86 = 0.57
Uncoated 2 84 + 53 111 = 78 1.33 = 1.27
0 1 2 3 4 Coated 3 326 = 91 281 + 81 0.90 = 0.27
(%) . Uncoated 3 488 + 254 443 + 263 0.99 + 0.40
100 Uncoated pin group Coated 4 358 + 149 367 * 102 1.24 + 0.66
D Bacterial negative Uncoated 4 577 + 528 479 + 333 0.96 = 0.32
80 | - neeas
M Bacterial positive Fixation index: extraction peak torque/insertion peak torque.
60 r
40 L of follow-up after pin removal. The study clarified the overall safety of
using these pins for external fixation of distal radius fractures. Bone
20 healing was accomplished in all five cases. There were no major com-
0 ! — plications, such as pin tract fracture, neurovascular or tendon injury, or
0 1 2 3 4 other complications, leading to readmission for intravenous medication

Fig. 2. Pin tract infection grades in the modified Checketts-Otterburn classifi-
cation system at 6 weeks after surgery.

developed a grade 4 infection at 6 weeks despite administration of oral
antibiotics for 2 weeks. Overall, there was no significant difference in
pin tract infection grade between the two groups.

Radiographically, all the pin tracts in both groups were Aro group 1,
which meant absence of rarefactions.

No difficulties or fractures were encountered while inserting or re-
moving the coated pins. The insertion and extraction peak torques ex-
hibited ordinary values that ranged between 122 and 363 N mm and
between 88 and 367 N mm, respectively (Table 3). There were no sig-
nificant differences between the coated and uncoated pin groups as a
whole and at each individual pin position for both insertion and ex-
traction peak torques.

4. Discussion

The present study was the first clinical trial of external fixation ti-
tanium pins coated with an FGF-2-apatite composite layer, with 2 years
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or further surgery. Additionally, there were no severe pin tract infec-
tions or clinical pin loosening, and no abnormal findings, such as hy-
perplasia or tumor, were observed at the pin tracts at the 2-year follow-
up. The safety of the FGF-2—-apatite composite layers results from their
low FGF-2 dose. Previously, a dose of 800 pg of FGF-2 released from
hydrogel was found to be safe in high tibial osteotomies in humans."*
This dose is more than 100 times higher than that of the FGF-2-apatite
composite layers.

The titanium pins coated with an FGF-2-apatite composite layer
showed a tendency of improved resistance to pin tract infection over
uncoated titanium pins, as was demonstrated by the lower but not
statistically significant (p = 0.0591) rate of positive bacterial culture on
pin extraction. The Checketts-Otterburn classification was comparable
between the coated and uncoated pin groups, although FGF-2 increases
the volume of wound exudate and granulation tissues in wound
healing.® FGF-2 promotes angiogenesis and wound healing.® Thus, FGF-
2 can contribute to the inhibition of pin tract infection. Previous animal
studies demonstrated higher resistance to pin tract infection of pins
coated with an FGF-2-apatite composite layer over uncoated pins,
which was associated with highly vascularized tissue at the interface
between the pin and soft tissue.®'°
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No patient had pin loosening radiographically or clinically in either
group. All the pins were able to be removed without complications due
to their moderate levels of extraction peak torques. An excessive level of
extraction peak torque leads to difficulty in pin removal, which is
sometimes associated with pins coated with plasma-sprayed HA.'® The
thin and less porous nature of the FGF-2-apatite composite layers
compared with the plasma-sprayed HA layers contributes to the mod-
erate level of extraction peak torques. The adhesion strength of layers to
pins could also be different between these two classes of layers.

The limitation of the present study is the small number of enrolled
patients. Further studies are required, including randomized compara-
tive and/or dose escalation studies.

We hypothesize that the titanium pins coated with FGF-2-apatite
composite layers can be used clinically in the external fixation treat-
ment for distal radius fractures. In conclusion, the present study de-
monstrated the safety of using titanium pins coated with an FGF-
2-apatite composite layer for external fixation of distal radius fractures,
without obvious adverse events due to the composite layer and no
abnormal findings at the pin tracts even 2 years after surgery. Neither
pin loosening nor severe pin tract infections were observed.
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