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Abstract. The authors have recently reported that forged
composites of raw particulate unsintered hydroxyapa‑
tite/poly‑L‑lactide (F‑u‑HA/PLLA) screws are useful for the
treatment of medial malleolar fracture. However, the biome‑
chanical properties of these screws have not yet been fully
elucidated. The aim of the present study was to compare the
biomechanical properties of F‑u‑HA/PLLA screws with those
of tension band wiring (TBW) using medial malleolar fracture
models obliquely oriented at 45˚ angles in synthetic tibial
bones. Fractures were fixed using two 4.5‑mm‑diameter partial
thread F‑u‑HA/PLLA screws, two 4.5‑mm‑diameter full
thread F‑u‑HA/PLLA screws, or TBW. The fracture models
were tested parallel to the distal joint surface and parallel to
the fracture line. The compression load at 1, 2, 3, 4 and 5 mm
of fracture displacement was assessed. The compression load
parallel to the distal joint surface at 3, 4 and 5 mm of fracture
displacement was significantly higher in the partial thread
screw group than in the TBW group (P<0.01). Additionally, the
compression load parallel to the distal joint surface at 4 and
5 mm was significantly higher in the full thread screw group
than in the TBW group (P<0.001). However, the TBW group
exhibited a higher compression load at 1 mm compared to the
full thread group (P<0.05). As regards the compression load
parallel to the fracture line, the compression load at 3, 4 and
5 mm of fracture displacement was markedly higher in the
partial thread screw group than in the TBW group (P<0.01);
likewise, the compression load at 4 and 5 mm of displacement
was significantly higher in the full thread screw group than in
the TBW group (P<0.001). On the whole, these results strongly
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suggest that F‑u‑HA/PLLA screw fixation, particularly partial
thread screw fixation, has good biomechanical strength
and provides adequate stability for the treatment of medial
malleolar fractures.
Introduction
Medial malleolar fractures are very common and are associated
with ankle injury (1). Since the medial malleolus plays a pivotal
role in the stability and function of the ankle joint, anatomical
reduction by surgery is generally recommended for displaced
medial malleolar fractures (2). Reportedly, open reduction and
internal fixation restores articular congruency and prevents
post‑traumatic arthritis (2). A variety of techniques for medial
malleolar fracture repair employ metallic implants, including
metallic screws and tension band wiring (TBW) by Kirshner
wires (K‑wires) and stainless‑steel wire (3‑5). Although a
number of studies have described good clinical outcomes
following surgical treatment, post‑operative complications,
such as residual pain, skin irritation and the backing out of
implants caused by metallic implants are problematic (3‑5).
Moreover, in some cases, the patient requires the removal of the
metallic implant due to these post‑operative complications (6).
The implant bioactivity, bioabsorbability and high
mechanical strength of forged composites of raw particulate
unsintered hydroxyapatite/poly‑L‑lactide (F‑u‑HA/PLLA) are
similar to those of human cortical bone (7). The authors have
previously demonstrated the utility of F‑u‑HA/PLLA screws
and pins for the treatment of tibial plateau fractures and distal
humeral fractures (8,9). Furthermore, F‑u‑HA/PLLA screws
have been proven effective for the treatment of medial malle‑
olar fractures, demonstrating good clinical results without
any post‑operative complications, such as deep infections,
late aseptic tissue response, or foreign body reactions (10).
Additionally, none of the patients required the removal of
these screws (10). However, to the best of our knowledge,
there are no reports available to date of mechanical compari‑
sons between F‑u‑HA/PLLA screws and TBW in medial
malleolar fractures. Thus, the aim of the present study was
to compare the biomechanical properties of partial or full
thread F‑u‑HA/PLLA screws with TBW in a medial malleolar
fracture model using Synbone® AG.
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Figure 1. (A) The tension band wiring group was fixed using two 1.6‑mm‑diameter K‑wires and a 0.9‑mm‑diameter metallic soft wire. (B) The partial thread
screw group was fixated with two partial thread 4.5x45 mm unsintered hydroxyapatite particles/poly‑L‑lactide (F‑u‑HA/PLLA) screws. (C) The full thread
screw group was fixated with two full thread 4.5x70 mm F‑u‑HA/PLLA screws.

Figure 2. Image showing the tension loading mechanism. (A) Compression load parallel to the distal joint surface (B) Compression load parallel to the fracture
line.

Materials and methods
Fracture models and grouping. A total of 42 fourth generation
composite synthetic left tibial bones (Synbone® AG) were used
in the present study. The tibial bone was cut 17 cm from the
distal articular surface. Medial malleolar fractures obliquely
oriented at 45˚ angles to the longitudinal axis of the tibial bone
were created using a saw.
The 42 fracture models were divided into three groups as
follows: a TBW group, a partial thread screw group and a full
thread screw group (n=14 per group). The TBW group (n=14)
underwent traditional TBW using two 1.6‑mm‑diameter
K‑wires and a 0.9‑mm‑diameter stainless‑steel wire
(Mizuho Co., Ltd.) (Fig. 1A). The stainless‑steel wire was
passed through the tibia on the proximal side of the fracture
line, and then tightened in a figure‑eight pattern. The tension
of the stainless‑steel wire was kept constant at 30 N by a
scale device. The partial thread screw group (n=14) was fixed
with two partial thread 4.5x45 mm F‑u‑HA/PLLA screws

(Osteotrans Puls®, Teijin Medical Technologies Co., Ltd.),
which were fixed mono‑cortically (Fig. 1B). On the other
hand, the full thread screw group (n=14) was fixed with
two full thread 4.5x70 mm F‑u‑HA/PLLA screws that were
fixed bi‑cortically (Fig. 1C). The universal testing machine
(AG‑20kNXD, Shimadzu Corporation) tested the tibial bone
models under two compression loading conditions. The load
was applied parallel to the distal tibial joint surface and parallel
to the fracture line at 10 mm/min, respectively (Fig. 2). The
direction of the load was simulated as the force received from
the talus during walking and the force pushed up by the talus
during a fracture. Compression loads at 1, 2, 3, 4 and 5 mm of
fracture displacement were analyzed.
Statistical analysis. Statistical analyses were performed
with SPSS version 23 statistical software (IBM Co.). Data
were analyzed using one‑way analysis of variance (ANOVA)
with Tukey's honestly significant difference (HSD) post hoc
test for multiple comparisons. A P‑value <0.05 was
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Figure 3. Compression load parallel to the distal joint surface was calculated under the fracture displacement. Each value represents the mean ± standard error
of the mean (SEM) of seven determinations from independent model preparations. *P<0.01, **P<0.001 and ***P<0.001 compared to the value of the TBW group.
TBW, tension band wiring.

Figure 4. Compression load parallel to the fracture line was calculated under the fracture displacement. Each value represents the mean ± standard error of
the mean (SEM) of seven determinations from independent model preparations. **P<0.01 and ***P<0.001 compared to the value of the TBW group. TBW, ten‑
sion band wiring.

considered to indicate a statistically significant difference.
All data are presented as the mean ± standard error of the
mean (SEM) of seven determinations from independent
model preparations.
Results
The compression load parallel to the distal joint surface
at 3, 4 and 5 mm of fracture displacement in the partial
thread screw group was significantly higher than that in the
TBW group (3 mm: TBW, 84±8 N; partial thread, 154±50 N;
4 mm: TBW, 93±9 N; partial thread, 196±32 N; 5 mm:
TBW, 99±10 N; partial thread, 221±26 N; P<0.01). Similar to
the partial thread screw, the compression load parallel to the
distal joint surface at 4 and 5 mm of fracture displacement
in the full thread screw group was significantly higher than
that in the TBW group (full thread: 4 mm, 180±19 N; 5 mm,
246±19 N; P<0.001). However, the compression load parallel
to the distal joint surface at 1 mm of fracture displacement in
the full thread screw group was significantly lower than that
in the TBW group (1 mm: TBW, 47±6 N; full thread, 25±5 N;
P<0.05) (Fig. 3).

As regards the compression load parallel to the fracture
line, the partial thread screw group exhibited a significantly
higher compression load than the TBW group between 3 and
5 mm (3 mm: TBW, 187±18 N; partial thread, 245±28 N;
4 mm: TBW, 225±18 N; partial thread, 310±30 N; 5 mm:
TBW, 262±20 N; partial thread, 378±25 N; P<0.01). The
compression load parallel to the fracture line at 4 and 5 mm
of fracture displacement in the full thread screw group was
significantly higher than that in the TBW group (full thread:
4 mm, 295±32 N; 5 mm, 378±34 N; P<0.001). There were no
significant differences in the compression load parallel to the
fracture line at 1 and 2 mm of fracture displacement between
the TBW group and the partial or full thread screw groups
(Fig. 4). No breakage of the F‑u‑HA/PLLA screws or TBW
was observed when the gap between fractures reached 5 mm.
Discussion
The present study demonstrated that partial thread
F‑u‑HA/PLLA screws are stronger than TBW in terms of
the fixation of medial malleolar fractures. On the other hand,
full thread F‑u‑HA/PLLA screws also exhibited stronger
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Table I. Material properties of the u‑HA/PLLA composite.
Property
Viscosity average molecular weight
Bending strength
Bending modulus
Tensile strength
Tensile modulus
Compressive strength
Shear strength
Torsional strength (Ø3.2 mm)

Value

Unit

210
269.2 (±2.5)
7.6 (±0.1)
121.5 (±6.2)
2.3 (±0.2)
106.7 (±3.7)
126.4 (±3.3)
64.7 (±1.0)

kDa
MPa
GPa
MPa
GPa
MPa
MPa
N·cm

compression loads with a displacement of >4 mm under both
conditions, parallel to the distal joint surface and parallel
to the fracture line, compared to TBW. However, when the
displacement was 1 mm parallel to the distal joint surface,
the compression load tolerance of full thread F‑u‑HA/PLLA
screws was lower than that of TBW. TBW is usually firmly
fixed by crimping even when the displacement of the fractured
part is small. On the other hand, following a displacement of
2 mm, since the tension of the stainless steel wire did not func‑
tion and the K‑wire itself was easily pulled out, it was probable
that the value of the compression load remained low. As for
the full thread screws, as the full thread screw is bi‑cortically
fixed and not backed out, it is likely that the tensile strength of
the screw greatly affected the load value.
It has been reported that full thread metal screws have a
higher strength than that of partial thread metal screws for the
fixation of medial malleolar fractures (3,11). Fowler et al (11)
reported that bi‑cortical screw fixation by full thread screws
is superior to uni‑cortical screw fixation by partial thread
screws in terms of transverse (vs. axial) compression loads at
2 mm of displacement using tibial sawbone fracture models.
Downey et al (12) also reported that full thread screws
exhibited a higher initial construct stiffness and catastrophic
failure strength compared to partial thread screws following
shear axial loading using sawbone blocks. Thus, when using
the metal implant, it is likely that bi‑cortical screw fixation
by full thread screws has an advantage over partial thread
screws. However, the present study demonstrated that the
compression load of the partial thread F‑u‑HA/PLLA screw
group was stronger in displacements both parallel to the distal
joint surface and parallel to the fracture line than that of
the full thread F‑u‑HA/PLLA screw group. Based on these
findings, the mechanical properties of F‑u‑HA/PLLA screws
and metallic screws differ in medial malleolar fractures.
Thus, further studies on screw suitability in the treatment of
medial malleolar fractures are required. The screws used in
the present study are made from composites of uncalcined and
unsintered HA particles and PLLA. The material properties of
u‑HA/PLLA composite are summarized in Table I.
TBW fixation is one of the most common treat‑
ments recommended by the Arbeitsgemeinschaft für
Osteosynthesefragen (AO) group for medial malleolar frac‑
tures (13). It has been shown that fixation by TBW is stronger
than fixation by uni‑cortical partial thread metallic screws using

a cadaver model (5). However, due to post‑operative complica‑
tions caused by metallic wire and pins, implant removal is
often required (6). Recently, the AO group recommended fixa‑
tion using two parallel partial threads cancellous screws for
the treatment of medial malleolar fractures (14). Previously,
the authors demonstrated that F‑u‑HA/PLLA partial thread
screws were effective for the treatment of medial malleolar
fractures without any post‑operative complications (10).
Additionally, the results of the present study demonstrated that
F‑u‑HA/PLLA partial thread screws were stronger than TBW.
Taking these findings into account, F‑u‑HA/PLLA partial
thread screws may be an alternative option for the treatment of
medial malleolar fractures.
F‑u‑HA/PLLA implants have several advantages,
including bioactivity, bioresorbability and a high mechanical
strength (7). These implants also have good biocompatibility
and osteoconductivity, which stimulate direct bone‑bonding
and new bone formation (15,16). Thus, F‑u‑HA/PLLA
implants are currently utilized in several clinical fields, such
as orthopedic, maxillofacial and trauma surgeries (17‑19).
Compared to other bioresorbable PLLA implants, the
F‑u‑HA/PLLA implant has higher initial mechanical
strength than human cortical bone, which has a strength of
200 MPa (7). Shikinami and Okuno (7) reported that the
F‑u‑HA/PLLA material had an initial bending strength of
270 MPa, which is much higher than that of natural cortical
bone. In a previous study by the authors, the breakage of
F‑u‑HA/PLLA screws was not observed following the treat‑
ment of medial malleolar fractures (10). Although there is no
doubt that F‑u‑HA/PLLA screws are generally not applicable
in the treatment of load‑bearing joints, F‑u‑HA/PLLA screws
seem to be strong enough for use in this area.
There are several limitations to the present study. First,
Synbone® AG was used in the present study. Synbone® AG
is a synthetic sawbone and is known to have biomechanical
properties similar to those of human bone (20). However,
Synbone® AG mimics normal healthy bone structure; thus, the
present results may not be applicable to patients with osteopo‑
rosis. Second, the mechanical test was performed under only
two load conditions. In a clinical setting, the fracture site is
subject to a variety of forces from various directions through
the surrounding tissues. Thus, further research with other load
conditions will be required to elucidate the detailed mechan‑
ical properties of the F‑u‑HA/PLLA screws. Finally, medial
malleolus fracture with fracture line located at 45˚ to the joint
space is not the most common in clinical practice. Generally,
medial malleolus fractures can be distinguished from fracture
types, such as parallel or perpendicular location to the joint
line. Forces acting on different types of malleolar fractures
may have different influence on the screws. Therefore, it seems
likely that the results presented herein may not be directly
applicable to clinical practice. Further investigations are
required to clarify the effects of different fracture patterns on
the screws.
In conclusion, the present study demonstrates that
F‑u‑HA/PLLA screw fixation has a good biomechanical
strength and provides adequate stability for the treatment
of medial malleolar fractures. The F‑u‑HA/PLLA screw
may prove to be a useful option for the treatment of medial
malleolar fractures.
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