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Introduction. To compare the biomechanical stability of the femur following the removal of proximal femoral nail antirotation
(PFNA-II) and dynamic hip screw (DHS).Material andMethods. 56 paired cadaveric femurs were used as experimental and control
groups. In the experimental group, PFNA-II and DHS were randomly inserted into femurs on both sides and then removed.
Thereafter, compression load was applied until fracture occurred; biomechanical stability of the femurs and associated fracture
patterns were studied. Results. The ultimate load and stiffness of the control group were 6227.8 ± 1694.1N and 990.5 ± 99.8N/mm,
respectively. These were significantly higher than experimental group (𝑝 = 0.014, <0.001) following the removal of PFNA-II
(4085.6 ± 1628.03N and 656.3 ± 155.3N/mm) and DHS (4001.9 ± 1588.3N and 656.3 ± 155.3N/mm). No statistical differences
in these values were found between the 2 device groups (𝑝 = 0.84, 0.71), regardless of age groups. However, fracture patterns were
different between two devices, intertrochanteric and subtrochanteric fractures. Conclusions. Mechanical stability of the proximal
femurs does not differ after the removal of 2 different of fixation devices regardless of the age. However, it was significantly lower
compared to an intact femur. Different fracture patterns have been shown following the removal of different fixation devices as
there are variations in the site of stress risers for individual implants.

1. Introduction

Fracture around the trochanteric region of the hip is one
of the most common problems among the elderly and is
a common cause of morbidity and mortality in this group
[1, 2]. The aim of treatment of these fractures is to restore
the patient’s ability to move and walk as soon as possible [3].
Surgery is the treatment of choice and a number of implants
have been developed to treat these difficult fractures via
fixation [3–5]. Among them, the dynamic hip screw (DHS),
an extramedullary device, has been considered for number of
years as the best device for treating intertrochanteric fractures
[6, 7], while the intramedullary device, consisting of the
Gamma nail with variousmodifications, was commonly used

for unstable intertrochanteric fractures [8, 9]. The Arbeits-
gemeinschaft für Osteosynthesefragen (AO) Groupmodified
the Gamma nail and developed the proximal femoral nail
antirotation (PFNA-II) device in 2004, and it has been widely
used since that time for almost all types of trochanteric
fractures [3].

Generally, the implant used for fracture treatment
(extramedullary or intramedullary devices) is not removed
after proximal femoral fractures because such patients are
older than patients with other types of fractures, and implant
removal-related complications are more common [10, 11].
Although implant removal in proximal femur fractures is
debated and there are many reports on the disadvantages
of the inserted implant in view of biomechanics, certain
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situations such as discomfort during activities of daily liv-
ing, painful hardware, metal allergy, carcinogenicity, and
metal detection demand implant removal following the
union of fractures [12–14]. Surgeons should get prepared
for the implant removal and anticipate implant specific
complications, because bone defects caused by intra- and
extramedullary fixation devices vary in locations, sizes, and
numbers. PFNA-II as intramedullary nail can havemain bone
defect in greater trochanteric area for nail with one minor
bone defect for locking screw on femur shaft. However, DHS
as extramedullary device can have one main and two minor
bone defects on subtrochanteric area for the lag and cortical
screws, consecutively. Furthermore, with the increased life
expectancy in the recent decades, more people preferred to
get these implants removed because of the thigh pain, the
stress-shielding effects of these devices, and psychological
discomfort at the concept of an implant [15]. One study
recommends the removal of implants that are expected to
remain in place for>5 years or in patients aged<60 years who
are expected to live for many more years [15]. However, few
studies have investigated how removing an intramedullary or
extramedullary device affects the biomechanical stability of
the proximal femur.

This cadaveric study aimed (1) to compare the biome-
chanical stability of the proximal femur following PFNA-II
and DHS removal by applying an axial compressive load to
the femur in view of the ultimate load and stiffness, (2) to
compare these biomechanical factors between those aged>65
and <65 years, and (3) to evaluate the fractures following
implant removal.

2. Materials and Methods

2.1. Cadaveric Specimens. Twenty paired adult human cadav-
eric femurs from 10 men and 10 women were obtained from
the Department of Anatomy for the study. The specimens
were examined for hematologic, metabolic, metastatic, and
other medical diseases and local pathologies, for exam-
ple, previous fractures and tumorous conditions. This was
accomplished based on a detailed medical history from
the donor’s medical records and anteroposterior radio-
graphic views of the femurs. Five donors were excluded: 1
femoral neck fracture treated with bipolar hemiarthroplasty,
1 intertrochanteric fracture treated with DHS, 1 local bone
tumor, and 2 cases of proximal femoral deformity due to
an old malunited intertrochanteric fracture and coxa vara,
respectively. Thus, the experimental group in the present
study comprised 15 paired femurs (𝑛 = 30) from human
cadavers (10men and 5women).Themean donor age, weight,
and height were 69.7 ± 12.7 years, 61.3 ± 10.4 kg, and 169.9 ±
8.15 cm, respectively.

In the control group, intact femurs or femurs in com-
pletely healed state after implant removal were included, we
used 6 paired adult human cadaveric femurs (𝑛 = 12). The
mean donor age, weight, and height were 61.2 ± 9.9 years,
66.5 ± 9.1 kg, and 171.8 ± 6.6 cm, respectively. The same
preexperimental examination procedures described for the
experimental group were performed on all donated femurs
in the control group.

2.2. Morphological Examination. All soft tissues and sur-
rounding muscles were stripped off, and only the bony
portion was used for the analysis. The diameters of the
femoral head, neck, and shaft and neck-shaft angle were
measured with digital calipers and a goniometer. Prior
to mechanical testing, anteroposterior radiographs of each
femur were obtained to ensure the absence of any deformities
or pathological conditions. All images were examined closely
using a Picture Archiving and Communications System (LG
Infinity, Seoul, Korea) after digitalization.

2.3. Bone Mineral Density Measurement. A 15 × 17 × 30 cm
acrylic container was used to measure bone mineral density
(BMD). The container acts as a phantom box and simulates
in vivo conditions around the femoral bone during BMD
measurement [16, 17]. The femur was placed in the container
and fixed at about 15∘ internal rotation and submerged in
water to a height and width of 15 cm to simulate soft tissues
on radiography. BMD was measured using dual energy
X-ray absorptiometry with a Lunar Prodigy scanner (GE
Healthcare,Milwaukee,WI, USA). An experienced radiology
technician performed thesemeasurements, and the data were
evaluated with Lunar Prodigy enCORE 2005 software (GE
Healthcare). Areal BMD and bone mineral content were
measured in the following 3 femoral regions: the neck, greater
trochanter, and the whole proximal femur, as recommended
by the International Society for Clinical Densitometry [2].

2.4. Bone Preparation. Each pair of paired femurs was
randomly assigned to the PFNA-II or DHS group. One
surgeon performed the surgical procedures according to
the manufacturer’s instructions under the image intensifier
guidance in the respective groups.

In the PFNA-II group, the PFNA-II� device (Synthes,
Geneva, Switzerland), which is composed of a nail and helical
blade, was inserted and removed after fixation. The nail is
170mm long, and the proximal and distal diameters are 16.5
and 9mm, respectively.Thehelical blade diameter is 10.3mm,
and the cylindrical body diameter is 11.0mm. It was placed
centrally within 25mm from the tip of the head contour.
Distally, one 4.9mm locking static bolt was used.

The DHS was used for comparison with the biomechani-
cal stability of the PFNA-II.The lag screw of the DHS� device
(Synthes) is composed of a threaded head with 12.5mm
diameters and a cylindrical body 7.9mm in diameter. It was
inserted centrally with a tip-apex distance of <25mm.The 4-
hole DHS side plate with an 8.0mmdiameter barrel was fixed
to the femur using two 4.5mm diameters bicortical screws.
While inserting the DHS, care was taken not to overdamage
the lateral cortex needed for an exact experiment. After
completing the procedure, radiographs were obtained to
ensure that implant placement was correct.

2.5. Biomechanical Evaluation. Before the biomechanical
experiment, the bone condition after implant removal was
assumed as the worst biomechanical condition because there
was no healing process such as callus formation or bone
remodeling at the removal site.
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Figure 1: (a) An opening was created on the tip of the greater trochanter following removal of the PFNA-II (16.5mm). (b) An opening was
created on the lateral wall of the proximal femur following removal of the PFNA-II. (c) DHS position on the proximal femur. (d) An opening
was created on the lateral wall of the proximal femur following removal of the DHS (12.5mm).

All implants were removed on the day of testing (Fig-
ure 1). While removing the implant, care was taken not to
cause extra disruption of the bone substance including the
cortical and cancellous bone. Following implant removal,
additional bone damage was reexamined through radiogra-
phy. Specimens were removed from the study if breakage of
the cortical bone at any portion of the femur or definitive
injury of the cancellous bone on the calcar femorale or
femoral neck area was found.

The distal condyle of the femur was resected and the shaft
of the femur was placed vertically in a 20mm metal tube
using polymethylmethacrylate. During testing, each femur
was held in a steel vise at 25∘ adduction on the coronal plane
and vertically on the sagittal plane, a position chosen to
simulate the direction of force in the single-leg stance [18].

Each femur was subjected to a static compressive load
acting vertically on the femoral head. The compression load
was increased gradually in 25-N/sec increments using an 858
Mini Bionix� II test system (MTS System Corporation, Eden
Prairie, MN, USA) [15]. The load and displacement curves
were recorded at 1Hz intervals.

Loading was continued until the occurrence of femoral
failure. The failure load of the femur may have occurred
after the achievement of ultimate load point, as there was a
sudden decline in the load-displacement curve thereafter.We
assumed that femoral failure had occurred beyond this point
in the form of the construct, which could not maintain its
anatomical frame under loading. Subsequently, the ultimate
load and stiffness were measured and calculated in the load-
displacement curve within the elastic region as the index of
initial stability of the specimenwas analyzed; additionally, the
fracture pattern was morphologically and radiographically
evaluated (Figures 2 and 3).

2.6. Statistical Analysis. Statistical analyses were performed
using SPSS�, version 13.0 (SPSS Inc., Chicago, IL, USA)
for Windows�. Data are reported as the mean ± standard

deviation. The Mann-Whitney 𝑈 and Kruskal-Wallis tests
were used to compare nonparametric measures. A 𝑝 value
<0.05 was considered statistically significant.

3. Results

3.1. Experimental Group

3.1.1. Morphologic Evaluation. The mean diameters of the
femoral head, neck, and shaft were 4.69 ± 0.30, 3.2 ±
0.40, and 2.58 ± 0.20 cm, respectively. The neck-shaft angle
was 133.53∘± 2.8∘. Anatomically, there was no significant
difference among the control, PFNA-II, andDHS groups.The
detailed measurement values are described in Table 1.

3.1.2. BMD Measurement. The mean BMD of the neck,
greater trochanter, and whole proximal femur was 0.67 ±
0.18mg/cm2, 0.67 ± 0.23mg/cm2, and 1.16 ± 1.39mg/cm2,
respectively. The mean BMD of the neck, greater trochanter,
and whole proximal femur was also evaluated for the <65
and >65-year groups, and there was a significant difference
(𝑝 < 0.001, 𝑝 < 0.001, and 𝑝 = 0.001) (Table 2).

3.1.3. Biomechanical Evaluation. The mean ultimate load in
the PFNA-II and DHS groups was 4085.6 ± 1628.03N and
4001.9 ± 1588.3 N, respectively. There was no statistically
significant difference in ultimate load between the 2 groups
(𝑝 = 0.84) (Figure 4). Stiffness was 718.3 ± 117.2N/mm and
656.3±155.3 N/mm in the PFNA-II andDHS groups, respec-
tively (𝑝 = 0.71). Based on age, the ultimate load and stiffness
in the >65- and <65-year groups were 3115.8 ± 1182.6N
versus 5104.2 ± 1300.3 N, respectively (𝑝 = 0.002), and
675.1±158.5N/mm versus 641.1±116.8N/mm, respectively
(𝑝 = 0.22).

The ultimate load and stiffness of the PFNA-II and DHS
groups according to the >65- and <65-year groups were also
analyzed and there was no significant difference between the
PFNA-II and DHS groups (Table 2) (Figure 5).
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Figure 2: (a) Clinical photography of a fracture following application of a static axial compressive load to a femur from which a PFNA-II had
been removed. (b) Anteroposterior radiograph of the proximal femur following PFNA-II removal revealing an intertrochanteric fracture.

(a) (b)

Figure 3: (a) Clinical photograph of a fracture following application of a static compression load to the specimen from which a DHS had
been removed. (b) Anteroposterior radiograph of the proximal femur following DHS removal revealing a subtrochanteric fracture pattern.
The step-off sign of lateral cortex of femur only observed on barrel hole.
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Figure 4: No difference in ultimate load between PFNA-II andDHS
groups (𝑝 = 0.84).
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Figure 5: No difference in ultimate load between PFNA-II andDHS
groups regardless of age (𝑝 = 0.57, >65 years; 𝑝 = 0.81, <65 years).
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Table 1: Anatomical, radiological, and biomechanical data of the PFNA-II and DHS groups.

Control group (intact femur) Experiment group p value†
PFNA-II group DHS group

(1) Anatomical factors
Femoral head diameter (cm) 4.8 ± 0.3 4.69 ± 0.30 4.70 ± 0.32 0.874
Femoral neck diameter (cm) 3.2 ± 0.2 3.20 ± 0.43 3.22 ± 0.39 0.395
Shaft diameter (cm) 2.6 ± 0.1 2.57 ± 0.20 2.60 ± 0.21 0.910
Neck-shaft angle (∘) 132.6 ± 1.8 133.93 ± 2.25 133.13 ± 3.29 0.395
(2) Radiological factors
BMD of the whole femur (mg/cm2) 1.1 ± 0.2 0.94 ± 0.25 1.39 ± 1.97 0.182
BMD of the greater trochanter (mg/cm2) 0.7 ± 0.2 0.67 ± 0.22 0.67 ± 0.25 0.738
BMD of the neck (mg/cm2) 0.7 ± 0.2 0.68 ± 0.18 0.67 ± 0.20 0.67
(3) Biomechanical factors
Ultimate load (N) 6227.8 ± 1694.1 4085.6 ± 1628.03 4001.9 ± 1588.3 0.014
Stiffness (N/mm) 990.5 ± 99.8 718.3 ± 117.2 656.3 ± 155.3 <0.001
†For statistical analysis Kruskal-Wallis test was used and 𝑝 values under 0.05 are considered significant.
The values were described as mean ± standard deviation.
DHS and PFNA-II mean dynamic hip screw and proximal femoral nail antirotation.
N, cm, (∘), and mg mean newton, centimeter, degree, and milligram.

3.1.4. Fracture Patterns. Morphological and radiographic
analyses of the PFNA-II group proximal femurs revealed a
fracture line that passed from the tip of the greater trochanter
near the entry point of the nail, exiting just below the lesser
trochanter (long oblique type) in all cases (Figure 2(b)). In
the DHS group, the fracture line passed from just below the
entry point in the lateral cortex of the femur and extended
well below the level of the lesser trochanter (transverse or
reverse oblique type) in all cases (Figure 3(b)).

3.2. Control Group

3.2.1. Morphologic Evaluation. The morphological factors
measured in experimental group were also measured in
the control group and the detailed measurement values are
described in Table 1.

3.2.2. BMDMeasurement. TheBMD factors measured in the
experimental group were also measured in the control group;
the detailed measurement values are described in Table 1.
Therewas no significant difference among the control, PFNA-
II, and DHS groups.

3.2.3. Biomechanical Evaluation. The ultimate load and stiff-
ness of the control group were measured and described
in Table 1. The measurements for the >65- and <65-year
subgroups are described in Table 2.

3.2.4. Fracture Patterns. Morphological and radiographic
analyses of all control group proximal femurs revealed var-
ious fracture lines around the femoral neck. All fracture lines
were located within the femoral neck area (Figure 6).

4. Discussion

The implants used to repair fractures around the proximal
femur are reported to be a source of pain following fracture
union [19]. Many studies report the occurrence of discomfort
due to implant, which can affect activity of daily living in
around 10–40% patients [12, 13, 19–25]. These kinds of dis-
comfort can lead to implant removal. However, considering
the need of physical activities and comorbidities following
it, implant removal has been reserved to younger patients.
Nowadays due to extended life expectancy and the promotion
of sports activities in old age, the need for implant removal
has become a growing trend in elderly patients. In fact,
Gardenbroek et al. found that persistent discomfort following
PFN implantation in patients aged >70 years prompted
removal in 6.8% of patients with simple PFN implantation
and in 4.3% of patients with PFNA-II implantation [21].
Therefore, the surgeon should consider the biomechanical
change to the femur following implant removal and possible
complications according to the implant used.

In this study, biomechanical testing was performed using
a position closely simulating a single-leg stance with a
static compression load, which reflect mid-stance phase of
walking in which stress on the femur is concentrated [26, 27].
The maximum loads allowed for the experimental group
were much higher than the force experienced by the hip
joint, which is approximately 3000N in an average-build,
70 kg man (Table 1). On comparing these results with the
control group data, which exhibited no statistically significant
difference from the experimental groups anatomically or
radiologically (i.e., BMD), the ultimate load for fracture and
stiffness for initial stability without fracture were significantly
lower (𝑝 = 0.014, 𝑝 < 0.001), but the mean values of
the experimental groups were still >3000N (Table 1). This
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Table 2: Radiological and biomechanical data between the specimen over and under 65 years.

Control group Experimental group
Over 65 years

(𝑛 = 6)
Under 65

years (𝑛 = 6) Over 65 years (𝑛 = 16) Under 65 years (𝑛 = 14) p values†

Age (year) 70.0 ± 1.4 52.4 ± 3.6 78.7 ± 10.3 59.4 ± 4.8 0.376 (Over 65 years)
0.067 (Under 65 years)

(1) Radiological
factors
BMD of the neck
(mg/cm2) 0.6 ± 0.1 0.9 ± 0.1 0.54 ± 0.14 0.83 ± 0.10 0.494 (Over 65 years)

0.201 (Under 65 years)
BMD of the greater
trochanter
(mg/cm2)

0.6 ± 0.1 0.9 ± 0.1 0.49 ± 0.15 0.87 ± 0.11 0.178 (Over 65 years)
0.841 (Under 65 years)

BMD of the whole
femur (mg/cm2) 1.0 ± 0.1 1.2 ± 0.1 1.23 ± 1.93 1.09 ± 0.17 0.90 (Over 65 years)

0.109 (Under 65 years)
(2) Biomechanical
factors

Ultimate load (N) 4742.7 ±
758.5 7712.8 ± 667.9 3115.8 ± 1182.6 5104.2 ± 1300.3 0.027 (Over 65 years)

0.001 (Under 65 years)

Stiffness (N/mm) 920.2 ± 52.4 1060.8 ± 82.5 675.1 ± 158.5 641.1 ± 116.8 0.002 (Over 65 years)
0.012 (Under 65 years)

PFNA (𝑛 = 8) DHS (𝑛 = 8) PFNA (𝑛 = 7) DHS (𝑛 = 7) p values‡

Ultimate load (N) 3028.6 ±
1151.3

3203.1 ±
1286.1

5293.7 ±
1202.3

4914.8 ±
1460.8

0.57 (Over 65 years)
0.81 (Under 65 years)

Stiffness (N/mm) 672.2 ± 121.3 675.1 ± 158.5 770.9 ± 94.0 641 ± 116.8 0.96 (Over 65 years)
0.54 (Under 65 years)

†For statistical analysis Mann-Whitney 𝑈 test was used and 𝑝 values under 0.05 were considered to be significant. The age, radiological factors, and
biomechanical factors between control and experimental group were compared and analyzed statistically according to aged group.
‡For statistical analysis Mann-Whitney 𝑈 test was used and 𝑝 values under 0.05 were considered to be significant. Only PFNA and DHS subgroups over and
under 65 years in experimental group were analyzed statistically.
The values were described as mean ± standard deviation.
Data were reported as mean (standard deviation (SD)).
DHS: dynamic hip screw.
PFNA-II: proximal femoral nail antirotation.
N: newton.
cm: centimeter.
∘: degree.
mg: milligram.

(a) (b)

Figure 6: (a) Clinical photograph of a fracture following application of a static compression load to a specimen that did not undergo any
procedures (control group). (b) Anteroposterior radiograph of the proximal femur revealing a femoral neck fracture.
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means that although fracture cannot occur in a single-leg
stance state, the femur from which the implant was removed
is thought to be structurally weak before the healing is
complete.

To identify the effect of the aging process on bone
quality change, the ultimate load and stiffness of proximal
femur were measured in accordance with the ages of >65
and <65 years (Table 2). The femurs were equally good at
tolerating normal weight-bearing loads following implant
removal regardless of implant type and age. However, some
>65-year specimens (𝑛 = 11/16) had failure loads of <3000N,
and these valueswere significantly less than that of the control
group (>4000N; 𝑝 = 0.027). Stiffness was not affected by
the age in control and experimental groups. The cause of this
phenomenon is thought to be the preservation of cortical
bone, which acts as the main stabilizer of the femur, and the
change in the diameter of the femur from the aging process.
However stiffness in the >65 and <65 years was statistically
decreased following implant removal due to cortical breakage
of the femur, demonstrating structural weakness (𝑝 = 0.002,
𝑝 = 0.012). Based on these results, we suggest that more
care is needed for patients aged >65 years following implant
removal, and if implant removal should be performed in
patients of this age group due to painful hardware or thigh
pain by stress concentration around the implant, mismatch
augmentation of the subsequent bone defect with bone
cement or refixation with small or matched implants should
be considered. Moreover, based on the hypothesis that an
intact femur is similar to a completely healed state following
implant removal despite some limitations, the surgeon should
practice with more caution regarding early-stage implant
removal due to the lower load-bearing capacity of the healed
femur.

There were no statistically significant differences between
the PFNA-II and DHS groups for ultimate loads and stiffness
(𝑝 = 0.838, 𝑝 = 0.713) (Figure 4). This result differed
from our expectations and from the results of a previous
study that compared femur biomechanics following Gamma
nail and DHS removal [28]. In a study by Kukla et al. [28],
authors concluded that the failure load required to create a
fracture in the cadaveric femur was higher for femurs from
which a DHS implant was removed than for femurs from
which a Gamma nail was removed.The discrepancy between
previous findings and our study may be due to differences
in the design of PFNA-II devices and the Gamma nail. The
standard Gamma nail (SGN) used in the previous study was
a first-generation device. Thus, the proximal and distal shaft
diameters of the SGN are 17mm and 12mm, respectively, and
the shaft of the SGN has a medial-lateral bending angle (M-L
angle) of 10∘. In contrast, the proximal and distal diameters
of the PFNA-II are 16.5mm and 9mm, respectively, and the
M-L angle is 5∘. Due to these differences, the SGN created
more extensive bone loss in the proximal femur than the
PFNA-II in our study, more excessive stress was concentrated
in the removal region of the nail because of the large shaft
diameter and the excessive M-L angle of the SGN [29]. This
resulted in relatively lower fracture loads in the SGN group in
the previous study than in the PFNA-II group in the present
study. We also compared PFNA-II and DHS in the >65 and

<65-year groups. There was also no significant difference
(Figure 5); conclusively, PFNA-II and DHS removal does not
affect femur stability regardless of age. We believe that the
possible cause is the minimal breakage of the lateral cortex
and calcar femorale by PFNA-II due to design improvements.

Regarding fracture patterns, long, oblique-type intertro-
chanteric fractures were observed in the PFNA-II group,
whereas transverse or reverse oblique-type subtrochanteric
fractures were observed in the DHS group. The opening cre-
ated by the PFNA-II on the tip of the greater trochanter may
act as the starting point of a crack that propagates along
the intertrochanteric line to cause intertrochanteric fractures,
and opening the lateral wall of the femur with the DHS
may increase stress, leading to fractures. These fracture pat-
terns corresponded with our preexperimental expectations,
although they differed from those reported by a previous
biomechanical study [28].

In a study by Kukla et al., the fracture pattern of the SGN
removal groupwas complicated: an intertrochanteric fracture
with or without femoral neck fracture; however, only simple
intertrochanteric fractures were observed in the PFNA-II
group in our study. These differing fracture patterns between
intramedullary devices may have been due to differences
in the size and design of inserted devices and anatomical
difference of enrolled cadaveric femurs [26, 27]. Firstly, the
PFNA-II helical blade diameter was from 10.3mm (anterior
to mid body) to 11.0mm (mid to posterior), while, for the
SGN, the lag screw diameter on the threaded portion, namely,
the head of the lag screw, was 12mm.Therefore, if the helical
blade and lag screw were inserted and removed along the
lateral wall to the femoral head, there would be much greater
bone loss in the SGN group as compared to our PFNA-II
group. In particular, the bone loss ratiowould bemuch higher
in the femoral neck because anatomically this area is the
narrowest zone of the proximal femur [30, 31]. Assuming
that the femoral neck has a truly round shape, the ratio of
bone loss at the narrowest point of the femoral neck can be
calculated as 𝜋 × (blade or lag screw diameter/2)2 to 𝜋 ×
(femoral neck diameter/2)2. According to this method, the
percentage ratios of bone loss were 10.7±2.5%and 14.5±3.4%
for PFNA-II and SGN, respectively, based on our data for
the neck diameters of the specimens. There is a significant
difference between these values (𝑝 = 0.04). Therefore, only
simple intertrochanteric fractureswere observed in our study.
Secondly, femoral neck length in Asian population is shorter
and anteversion is larger thanCaucasians [32].This difference
of geometry in proximal femur such as length, anteversion,
and cortical width of femoral head-neck can cause the dif-
ferent stress condition on femur neck and intertrochanteric
area during compression load test. Considering the impor-
tance of bioequivalence controlled laboratory environment,
abovementioned anatomical difference can cause difference
in fracture patterns after PFNA-II and SGN removal.

The fracture pattern observed in the DHS group also
differed from that of previous studies. Kukla et al. observed
femoral neck fractures in their DHS group; however, we
observed subtrochanteric fractures in our study [28]. We
inferred that thismight be due to implant design and anatom-
ical difference of enrolled cadaveric femurs [33, 34]. Firstly, in
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the previous study, the opening of the lateral wall was 12mm
and the study was performed in 12∘ adduction. However, the
opening of the lateral wall in our study was 12.5mm due to
the head size of the lag screw, and the biomechanical study
was performed in 25∘ of adduction [28]. When the adduction
angle is increased, the compression force on the femoral head
acts more vertically on the femoral neck area. Consequently,
the neck portion is more resistant to compression force.
However, the compression force ismore concentrated around
the greater to lesser trochanteric area because this is the apex
of the femur in the coronal plane. Accordingly, this area
becomes vulnerable to fracture. Compared to the previous
study, the larger opening on the lateral wall of the femur and
the adducted position in our studymay have led to fracture of
the subtrochanteric area instead of the femoral neck.Thirdly,
due to anatomical variation between Asians and Caucasians,
mismatch between implant and femoral geometry is possible
as PFNA-II and DHS implants were designed based on
the data of Caucasian femurs. This mismatch can also give
structural damages on the femur, which can be a possible
cause of different fracture patterns between this and previous
studies.

From a clinical perspective, patients who undergo PFNA-
II removal may have more surgically amenable fractures
(intertrochanteric fracture) compared to patients who
undergo DHS removal (subtrochanteric fractures) because
surgical treatment of an intertrochanteric fracture is
relatively easier and has fewer complications than that for a
subtrochanteric fracture.

This study had certain limitations. (1) The load exerted
on the femur was a simple compressive force (especially
the axial loading, considering simplicity, limited availability
of cadavers, and reproducibility of experimental design) in
this experimental study. Therefore, various types of force
that may act on femur could not be verified. (2) Despite
the various intramedullary and extramedullary implants
available to orthopedic surgeons; we compared only one
type of each extramedullary and intramedullary device. (3)
We performed this study using anatomically normal cadav-
eric femurs without the fracture healing process; therefore,
morphological changes during fracture healing, for exam-
ple, callus formation, remodeling, subtle malreduction, and
femoral neck shortening, could not be evaluated. (4) The
behavior of the devices inside a femur of living person with
bone growth or bone healing process cannot be anticipated
nor explained. Therefore, the final state of the femur after
removing the device could not be accounted in this study as
it can vary according to the patients’ healing conditions. (5)
The anatomical variation among races was not considered in
this study. There are anatomical differences in structure of
proximal femur between different races. This difference can
affect the fracture pattern and complications after implant
removal depending on races [35].

However, considering the limitation of preparing a large
number of cadaveric femurs for research in various condi-
tions and the difficulty of obtaining a statistically meaningful
number of fused cadaveric femurs with various anatomical
deformations following proximal femur fracture, our study
design may be considered appropriate as an initial study that

sheds some light on a developingmedical topic. Additionally,
a test applying compression load on the intact femur was
carried out. Therefore, a comparative analysis of the stiffness
variation of the femur neck after implant removal was
possible. Also, using this data, the difference in the effect
between the intra- and extramedullary implant on femur
neck after its removal could be verified.

In conclusion, our results indicate that the ultimate load
and stiffness following the removal of an intramedullary nail
device (PFNA-II) by static compression load are similar to
that of a conventional extramedullary fixation device (DHS)
regardless of age. Based on these results, we may assume that
the widely used recent intramedullary nail devices (PFNA-
II) are as safe as extramedullary devices (DHS) in early-stage
conditions without callus formation or bone remodeling
following implant removal. However, because the failure
load in >65-year femurs (11/16) could be lower than the
acceptable ultimate load (3000N), care is necessary when
treating patients with early-stage removal of different implant
types, also considering fracture patterns that differ based on
the type of device removed. Considering the limitations of
the present study such as various anatomical variations in
cadaveric femurs and simulation study using finite element
method to assure the conclusion of this study, comparison of
multiple implant types, fresh cadaveric tests, biomechanical
testing involving multiple-type loads, and repeated-stress
fatigue testing should be carried out to confirm biomechan-
ical stability following the removal of an intramedullary nail
device.
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