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Abstract

Introduction The aim of this prospective study was to
investigate the effect of local hip bone density on
mechanical failure after fixation of pertrochanteric frac-
tures and to establish possible risk factors for the failures.
Materials and methods A total of 136 consecutive
patients presenting a closed unilateral pertrochanteric
fracture were enrolled. The patients were treated with a
sliding hip screw or an intramedullary nail. Dual energy
X-ray absorptiometry measurements for bone density of the
contralateral hip were made within 4 weeks postopera-
tively. Follow-up evaluations on the standard radiographs
were documented for any mechanical failure including loss
of reduction, screw or blade cut-out, lateral migration of
the screw or blade, and implant breakage. Secondary out-
comes were also recorded including patient characteristics
and fixation construct variables as possible predictors for
mechanical failure.

Results At a minimum of 2 years of follow-up, 38
patients were reported with mechanical failure at an esti-
mated risk of 27.9 %. The local bone density measure-
ments for the study population showed no difference
between patients with (0.710 g/cm?) and without (0.726 g/
sz) mechanical failure (P = 0.180). We also observed no
significant correlation between local bone density and
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failure in patients with good fracture reduction
(P = 0.862). The multivariate regression analysis identi-
fied fracture type (P < 0.001) and quality of fracture
reduction (P < 0.001) as being independent predictors for
mechanical failure, whereas local bone density was not
(P = 0.658).

Conclusions Local hip bone density does not appear to
have a significant influence on mechanical failure after
internal fixation of pertrochanteric fractures. Stable frac-
tures and fractures with good reduction are expected to
obtain satisfactory outcomes.
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Introduction

Pertrochanteric fractures are likely common fractures sec-
ondary to osteoporosis in advanced age, and account for
about 40-50 % of hip fractures [1, 2]. Treatment of per-
trochanteric fractures with extramedullary or intramedul-
lary implants has the potential to achieve good clinical
outcome even in patients with poor bone quality [1, 3-5].
In comparison with plate system, nail fixation appears to
have more advantages of superior mechanical property in
unstable fractures [2, 6]; even though, a substantial number
of complications including mechanical failure (MF) are
known [7-10].

Among the factors contributing to MF, poor local
bone quality was assumed to lead to a high number of
mechanical complications [8, 11, 12]. However, most of
the earlier studies aimed to investigate the significant
correlation between whole-body bone mineral density
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(BMD) and fixation failure, without accounting for local
BMD on the proximal femur [14, 15]. Owing to this
limitation, the association between local hip bone den-
sity and MF has not yet been proven in a clinical
setting.

For these reasons, the primary purpose of this prospec-
tive study was to investigate the effect of local bone density
on MF. We hypothesized that a lower local BMD leads to a
higher rate of postoperative MF in patients with per-
trochanteric fractures. Secondary outcomes focused on
other variables that could potentially impact on postoper-
ative failures.

Patients and methods
Patient selection

From May 2011 to December 2012, a consecutive series
of 212 patients who met the criteria was included in the
prospective study at our trauma center. This protocol was
in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
experiments involving humans and was approved by the
institutional review board of our hospital. The inclusion
criteria included patients aged 50 years and older and
with a radiologically confirmed, acute, closed, unilateral
pertrochanteric fracture due to a traumatic injury, with
surgical treatment of internal fixation. The exclusion
criteria were (1) multiple fractures; (2) fractures with
concomitant severe visceral injury; (3) a history of pre-
vious injury or operation of the affected limb which
could mislead the evaluation of hip function; (4) previ-
ous dysfunction of the hip such as osteoarthritis or
osteonecrosis of the femoral head; (5) pathological
fractures; (6) cognitive impairment which might impose
an influence on compliance to postoperative rehabilita-
tion; (7) a follow-up of less than 2 years after the
surgery.

Out of 212 patients, 5 patients were excluded because of
refusal to participate in the study and 43 patients who failed
to meet the exclusion criteria were also ruled out (Fig. 1).
Thus, the remaining 164 patients (113 females and 51
males) were eligible to undergo a dual-energy X-ray
absorptiometry (DXA) scan. All enrolled patients signed
the written informed consents prior to entering the study.
The mean age of those patients was 77.2 years (range
50-92 years). The causes of the fractures consisted of
traffic accidents (19 patients), sports injury (35 patients),
falling from a height (13 patients) and falling down (97
patients). According to the mechanism of the injury, 37
patients sustained a high-energy injury whereas 127
patients suffered a low-energy hip fracture.
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Local bone density scan

Following the recommendation by World Health Organi-
zation [16], we measured local bone density of the con-
tralateral hip using DXA (GE-LUNAR Corp, Madison,
WI) within the first 4 weeks postoperatively. Local hip
BMD scan was performed in three bone sites of femur
(neck, intertrochanteric zone and trochanter) according to
the manufacturer’s guidelines, and the mean BMD was
recorded thereafter. To minimize errors in the measure-
ments, the lower limb was fixed at an internal rotation of
15° during the scan. According to the guideline, the mea-
surement of BMD in Ward’s triangle was not applied due
to poor accuracy for repeated measurements [16]. Mean-
while, whole-body BMD scan was made to screen osteo-
porosis, which was diagnosed with a T score less than
—2.5. As per the records, all the scans were done by a
single examiner. Prior to the injury, only 29 patients
administered calcium and Vitamin D regularly. The
patients received a standard treatment protocol including
bisphosphonate, strontium, or PTH as soon as osteoporosis
was diagnosed.

Surgical interventions

The surgical procedures were performed within 48 h of
admission, by four surgeons including one junior surgeon,
two senior surgeons and one hip specialist. The mean time
between the injury and operation was 2.0 days (range
0-5 days). All the patients were operated on a supine
position on a fracture table using standard reduction tech-
niques. The sliding hip screw system (Synthes, Solothurn,
Switzerland) was used for extramedullary fixation of the
stable fractures, whereas the Proximal Femoral Nail
Antirotation (PFNA-II) (Synthes, Solothurn, Switzerland)
was used for intramedullary fixation. The decision of a
short or long implant was also left to the surgeons. How-
ever, a short nail was used in patients with extremely
anterior bowing of the femur to avoid stress contact or
penetration to the cortical bone.

All the patients received prophylactic intravenous
antibiotics before the procedure. The patients were allowed
to fully bear weight as tolerated on the injured hip after
surgery [17]. Systematical passive and active rehabilitation
was tailored to the characteristics and needs of the indi-
vidual patients in collaboration with a physical therapist.

Follow-up

The patients were reviewed at 6 weeks, 3, 6 months after
surgical procedure, followed by yearly review thereafter.
During the entire follow-up, all mechanical and non-me-
chanical complications were noted.
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Fig. 1 Flow chart of patient
enrollment. DXA dual-energy
X-ray absorptiometry

Pertrochanteric fractures
(n=212)

Reasons for exclusion (n=48)

-Cognitive impairment (n=15)

-Previous hip dysfunction (n=10)

-A history of pervious injury or operation (n=7)
-Multiple injuries (n=7)

-Refusal to participate (n=5)

-Pathoplogical fracture (n=2)

-Concomitant visceral injury (n=2)

Pertrochanteric fractures with DXA scan

Radiologic reviews were done using two standard views,
i.e., anteroposterior (AP) and lateral radiographs, which
were taken by one senior radiologist on the first day after
surgery and at every follow-up. Potential magnification
errors were corrected with the use of a metal coin of a
known diameter as the reference. Preoperative and post-
operative radiographs were analyzed by an independent
investigator and were then confirmed by another senior
surgeon who did not participate in the procedures. The
fractures were classified preoperatively according to AO/
OTA classification [18] and subsequently categorized as
either stable (31-Al.1, 31-A1.2, 31-A1-3, and 31-A2.1) or
unstable (31-A2.2, 31-A2.3, 31-A3.1, 31-A3.2, and
31-A3.3) (Fig. 2) [19].

On the immediate postoperative radiographs, we
focused our evaluations on the quality of fracture
reduction and the position of the screw or blade. In
addition, we measured neck-shaft angle which refers to
the angle formed by axis of femoral shaft and line drawn
along the axis of the femoral neck which passes through
the center of the femoral head. We introduced neck-shaft
angle in the present study as it was an important refer-
ence for the displacement of the fragments and implants.
The quality of fracture reduction was graded as good
when there was normal or valgus alignment on an
anteroposterior radiograph with a less than 20° of
angulation on the lateral radiographs, and a less than

(n=164)

Reasons for exclusion (n=28)
-Loss of follow-up (n=18)
-Death (n=10)

Final cohort
(n=136)

4 mm of displacement between the major fragments [20].
Otherwise, poor reduction was graded when the reduc-
tion met neither criteria. Moreover, the position of the
screw or blade in the femoral head was assessed using
tip—apex distance (TAD) described by Baumgaertner
et al. [21]. According to TAD, the patients were cate-
gorized into two groups: greater than or equal to 25 mm
and less than 25 mm.

Follow-up radiographs were assessed for the presence or
absence of MF and bone healing. We defined MF as loss of
fracture reduction, screw or blade cut-out, lateral migration
of the screw or blade, and implant breakage. Loss of
reduction was defined as displacement of the fractures,
varus deformation or loss of neck-shaft angle greater than
10° as compared to the immediate postoperative radio-
graphs (Fig. 3) [21]. The amount of lateral migration of the
screw or blade was measured on the AP views by com-
paring the immediate postoperative radiographs with the
most recent radiographs and was calculated as the change
in the relative length of the unengaged part of the screw or
blade, after correcting for the magnification. We defined
excessive lateral migration as the migration laterally
greater than or equal to 10 mm (Fig. 4). As to bone heal-
ing, union was defined as visible callus in more than two
planes without complaints about pain during full weight
bearing, whereas non-union was defined as having no
callus formation after 6 months and the lacking of
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Fig. 2 Distribution of patients
with stable and

unstable pertrochanteric A33
(n=16)

fractures according to AO/OTA
classification (n = 136) A3.2
(n=10)

A3.1
(n=8)

A23
(n=20)

(n=26)

Fig. 3 a The preoperative
radiograph showed a

stable pertrochanteric fracture
(AO/OTA 31-Al2)in a
75-year-old female patient.

b The immediate postoperative
radiograph showed a good
reduction with the neck-shaft
angle of 122° (7). Neck-shaft
angle refers to the angle formed
by axis of femoral shaft and a
line drawn along the axis of the
femoral neck which passes
through the center of the
femoral head. ¢ The radiograph
at the follow-up of 6 months
after surgery showed the
occurrence of mechanical
failure (o, = 106°). Varus
deformation was found with
loss of neck-shaft angle of 16°

progressive fracture healing on three consecutive radio-
graphs taken 1 month apart [19].

The final evaluations on both clinical and radiological
outcomes were performed blindly by another independent
surgeon at the endpoint of the follow-up.

Statistical analysis

We used IBM SPSS Statistics, Version 20.0 for Windows
(SPSS Inc., Chicago, Illinois) for all analyses. All contin-
uous variables were expressed as mean =+ standard devia-
tion, and the categorical variables were expressed by the
absolute and relative frequencies. To investigate the effect
of local bone density, we categorized the patients into
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(n=20) Al3
(n=3)
® 31-Al.1
® 31-A1.2
> 31-A1.3
@ 31-A2.1

@ Stable fractures

® 31-A22
® 31-A2.3
® 31-A3.1
® 31-A3.2

A2.1 ® 31-A3.3
(n=28)

@ Unstable fractures

mechanical failure (+MF) group and non-mechanical
failure (—MF) group on the basis of complications
observed at the final follow-up. Fisher’s exact test, Stu-
dent’s ¢ test and ANOVA test were performed for quanti-
tative data, and Chi-square test was used to find out the
difference of categorical variables between the two groups.
Sum rank test was used to analyze the data regarding the
type of the surgeons, which was considered as one-way
ordinal contingency table. Multivariate linear regression
analysis was then conducted to assess any independent
predictors of postoperative failure. Variables that were
factored in the multivariate regression model included
gender, age, bone mass index, fracture side, accident type,
fracture type, nail length, quality of reduction, the type of



Arch Orthop Trauma Surg (2016) 136:223-232

227

Fig. 4 a The preoperative radiograph showed a pertrochanteric
fracture (AO/OTA 31-A2.1) in an 8l-year-old female patient.
b The immediate postoperative radiograph showed a good reduction.
The true length of the unengaged part of the blade (true d;) was
calculated by multiplying the relative length measured on the
radiograph (d,) with the magnification of the radiograph. The

the surgeons, implant type, TAD, T score, and local BMD.
Odds ratio (OR) was used to describe the risk of failure.
P value of 0.05 or less was considered as significant.

According to the statistics program based on G-power
3.1 software (Grant Devilly, Vic., Australia), the minimum
number of participants to satisfy this independent mea-
surement design was required to be 68 in total. The sig-
nificance level was set to 0.05, the effect size to 0.25, and a
power of 0.8 were set. Thus, a sample size of 164 partic-
ipants was determined to be sufficient.

Results

Out of the 164 enrolled patients, 28 patients failed to
accomplish the entire follow-up period of at least 2 years
after surgery due to loss of contact or death from other
conditions (Fig. 1). Therefore, the final cohort consisted of
136 patients, and the follow-up ranged from 2 to 3 years.
We found MF in 38 patients and the total failure rate was
279 % (Table 1). In the +MF group (n = 38), loss of
reduction (18/38, 47.4 %) was the most commonly reported
complication. Most of the failures (28/38, 73.7 %) were
found within 3 months after surgery, whereas only 5.3 % (2/
38) of the mechanical complications occurred after 1 year.

magnification was calculated by dividing the true diameter of the
coin by the diameter measured on the radiograph (d.;). ¢ The
radiograph at the follow-up of 6 months after surgery showed the
occurrence of blade lateral migration. Excessive lateral migration was
found as the migration laterally of 15 mm (true dr—true d;)

The mean areal BMD at the contralateral hip was
0.721 g/em? for the study population. The mean local BMD
determined for the contralateral hip was not significantly
different between the patients in the +MF
(0.710 % 0.066 g/cm?, range 0.534-0.837 g/cm?) and —MF
group (0.726 + 0.061 g/cm?, range, 0.572-0.854 g/cm?,
P = 0.180). In terms of whole-body BMD, we observed a
total of 16 patients with diagnosed osteoporosis in the +MF
group and 41 patients in the —MF group (P = 0.977).

Significant differences were seen between the +MF and
—MF group with regard to fracture type and fracture
quality of reduction (both, P < 0.001) (Tables 2, 3). The
failure rate was higher in unstable pertrochanteric fractures
than in stable fractures (38.1 % versus 10.7 %). Moreover,
less failure was also observed in patients with good fracture
reduction (Tables 2, 3).

We subsequently investigated the cause of failures in
patients with good fracture reduction. With respect to local
bone density, we did not find any statistical difference
between the patients with and without failure (mean,
0.723 g/cm” versus 0.726 g/em’, t = 0.175, P = 0.862). In
the subgroup analysis of the same types of fractures treated
by the same implant, local bone status was also not sig-
nificantly different between the patients with and without
MF (F = 1.005, P = 0.318) (Table 4).
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iﬁiﬁicieﬁaﬁi tme Type of MF Time of MF (no. of patients) Total (%)
<6 weeks 6 weeks—3 months 3 months-1 year  >1 year
Lose of reduction 12 5 1 0 18 (13.2)
Blade cut-out 2 8 1 0 11 (8.1)
Blade lateral migration 0 1 5 0 6 (4.4)
Implant breakage 0 0 1 2 322
Total (%) 14 (10.3) 14 (10.3) 8 (5.9) 2(1.4) 38 (27.9)
MF mechanical failure
;:ltligstf w}?tahs 6(1_1:1;[;1;1 t:nfior the +MF group (n = 38) —MF group (n = 98) P value
without (—MF) mechanical Gender, no. (%)
failure
Female 25 (18.4) 68 (50.0) 0.417
Male 13 (9.6) 30 (22.0)
Age (years)
Mean (SD) 77.5 (7.1) 77.1 (6.8) 0.762
Median (range) 78 (60-92) 77 (50-89)
Body mass index (kg/m?)
Mean (SD) 23.0 (3.1) 23.2 (3.8) 0.746
Median (range) 23.2 (17.8-33.2) 22.8 (15.8-34.3)
Fracture side, no. (%)
Right 20 (14.7) 50 (36.8) 0.866
Left 18 (13.2) 48 (35.3)
Accident type, no. (%)
High-energy 7(5.2) 18 (13.2) 0.994
Low-energy 31 (22.8) 80 (58.8)
Fracture type, no. (%)*
Unstable 32 (23.5) 50 (36.8) <0.001
Stable 6 (4.4) 48 (35.3)

MF mechanical failure, SD standard deviation
* Difference of data statistically significant (P < 0.05)

Table 5 shows the logistic regression analysis. The
results showed that local bone density was not a significant
factor associated with MF (P = 0.658). The multiple linear
regression model identified only unstable fractures
(OR = 31.199, P = 0.005) and poor reduction of the
fractures (OR = 9.308, P < 0.001) as the predictive fac-
tors for increased failure risk.

Discussion

The present study, including 136 pertrochanteric fracture
patients over 50 years of age treated with plate or nail
system, showed similar local BMD measurement of the
contralateral hip between the patients with and without MF.
The results challenge the widespread belief that BMD has a
tremendous impact on postoperative outcome after
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pertrochanteric fractures [6, 7, 22-25]. An in vitro study
demonstrated that patients with BMD less than 250 mg/
cm® bore high risk of fixation failure after intertrochanteric
fractures [8]. However, this study used BMD measure-
ments based on the whole-body scan. Patients graded as
osteoporotic in those studies might appear to have a rela-
tively lower BMD in the spine but a normal BMD in the
hip. As a step towards establishing the definitive relation-
ship between local bone density and clinical outcome, our
study utilized local bone density instead of whole body
values.

The subgroup analysis showed that local bone density
was not associated with MF in the patients with good
fracture reduction. The results did not differ when the
patients were subgrouped by fracture pattern and types of
implants. The similar results had been seen in the treatment
of proximal humerus fractures and femoral neck fractures
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frl(‘)?lgfei)aﬁzgfsrv{ifﬁiiﬁézssgg +MEF group (n = 38) —MF group (n = 98) P value
wi.thout (—MF) mechanical Implant length, no. (%)
failure
Short 27 (19.9) 58 (42.6) 0.200
Long 11 (8.1) 40 (29.4)
Type of the surgeons, no. (%)
Junior 4(2.9) 13 (9.6) 0.962
Senior 25 (18.4) 59 (43.4)
Hip specialist 9 (6.6) 26 (19.1)
Nail type, no. (%)
Sliding hip screw 5@3.7 17 (12.5) 0.821
PFNA 33 (24.3) 81 (59.5)
Fracture reduction, no. (%)*
Poor 17 (12.5) 9 (6.6) <0.001
Good 21 (15.4) 89 (65.5)
TAD, no. (%)
<25 mm 34 (25.0) 90 (66.2) 0.783
>25 mm 4(2.9) 8 (5.9)

Table 4 Subgroup analysis of
local bone density [g/cmz,
mean(SD)] in the patients with
(+MF) and without (—MF)
mechanical failure

Table 5 Results of logistic
regression model to predict
mechanical failure

MF mechanical failure, TAD tip—apex distance
* Difference of data statistically significant (P < 0.05)

Stable fracture

Sliding hip screw PFNA

Unstable fracture

Sliding hip screw

PFNA

0.726 (0.055)
0.732 (0.086)

0.647 (0.062)
0.745 (0.054)

+MF group
—MF group

0.765 (0.083)
0.737 (0.065)

0.709 (0.060)
0.702 (0.055)

ANOVA test showing no significant difference between the two groups (F = 1.005, P = 0.318)

MF mechanical failure, SD standard deviation

Multivariate predictor Regression coefficient OR 95 % CI P value
Gender 0.237 0.789 0.279-2.228 0.654
Age 0.039 1.039 0.960-1.125 0.342
Body mass index 0.292 0.747 0.553-1.009 0.057
Fracture side —0.915 0.401 0.119-1.348 0.139
Accident type 0.219 1.245 0.213-7.283 0.808
Fracture type* 3.440 31.199 5.962-163.276 <0.001
Implant length —0.992 2.697 0.917-7.930 0.071
Fracture reduction™ —2.231 9.308 2.818-30.744 <0.001
Type of the surgeons —0.091 0.913 0.414-2.013 0.822
Implant type 0.136 1.146 0.287-4.571 0.847
TAD —0.402 0.669 0.139-3.233 0.617
T score —0.152 1.165 0.609-2.225 0.645
Local BMD* —1.713 0.180 0-356.699 0.658

OR odds ratio, CI confidence intervals, TAD tip—apex distance, BMD bone mineral density

* Difference of data statistically significant (P < 0.05)
? Bone mineral density measured in the hip
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[26, 27]. Davis et al. found that bone density did not dis-
play significant influence on the cut-out rate of inter-
trochanteric fractures fixed by sliding hip screw or
Kiintscher Y-nail [14]. We were cautious to agree with the
results for two possible reasons. One reason was that old
designed implants used in the study might develop less
intensity and toughness in their mechanical properties than
the modern constructs did. The other reason was that these
authors measured local BMD by Singh index which is a
poor measure of bone density [28, 29].

Our study reported an overall high failure rate of
27.9 %, which is comparable to the recent literatures
(20.5-37 %) [6, 7, 30]. However, other studies reported
relatively lower rate of mechanical complications
(8.8-13 %) [2, 14, 31]. We attributed the differences to our
strict radiographic criteria. Unlike those studies, loss of
reduction was documented in the present study as an
additional form of mechanical complications. Furthermore,
loss of reduction potentially included any visible move-
ments in the bone—-implant interface. We believe that, by
the time displacement occurs, the loss of mechanical nature
of the implants will lead to failure in the bone—implant
interface. Thus, bone healing is no longer determined by
primary fixation.

The implant is believed to bear more stress in unsta-
ble pertrochanteric fractures than in stable fractures before
bone heals. Therefore, unstable fractures are potentially
more likely to suffer failures in mechanical fixation [10,
30], as was supported by our findings. However, the results
were not in agreement with those by Gardner et al. [19]. In
their study, the authors found that fracture pattern did not
exhibit a significant effect on blade tip movement. We
explained the different results for the reason that fixation
failure observed in the study only referred to the compli-
cations of the blades rather than all MFs observed on the
radiographs.

Consistent with the results in recent studies [30, 32], our
study showed that poor fracture reduction was an inde-
pendent predictor for an increased failure risk. However,
several studies documented conflicting results [6, 19].
Streubel et al. revealed a negative effect of fracture
reduction on MF after locking plate fixation [6]. Besides,
Gardner et al. did not investigate significant association
between quality of reduction and blade failure [19]. The
potential factor contributing to this discrepancy was the
different methodology used. In those studies, the authors
either fixed the fractures by locking plates or observed the
failures only referring to blade complications.

As known, the TAD is an important predictor for cut-out
of the screw or blade. The optimal tip—apex distance is
25 mm or less for a dynamic hip screw [8]. However, the
TAD in the cut-out of the helical blade in PFNA shows a
bimodal distribution, different to that of a sliding hip screw
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[33]. A recent study found that the TAD is not a potential
predictor for cut-out in cephalomedullary nailing of prox-
imal femoral fractures [31]. In the present study, we did not
isolate patients with the screw or blade cut-out from those
with other mechanical complications. It might be one
possible explanation for non-correlation between the TAD
and fixation failure.

One issue in this study deserves special mention. We
used modern DXA to measure areal BMD (g/cmz) values at
different areas of the hip. Although quantitative CT allows
for a true three-dimensional bone density measurement (g/
cm®) without superimposition of cortical bone and other
tissues, the measurement of BMD obtained from DXA is
the most widely used technique in the clinical setting
because of its ease of use, low radiation exposure and its
ability to measure BMD at both the hip and the spine [34].
In addition, areal BMD measured across an entire hip was
then expressed as a T score to facilitate its interpretation for
osteoporosis diagnosis [16]. Therefore, we believed DXA
as a simple and reliable method for assessing local bone
density in the unaffected hip in the clinical study. However,
the quantitative CT-derived BMD sets the platform for
which future studies can be based.

We acknowledge some limitations to the study. First,
there was bias in the selection of the patients as 28 patients
were excluded because of insufficient follow-up. Some
patients with mechanical complications may have been
managed at other institutions or did not require surgical
intervention. There is also the possibility that a patient
could suffer from fixation failure beyond the given follow-
up period. Second, the evaluation of stability of the frac-
tures was based on AO/OTA classification. Since the reli-
ability of this classification was unknown, intraobserver or
interobserver errors might appear during the evaluation.
Third, as most of the measurements depended on radio-
graphic analysis, the quality of radiographs might exert
influence on the results. Rotational differences in x-ray
position could lead to differences in the measurements of
loss of reduction and blade migration of the screw or blade.
Therefore, we used a relative value of 10 mm of migration
and 10° of varus angulation as significant. Although the
value was lack of evidence support, we finally achieve the
ability to identify those dramatic complications.

To summarize, our findings demonstrated that local hip
bone density does not appear to have a significant influence
on MF after internal fixation of pertrochanteric fractures,
whereas unstable fractures and poor reduction of the frac-
tures may potentially predict increased failure risk. How-
ever, further randomized control trials are needed to
support our results.
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