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Introduction

During the last two decades, bisphosphonates (BPs) have

Purpose: Recent literature has noted incidences of subtrochanteric atypical femoral fractures (AFFs) in
patients who have taken long-term bisphosphonates (BPs). Most cases of subtrochanteric AFFs have
been treated with intramedullary nailing and cases of delayed union have been reported. On the other
hand, there is no data available on the complications associated with endosteal thickening or cortical
thickening. This study evaluated the results of surgical treatment according to the endosteal thickening
of the lateral cortex in subtrochanteric AFFs.

Materials and Methods: Investigation was performed at the Department of Orthopaedic Surgery, Jeju
National University Hospital. The study consisted of patients with subtrochanteric AFFs, defined by the
American Society for Bone and Mineral Research (ASBMR) major criteria, who underwent intramedul-
lary nailing from March 2012 to October 2014. The cases were categorized into two groups based on
the presence of endosteal thickening. The evaluation included the demographic data, radiographic
data of initial reduction state, and duration of BPs.

Results: The demographic data and duration of BPs were similar in the two groups. On the other hand,
varus reduction (Group I: 12.5% vs. Group II: 78.9%; p=0.001), delayed union (Group I: 0% vs. Group
II: 70.0%; p=0.003), nonunion (Group I: 0% vs. Group II: 47.4%; p=0.017), and union time (Group
5.5 months vs. Group II: 8.3 months; p<0.001) were significantly different in the two groups.
Conclusion: Endosteal thickening of the lateral cortex in subtrochanteric AFFs was identified as an in-
dependent factor that decides the reduction of the fracture and nonunion. The endosteal thickening
should be removed to obtain anatomical alignment for successful surgical results.
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been the most commonly prescribed anti—resorptive agents
for the prevention of hip and vertebral fractures in osteopo—

rotic patients. However, prolonged BPs therapy was report—
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ed to be associated with atypical femoral fractures (AFFs) in
subtrochanteric and diaphyseal area.”™

The task force of the American Society for Bone and
Mineral Research (ASBMR) reported that a causal rela—
tionship between BPs and AFFs had not been established.”
However, recent reports have suggested that prolonged BPs
therapy may severely suppress bone turnover and impair
bone remodeling, eventually leading to accumulation of
micro—damage, which results in AFFs.”® The updated case
definition of AFFs is a fracture located along the femoral
diaphysis from just distal to the lesser trochanter to just
proximal to the supracondylar flare. These insufficiency
fractures can be seen on plain radiographs as simple trans—
verse patterns with unicortical beaking or flaring and hy—
pertrophy of the lateral cortex.*”

There is no established management protocol with strong
evidence for the AFFs."” However, a number of reports
suggest a multidisciplinary approach, including discontinu—
ation of BPs, adequate consumption of calcium and vitamin
D, and consideration of teriparatide, a recombinant form of

12 13
) )sug—

parathyroid hormone."” Banffy et al."” and Egol et al.
gested that non—operative management of AFFs has a high
likelihood of failure with the majority of impending frac—
tures progressing to complete fractures. However, surgical
treatment of AFFs is associated with a high rate of intra—
operative and post—operative complications. Compared to
the traditional femoral fractures, many literatures report
that AFFs are more frequently associated with delayed
union, nonunion, implant failure and reoperations.

We hypothesized that endosteal thickening of the lat—

eral cortex, can interfere with intramedullary reaming and

Table 1. ASBMR Task Force 2013 Case Definition of AFFs Baseline®

nailing. It consequently results in the varus reduction of
the fracture, resulting in postoperative complications such
as delayed union and nonunion. Therefore, we assessed
whether endosteal thickening of the lateral cortex affects
fracture reduction and surgical outcomes in subtrochanteric

AFFs treated with intramedullary devices.

Materials and Methods
1. Target patients and study design

Our study consisted of patients with AFFs, defined by
the ASBMR major criteria (Table 1) who underwent intra—
medullary nailing from March 2012 to October 2014 in Jeju
National University Hospital. Inclusion criteria were patients
with AFFs resulting from no or low—energy trauma, ages
of 50 years and older, and community ambulation. Injury
mechanism of fall was defined as a drop down from stand-
ing height or less. Patients were excluded if they had a clear
trauma history, pathologic fracture related to malignancy,
or metabolic bone disease other than osteoporosis.

A total 27 cases (22 patients) were included in this study.
The mean age was 66.1+6.8 years (range, 57-87 years).
The mean body mass index (BMI) was 24.3+3.3 kg/m’
(range, 19.8-32.1 kg/m”). The lowest bone mineral density
(BMD) of the contralateral hip was measured using dual
energy X-ray absorptiometry, and T—scores were used as
a reference. The lowest T—score of the contralateral hip as
—2.2%1.1 (range, —4.7 to 0.4). According to the American
Society of Anesthesiologist (ASA) classification, there were

14)

15, 8, and 4 patients in ASA class I, I1, and I, respectively.

Major features

« The fracture is associated with minimal or no trauma, as in a fall from a standing height or less.

« The fracture line originates at the lateral cortex and is substantially transverse in its orientation, although it may become oblique as it progresses

medially across the femur.

« Complete fractures extend through both cortices and may be associated with a medial spike; incomplete fractures involve only the lateral cortex.

« The fracture is noncomminuted or minimally.

« Localized periosteal or endosteal thickening of the lateral cortex is present at the fracture site (‘beaking’ or “flaring’).

Adapted from the article of Shane et al. (J Bone Miner Res, 29: 1-23, 2014) with original copyright holder’s permission.” ASBMR: American Society

for Bone and Mineral Research, AFFs: atypical femoral fractures.
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BPs have been used in all registered patients, with an aver—
age period of 4.7+2.4 years (range, 0.3-10 years). Alendro-
nate, was prescribed to 14 patients (63.6%), risedronate to
3 patients (13.6%), and ibandronate to 5 patients (22.7%).
Five patients took drug holidays from BPs for at least 1 year
due to a prolonged use. Prodromal symptoms developed in
16 of the 27 fractures (59.3%). The mean follow—up period
was 26.4415.8 months (range, 12-66 months). There were
11 cases with fractures on the right side and 16 cases with
fractures on the left side.

This is a retrospective case—control study in Jeju National
University Hospital. We obtained approval from institu—
tional review board of Jeju National University Hospital (IRB
No. 2019-09-001) and the informed consent was waived.

2. Surgical technique and implant

Every operation was performed under aseptic condi—
tions in accordance with the established procedure speci—
fied in the appropriate surgical technique manual. Closed
reduction was carried out on the fracture table for traction,
and quality of reduction was confirmed by fluoroscopy. If
adequate reduction could not be achieved by such method,

bone hooks or long forceps were used additionally to aid

anatomic reduction. The entry point of the nail on the

4
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antero—posterior (AP) and lateral (LAT) views were the tip
and midpoint of the greater trochanter, respectively. While
continually checking the aforementioned fluoroscopic views,
lag screws and blades were inserted into the center of the
femoral head. Every single procedure was performed by a
single experienced surgeon (K.W.N.).

The implants used in the surgery were Proximal Femoral
Nail Antirotation II, Expert Asian Femoral Nail (PFNA-
II, A2FN; DePuy Synthes, Oberdorf, Switzerland) and
long ITST nail (Intertrochanteric/Subtrochanteric Fixation
System; Zimmer, Warsaw, IN, USA). In this study, the sizes
of implant were classified as long and short on the basis of
240 mm. Sitting was allowed starting first postoperative day
while wheelchair and partial weight bearing was begun be-
tween the third and the seventh postoperative days depend-
ing on the degree of reduction, systemic condition and pain.
Weight bearing was gradually increased according to the

extent of fracture union on radiography.
3. Outcomes measurements

Cortical thickening, femoral bowing angle, fracture re—
duction status and bone union were evaluated for all par—
ticipating patients on plain radiographs at various points:

immediately after the surgery, postoperative 6th week,

W\

Fig. 1. (A) Atypical subtrochanteric frac-
ture in the right femur, antero-posterior
(AP) view. Endosteal thickening of the
lateral cortex at the fracture site is de-
picted by a white arrow. (B) Atypical sub-
trochanteric fracture in the left femur, AP
view. Endosteal thickening of the lateral
cortex at the fracture site is depicted by a
white arrow. (C) Atypical subtrochanteric
fracture in the right femur, AP view. The
lateral cortex thickness at the fracture site
does not differ from the distal part (white
arrowhead). (D) Atypical subtrochanteric
fracture in the left femur AP view. Peri-
osteal thickening of the lateral cortex is
observed, but endosteal cortical thicken-
ing is not observed (white arrowhead).
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postoperative 3rd, 6th and 12th months, and annually
henceforward. Endosteal cortical thickening is defined as
the increased cortical thickness of the fracture line just distal
to the fracture site and formation of endosteal callus, seen as
“beaking” or “flaring™ in the medial margin of the lateral
cortex (Fig. 1)."” In this study, patients without endosteal
cortical thickening were classified as group I, and patients
observed to have endosteal cortical thickening in the frac—

ture site were classified as group II.

Fig. 2. (A) Coronal plane femoral bowing was measured as the angula-
tion between the proximal and distal quarters of the femoral diaphysis
in the femur antero-posterior view. (B) Sagittal plane femoral bowing
was measured as the angulation between the proximal and distal
quarters of the femoral diaphysis in the femur lateral view.
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The method described by Yau et al.'” was used to mea—
sure femoral bowing angles. According to this method,
femoral diaphysis was divided into 4 equal parts at the
coronal and sagittal planes. A line that best described the
midpoint of the endosteal canal was drawn in each quarter.
The overall coronal and sagittal femoral bowing were mea—
sured the angle between the proximal and distal quarters of
the femoral diaphysis in the AP and LAT views, respectively
(Fig. 2).

Radiologic union is defined as bridging of the fracture site
by callus or bone at a minimum of three cortices. Cortical
healing is assessed in four anatomic femur regions (medial,
lateral anterior and posterior) using AP and LAT views of
plain radiography (Fig. 3)."" Delayed union was defined as
lack of evidence of fracture site union even 6 months post—
operatively."” The reduction status was evaluated by com-—
paring the plain radiographs immediately after surgery with
contralateral side. A varus reduction was defined as angula—
tion of more than 10° at the fracture site in the subtrochan—
teric area (Fig. 4).”**” Angular deformity less than 10° at the
site of fracture was defined as acceptable reduction.

Radiological assessment was carried out by two observ—
ers (Y.H.R. and KW.N.), and the mean values were calcu—
lated. Evaluation and measurement of the plain radiographs

were done using a picture archiving and communication

N

Fig. 3. (A, B) Atypical subtrochan-
teric fracture in the left femur, antero-
posterior (AP) and lateral (LAT) views.
Shortening, varus deformation, and total
displacement of fracture were observed.
Endosteal thickening of the lateral cortex
at the fracture site is depicted by a white
arrowhead. (C, D) These are left femur
AP and LAT views taken nine months af-
ter surgery. The atypical subtrochanteric
fracture was fixed with a long cephalo-
medullary nail and cerclage cable. Callus
formation was observed at four cortical
regions (medial, lateral, anterior and pos-
terior cortex) in the fracture site marked
with white arrows.
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system (PACS) (INFINITT; INFINITT Healthcare, Seoul,

Korea).

4, Statistical analysis

The continuous variables between the group I and the
group Il were analyzed using the Student t—test and Mann—
Whitney test. In contrast, the chi-square test and Fisher’s
exact test were used for categorical variable analysis. Fur—
thermore, Fisher’s exact test and linear by linear association
with 95% confidence intervals were used in the univariate
analysis to assess the individual effects of nonunion. A mul—-
tiple logistic regression analysis was performed to identify
the independent nonunion predictors. Cox proportional
hazard model was used as a survival analysis for the union
differences between the two groups with an end point of
nonunion. Statistical analysis was performed using the IBM
SPSS Statistics (ver. 20.0; IBM Co., Armonk, NY, USA).

Statistical significance was defined as a p—value <0.05.

Results

There were 8 cases in group [ and 19 cases in group II.

Baseline characteristics such as age, height, weight, BMI,

Young Ho Roh, et al. I

Fig. 4. (A) Atypical subtrochanteric frac-
ture in the right femur, antero-posterior
(AP) view. (B) This is right femur AP view
taken immediately after surgery. The
atypical subtrochanteric fracture was
fixed with a long cephalo-medullary nail.
Compared to the contralateral side, 13
varus reduction was observed (asterisk).
(C) This is the right femur AP view taken
12 months after surgery. Breakage of
the distal interlocking screw (white ar-
row) and nonunion of the fracture are
observed. (D) This is the right femur AP
view after performing re-operation using
aplate.

Table 2. Baseline Characteristics Included in This Study

Variable Group | (n=8) Group Il (n=19) p-value
Age (yr) 68.0£9.2 65.4+5.6 0.367
Height (cm) 157.3+4.8 153.145.6 0.098
Weight (kg) 58653 55.7+8.1 0.368
BMI (kg/m?) 23.9+32 24634 0.621
BMD (T-score) -2.3+09 —2.2+12 0.952
ASA dlassification 0.506
1 4 (50.0) 11 (57.9)
2 2(25.0) 6(31.6)
B 2 (25.0) 2 (10.5)
Duration of BPs (yr) 5.4+31 4520 0.375
Presence of drug holiday 0.558
Yes 1(12.5) 4(21.0)
No 7 (87.5) 15 (78.9)
Prodromal symptoms 0.675
Yes 4 (50.0) 12 (63.2)
No 4 (50.0) 7 (36.8)
Follow-up (yr) 2.0+1.2 23+14 0.616
Side (right:left) 2:6 (25775) 9110 (47:53)  0.280

Values are presented as meantstandard deviation or number (%).
BMI: body mass index, BMD: bone mineral density, ASA: American
Society of Anesthesiologists, BPs: bisphosphonates.

BMD, duration of BPs, presence of BPs holiday, prodromal
symptoms and follow—up period did not differ significantly
between the two groups (Table 2).
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Implant type (p=0.655) and length (p=0.558) did not
differ significantly between the two groups. The coronal
plane femoral bowing angle was 3.2°£8.2° in group [ and
2.9°+4.6° in group II (p=0.933). The sagittal plane femoral
bowing angle was 11.4°+4.6° in group I and 10.4°+3.3°
in group II (p=0.570). Varus reduction occurred in total
16 cases, with 1 patient in group I and 15 cases in group
II. Varus reduction occurred significantly more in group II
(Group I: 12.5% vs. Group II: 78.9%; p<0.001), and they
all showed more than 10° at the fracture site. Nonunion
occurred in total 9 cases, all of them were group II and this
result statistically significant (Group I: 0% vs. Group 1I:
47.4%; p=0.017). All patients with nonunion were con—
tinuously observed in postoperative radiographs. Revision
surgery was performed on all the patients. Delayed union
occurred in total of 7 group II patients, and this result also
statistically significant (Group I: 0% vs. Group II: 70.0%;
p=0.003). The mean union time was observed to be 5.5+
1.1 months in group I and 8.3+1.6 months in group II. The
bone healing period was 2.8 months longer on average in
group II and it was statistically significant (p<0.001) (Table
3).

Table 3. Intra- and Postoperative Variables

Variable Group | (n=8) Group Il (n=19) p-value
Implant type 0.655
PENA-II 5(62.5) 13 (68.4)
A2FN 1(12.5) 3(15.8)
ITST 2 (25.0) 3(15.8)
Implant length 0.558
Long 6 (75.0) 13 (68.4)
Short 2 (25.0) 6(31.6)
Femur bowing (°)
Coronal plane 3.248.2 2.9+4.6 0.933
Sagittal plane 114146 10.443.3 0.570
Varus reduction 1(12.5) 15 (78.9) 0.001
Nonunion 0(0) 9 (47.4) 0.017
Delayed union* 0(0) 7/10 (70.0) 0.003
Union time (mo) 5.5%1.1 8.3+16 <0.001

Univariate analyses were used to assess the individual
effects of nonunion in all patients. A total of nine non—
unions occurred (33.3%). Age (p=0.231), BMI (p=0.153),
BMD (p=0.143), ASA classification (p=0.532), duration
of BPs (p=0.854), presence of BPs holiday (p=0.675), pro—
dromal symptoms (p=0.551), implant type (p=0.865), im—
plant length (p=0.550), and femur bowing (coronal plane;
p=0.626, sagittal plane; p=0.925) did not have statistically
significant associations. However, statistically significant
differences were observed for endosteal cortical thickening

(p=0.026) (Table 4).

Table 4. Univariate Comparison between the Union and Nonunion
Groups

Variable Union (n=18) Nonunion (n=9) p-value
Age (yr) 63.7+7.0 69.1+6.6 0.231
BMI (kg/m?) 229134 25.2+31 0.153
BMD (T-score) -2.0+0.8 —2.7+15 0.143
ASA classification 0.532
1 10 (55.6) 5 (55.6)
2 5(27.8) 3(33.3)
3 3(16.7) 1(11.1)
Duration of BPs (yr) 47426 49420 0.854
Presence of drug holiday 0.675
Yes 3(16.7) 2(222)
No 15 (83.3) 7(77.8)
Prodromal symptoms 0.551
Yes 11 (61.1) 5 (55.6)
No 7(38.9) 4 (44.4)
Cortical thickening 0.026
Yes 10 (55.6) 9 (100)
No 8(44.4) 0(0)
Implant type 0.865
PENA-II 12 (66.7) 6 (66.7)
A2FN 3(16.7) 1(11.0)
[TST 3(16.7) 2(22.2)
Implant length 0.550
Long 13(72.2) 6 (66.7)
Short 5(27.8) 3(33.3)
Femur bowing (°)
Coronal plane 3.446.3 2147 0.626
Sagittal plane 10.7¢4.7 10.8+2.9 0.925

Values are presented as meantstandard deviation or number (%).
*This subject was presented as a percentage of patients who were
finally bone healing. PFNA-II: Proximal Femoral Nail Antirotation II,
A2FN: Expert Asian Femoral Nail, ITST: Intertrochanteric/Subtrochan-
teric.
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Multiple logistic regression analyses performed to iden—
tify independent factors associated with nonunion with
variables found that endosteal cortical thickening was the
independent predictor of nonunion (odds ratio: 7.198; 95%
confidence interval: 1.718-30.154; p=0.007) (Table 5).

Cox proportional hazard model shows the difference
in survival curves between two groups for the nonunion

(p=0.025) (Fig. 5).

Discussion

Increased bone turnover and insufficient bone heal—
ing due to long—term BP use are the keys to understanding
the pathogenesis of AFFs.” Repeated micro-damage to the
lateral aspect of the femur, where withstands the maximal
tensile stress, also plays an important role. In a physiologic
femur model, Koch demonstrated how the highest tensile
stress falls upon on the lateral cortex in the subtrochanteric
region of femur.”” These features of the subtrochanteric
AFFs cause poor union rates and numerous postoperative

complications.

Table 5. Logistic Regression Analysis of Nonunion

Variable B value 95% Cl p-value
Age 0.956 0.885-1.033 0.257
BMI 0.789 0.611-1.018 0.068
BMD 0.813 0.753-1.125 0.192
Cortical thickening 7.198 1.718-30.154 0.007

Cl: confidence interval, BMI: body mass index, BMD: bone mineral
density.

Cox Proportional Hazard Survival Curves

Young Ho Roh, et al. I

The average bone union time of subtrochanteric AFFs

4,23,24) 1

is reported to be more than 8 months, onger than

that of the typical femoral fractures at an average of 3 to 6

1.”” has analyzed factors affect—

months.””® Prasarn et a
ing healing time in subtrochanteric AFFs and demonstrated
a 44% fracture healing complication rates in his series of
subtrochanteric AFFs, but most of those complications
were treated with plate fixation. In addition, a systematic
review by Koh et al.” has demonstrated that there was a
significantly greater need of revision surgery in plate fixa—
tion group over intramedullary nailing group (31.3% vs.
12.9%). The current surgical intervention of choice that al—
lows endochondral ossification for AFFs is intramedullary
nailing."*"” However, no specific intramedullary device was
advocated in current literature for the treatment of sub—
trochanteric AFFs. In our study, we used three models of
intramedullary nails, which fixation the femoral head with
single blade, single lag screw, and two lag screws. Spinelli

et al.?®

has demonstrated that in patients with osteoporosis
and a high risk of fracture in femur neck and intertro—
chanteric area, it may be advantageous to use a cephalo—
medullary nail for prevention.

Cephalo—medullary nails allow for static and dynamic
locking options on distal screws. Dynamically locked screws
have the advantage of providing rotational stability while
allowing for axial compression of the fracture. The dynamic
screw position can also be used to enhance the formation
of the callus if the fracture gap remains after nail insertion.

However, it has been proved that because the process of

100+

Survival Rates
B
1

Follow-up (months)

Fig. 5. Cox proportional hazard survival
curve (solid line: Group |, dotted line:
Group II).
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callus formation takes longer for AFFs, it may be safer to
select a static screw position. No large—scale studies have
been conducted to demonstrate superiority between distal
locking options, and there is no univocal consensus.”**”

Yang et al.*” have analyzed other factors that can po—
tentially affect healing time in AFFs. Subtrochanteric AFFs
commonly have disproportionate medullary space and
intramedullary device size when compared to AFFs that
occur in the femoral diaphysis. This can aggravate rota—
tional instability, and subtrochanteric AFFs are at a higher
risk of delayed union and nonunion. In our study, the total
nonunion rate was 33.3%, similar to the reported rate of
revision surgery due to nonunion or implants failure in vari—
ous studies.””*” Subtrochanteric AFFs tend to show much
higher rates of nonunion compared to two percent reported
in typical femoral fractures.”

Another possible variable for predicting a fixation failure
of the subtrochanteric AFFs is the reduction status. Egol et

al”?

reported that varus reduction of the fracture site re—
quired an average of 3.7 months or more for bone union
compared to that of acceptable reduction. In our study,
the radiological union time for group I was average of 5.5
months, and for group II was 8.3 months, indicating simi—
larity to that of the previous study. In addition, consider—
ing that the varus reduction rate was significantly higher in
group 11, it is logical to assume that the long union period
in group 1l was directly related to varus reduction. Lim et
al.* also reported the importance of acceptable reduction
in the healing of AFFs. The reduction status on the coronal
plane and the residual gap in the fracture area were im-
portant factors causing delayed union and nonunion. They
concluded that the remaining gap of more than 20% of the
cortical thickness on the anterior and lateral sides of the
fracture could cause problems with the bone union.

As demonstrated in this study, endosteal thickening of
the lateral cortex in subtrochanteric AFFs is a factor that
interferes with acceptable reduction and negatively affects
surgical outcomes. However, there are not many studies that
try to identify the factors affecting cortical thickness.***” It
has been postulated that cortical thickening is due to long—

term BPs use, but the study of Lenart et al.”” reported that
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cortical thickening was observed in AFF patients who had
never used BPs. In addition, Giusti et al.*® demonstrated
that cortical thickness is not different in AFF patients with
or without exposure to BP therapy and that cortical thick—
ness does not increase with prolonged use of BPs.

There was no mention in the literature about the direc—
tion of thickening the cortex. There have also been no pre—
vious studies on factors affecting endosteal cortical thicken—
ing. However, our study results show that the direction of
cortical thickness is closely related to the fracture reduction
and surgical results. The interesting fact is that one of the
patients in this study had a different direction in cortex
thickening between the two sides (Fig. 6).

There are several studies that have investigated on fac—
tors that promote fracture union and improve the results
of surgery in subtrochanteric AFFs. The ASBMR recom—
mended that the medullary canal should be over—reamed to
a minimum diameter of at least 2.5 mm larger than the in—
tramedullary nail diameter in order to prevent varus reduc—
tion and compensate for the narrow medullary diameter.” A
retrospective study of Lovy et al.*” has reported that percu—
taneous injections of bone marrow aspirate concentrate and
demineralized bone matrix on fracture sites can be used to

avoid delayed union and nonunion. Another study by Yeh

Fig. 6. Thickening of the lateral cortex in subtrochanteric regions is ob-
served on both sides. On the right side, both endosteal and periosteal
cortical thickening are observed (white arrows), whereas only perios-
teal cortical thickening is observed on the left side (white arrowhead).
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et al.*”

demonstrated that teriparatide treatment in patients
with subtrochanteric AFFs may help in fracture healing, hip
function recovery, and pain relief.

The advantage of our research is that it is a single cen—
ter research. All operations were performed by one skilled
orthopedic surgeon. This will produce consistent results in
surgery compared to studies involving multiple orthopedic
surgeons in multi center research. It can also reduce the
number of variables that can occur during the treatment
period, thereby increasing the reliability of this study. An—
other advantage of our research is use of inferential statisti—
cal analysis to enhance the validity of the conclusions made.

However, there are some limitations that need to be
acknowledged and addressed regarding this study. First,
the main limitation of the current study is its retrospective
design. There would be observer bias, including no stan—
dardized quality and duration of follow—up, missing data,
and inability to control confounding variables. Second, the
follow—up period is relatively short, leading to an inability
to represent long—term outcomes of subtrochanteric AFFs.
Third, due to the uncommon nature of these fractures, there
is a relatively small study population. Due to such limita—
tions, it was difficult to retain sufficient power for each
variable used for analysis in this study; consequently, future
study needs to compensate for such short comings to pro—

vide more concrete correlations.

Conclusion

This study suggests that femoral endosteal thicken—
ing of the lateral cortex in the fracture site is an obstacle
in intramedullary nail fixation for subtrochanteric AFFs.
Endosteal callus acts as a ‘malpositioned poller screw’, in—
terrupts reduction and contributes to varus deformation
during nail advancement. As a result, it is necessary to make
every effort to correct this as it is an independent factor in
increasing the delayed union and nonunion. The only strict
acceptable reduction is the key to successful management of
subtrochanteric AFFs. As such, intentionally excessive over—

reaming during operation is essential.

Young Ho Roh, et al. I
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