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Abstract

Objective: This study was performed to investigate the reliability of the height of pertrochan-

teric fractures as a predictor of lateral wall fractures after cephalomedullary nailing and provide a

simple way to determine the threshold value.

Methods: We performed a prospective randomized clinical study of 50 consecutive patients

who underwent measurement of the height of the pertrochanteric fracture and the tangent line

to the superior margin of the contralateral femoral neck. The preoperative and postoperative

integrity of the lateral wall was evaluated by computed tomography.

Results: The pertrochanteric fracture height was significantly lower in patients with than without

intraoperative lateral wall fractures (15.6 vs. 28.5 mm, respectively). The threshold value of the

fracture height was 20.445 mm, which was not significantly different from the mean height of the

tangent line of the superior margin of the contralateral femoral neck (19.4 mm).

Conclusions: Pertrochanteric fractures with the proximal starting point lower than the mirror

position of the tangent line to the superior margin of the contralateral femoral neck have a higher

risk of intraoperative lateral wall fractures during cephalomedullary nailing.
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Introduction

Pertrochanteric fractures are one of the
most common types of fracture, especially
in the growing population of older people
with osteoporosis. Surgical treatments are
usually considered the most effective ways
to restore the patient’s prefracture activity
and decrease the mortality rate. Although
various surgical techniques have been
employed, early fixation failure still occurs
and may adversely affect the prognosis of
these patients. Several factors are reported-
ly involved in the breakdown of pertro-
chanteric fractures, including fracture
instability, poor bone quality, and inappro-
priate treatments.1–3 Intraoperative lateral
wall fractures are strongly associated with
higher rates of prolonged union and reop-
eration in fractures treated with dynamic
hip screws (DHS).4–9 An intact lateral fem-
oral wall prevents excessive collapse and
provides rotational stability of the fracture.
If iatrogenic lateral wall fractures occur, a
simple pertrochanteric fracture can be con-
verted into an unstable reverse one, possibly
resulting in malunion or nonunion.10

Cephalomedullary nails (CMNs) have
recently become the most popular internal
fixation devices for the treatment of pertro-
chanteric fractures, especially unstable frac-
tures.11,12 The popularity of CMNs derives
from the belief that these intramedullary
implants are less invasive and may provide
more biomechanical stability than
DHS.13–16 Furthermore, CMNs are
believed to be more appropriate for pertro-
chanteric fractures that are accompanied by
lateral wall fractures because the proximal
end of the nails may act as the lateral wall
to buttress the proximal fragments.13,17,18

However, several mechanical instability-

related failures may occur following CMN
fixation of pertrochanteric fractures with
lateral wall fractures.18–21 Gao et al.17

reported a 4.69% failure rate of using
CMNs in the treatment of this type of frac-
ture, although this rate is significantly lower
than that of fractures treated with DHS. In
another series, screw cut-out was observed
in 7.8% of the patients treated with CMNs
without lateral wall reconstruction.18 When
the load is forced to the femoral head, an
intact lateral wall can offer the lateral point
of three force-bearing points for the lag
screw and provide compressive resistance
to the lateral side of the lag screw. In com-
minuted fractures, the lag screw merely
anchors the nail to the proximal fragment,
and the excessive load may result in implant
failure. One retrospective study showed that
the incidence of iatrogenic fracture after
cephalomedullary nailing was similar to
that after fixation by DHS.22 Therefore,
precise preoperative prediction will help
surgeons to be cautious of the risk of lateral
wall fracture during cephalomedullary nail-
ing. Although previous studies have focused
on preoperative predictors of lateral wall
fractures during fixation with DHS, none
have done so for fixation with CMNs.23–26

Lower pertrochanteric fractures report-
edly have a higher risk of lateral wall frac-
tures when using DHS because the
proximal end of the fracture line is near
the lag screw insertion site.24,27 In this
study, we investigated the reliability of the
height of pertrochanteric fractures as a pre-
dictor of intraoperative lateral wall frac-
tures after cephalomedullary nailing and
provide a simple way to determine the
threshold value. We hypothesized that
patients with lower fractures have a higher
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risk of intraoperative lateral wall fractures

and that the height of the tangent line to the

contralateral superior femoral neck may be

relative to the threshold value. These find-

ings may help surgeons to prevent intrao-

perative lateral wall fractures and provide

proper postoperative rehabilitation.

Materials and methods

Patients and methods

This prospective randomized clinical study

involved consecutive patients admitted to

our trauma center for surgical treatment

of pertrochanteric fractures from August

2014 to February 2015. All patients were

preoperatively evaluated with plain radio-

graphs and computed tomography (CT)

scans. Only fractures starting from the lat-

eral femoral cortex proximal to the vastus

ridge were included in the study (AO/OTA

31-A1 or A2). The exclusion criteria were

type A3 fractures, pathologic fractures, pre-

vious fractures at the proximal femur, mul-

tiple fractures, periprosthetic fractures, and

preoperative fractures of the lateral wall.

All patients underwent closed reduction

and internal fixation using the third-

generation Gamma nail (Gamma3;

Stryker, Kalamazoo, MI, USA) or

INTERTAN nail (Smith & Nephew,

London, UK). The choice of implant

mainly depended on the patient’s general

status; Gamma3 nails were used for

patients with an American Society of

Anesthesiologists score of 3 or 4 to decrease

the blood loss volume and operating time.

This study was approved by the Ethics

Committee of Shanghai Jiao Tong

University Affiliated Sixth People’s

Hospital. Informed consent was obtained

from all patients.

Surgical procedures

All surgeries were performed by two senior
orthopedic surgeons who were experienced in
the cephalomedullary nailing technique. The
fractures were treated by closed reduction
with continuous traction under fluoroscopic
control. Both types of CMNs were intro-
duced with similar techniques based on the
standard protocol. Briefly, a guide needle was
inserted into the marrow cavity of the femur
through the apex of the greater trochanter,
and the proximal part was reamed. The nail
was then driven into the bone and checked
fluoroscopically in both planes. When using
the Gamma3 nail, a guidewire was intro-
duced into the center of the head/neck frag-
ment, and the lag screw was advanced close
to the subchondral bone without penetration.
When using the INTERTAN nail, an anti-
rotation rod was advanced with a guidewire,
and a lag screw of appropriate length was
inserted. A compression screw was then
screwed closely beneath the lag screw. The
distal interlocked screw was routinely
inserted through the drill guide. Only short
nails were used in this series.

Postoperative treatment

Pain control and venous thromboembolism
prophylaxis were routinely used. Patients
were encouraged to bear partial weight as
early as possible. On the first postoperative
day, each patient underwent an X-ray
examination and CT scan to determine the
integrity of the lateral wall.

Radiological evaluation

An intraoperative lateral wall fracture was
defined as the presence of new fracture lines
or bone defects occurring at the lag screw
insertion site or lateral displacement of a
fracture fragment on the postoperative CT
image.27 The vastus ridge is the watershed
of cortical and cancellous bone. To evaluate
the height of the fractures, we marked the
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point at which the fracture line started from

the lateral cortex and then measured the

distance from this point to the vastus

ridge on a plain pelvic radiograph

(Figure 1(a)). We referred to the CT

images to determine the starting point at

which the fracture line was not well seen

on plain radiographs, especially in patients

with displaced greater trochanters. On the

contralateral side, we measured the height

of the tangent line along the superior

margin of the femoral neck. For this mea-

surement, we drew a tangent line to the

curve of the tensile trabeculae along the

superior margin of the femoral neck, and

we then measured the distance from the

point at which the tangent line met the lat-

eral cortex of the proximal femur to the

vastus ridge (Figure 1(b)). The tip–apex dis-

tance (TAD) was also measured according

to the method described by Baumgaertner

et al.28 Two well-trained surgeons who were

blinded to the research protocol performed

all measurements independently. The mean

values of both observers’ measurements

were calculated for the statistical analyses.

Statistical analysis

Statistical analysis was performed using

SPSS version 11.5 (SPSS Inc., Chicago,

IL, USA). Student’s t-test was used for

interval data (age, the height of the fracture

(H1), the height of the tangent line (H2) and

TAD). The chi-square test was used for cat-

egorical data (sex, side injured, fracture

classification, and rate of lateral wall frac-

ture). Receiver operating characteristic

curves were used to determine the cut-off

value for the fracture height. Findings

were considered statistically significant if

the P-value was <0.05 (two-sided).

Results

Fifty consecutive patients with pertrochan-

teric fractures were included in this study

Figure 1. (a) The height of the fracture (H1) was defined as the distance from the point at which the
fracture line started at the lateral cortex of the proximal femur to the vastus ridge. (b) On the contralateral
side, we drew a tangent line (TL) to the curve of the tensile trabeculae (TT) along the superior margin of the
femoral neck. The height of the tangent line (H2) was measured from the point at which the tangent line
crossed the lateral cortex of the proximal femur to the vastus ridge.
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(A1, n¼ 20; A2, n¼ 30). The patients com-
prised 17 men and 33 women with a mean
age of 74.9 years (range, 47 to 94 years). All
patients underwent an operation within 7
days (range, 2 to 7 days; mean, 2.9 days)
after injury. The detailed data of all patients
according to the postoperative integrity of
the lateral wall are summarized in Table 1.
Intraoperative fractures of the lateral wall
occurred in 17 patients (34%). The patients’
variables (age, sex, and fracture side) had
no relationship with the development of
intraoperative lateral wall fractures. The
mean pertrochanteric fracture height was
significantly lower in patients with than
without intraoperative lateral wall fractures
(15.6 vs. 28.5 mm, respectively;
P¼ 0.00000004). The incidence of intrao-
perative lateral wall fractures was signifi-
cantly higher in A2 fractures (14 of 30)
than in A1 fractures (3 of 20) (v2¼ 5.36,
P¼ 0.021). The mean height of A1 fractures
was 29.4 mm (range, 13.2 to 42.7 mm),
which was significantly higher than the

mean height of A2 fractures (20.5 mm;
range, 0.0 to 39.4 mm) (P¼ 0.0003).

Further stratification of the data
revealed that the pertrochanteric fracture
height still significantly contributed to lat-
eral wall fractures in both A1 (P¼ 0.004)
and A2 fractures (P¼ 0.0001) (Figure 2).
For A1 fractures, the mean pertrochanteric
fracture height in patients with intraopera-
tive lateral wall fractures was 19.1 mm
(range, 13.2 to 24.5 mm), which was signif-
icantly lower than that in patients without
intraoperative lateral wall fractures (mean,
31.2 mm; range, 22.5 to 42.7 mm).
Similarly, for A2 fractures, the mean per-
trochanteric fracture height in 14 patients
with intraoperative lateral wall fractures
was 14.9 mm (range, 0.0 to 25.5 mm),
which was also significantly lower than
that in patients without intraoperative lat-
eral wall fractures (25.5 mm; range, 12.8 to
39.4 mm) (Figure 2). We used a receiver
operating characteristic curve to estimate
the threshold value of the pertrochanteric

Table 1. Comparison of patients with and without lateral wall fracture after fixation of intertrochanteric
fracture by cephalomedullary nailing.

Total Fractured lateral wall Intact lateral wall P-value

Patients 50 17 33

Age, years 74.9 (47–94) 77.0 (54–92) 73.8 (47–94) 0.402

Sex 0.080

Male 17 3 14

Female 33 14 19

Fracture side 0.777

Left 31 11 20

Right 19 6 13

Fracture height, mm 24.1 (0.0–42.7) 15.6 (0.0–25.5) 28.5 (12.8–42.7) 0.00000004**

AO/OTA classification 0.021*

31-A1 20 3 17

31-A2 30 14 16

Tip–apex distance, mm 19.1 (9.5–35.1) 16.8 (11.3–22.7) 20.2 (9.5–35.1) 0.024*

Implant 0.369

INTERTAN 31 12 19

Gamma3 19 5 14

Data are presented as n or mean (range).

*P< 0.05

**P< 0.01

Dai et al. 5



fracture height that could predict intraoper-

ative lateral wall fractures. When the value

was set at 20.445 mm, the sensitivity was

90.9% and specificity was 88.2% (Figure

3). The area under the curve was 0.925,

which was statistically significant

(P< 0.0001).
The height of the superior margin’s tan-

gent line of the femoral neck was 19.4� 3.16

mm (range, 13.2–25.7 mm), which was not

significantly different from the above-

mentioned threshold value of 20.445 mm

that could predict intraoperative lateral

wall fractures (one-sample t-test).
The mean TAD of the patients with lat-

eral wall fractures was 16.8 mm (range, 11.3

to 22.7 mm), which was shorter than that of

patients without lateral wall fractures

(20.2mm; range, 9.5 to 35.1mm)

(P¼ 0.024). There was no significant differ-

ence in the incidence of intraoperative lat-

eral wall fractures between the patients

treated with the INTERTAN nail (12 of

31, 38.7%) and those treated with the

Gamma3 nail (5 of 19, 26.3%) (Table 1).

Discussion

In this study, we found that the height of

the fracture line in type A1 and A2 pertro-

chanteric fractures may predict the occur-

rence of intraoperative lateral wall

fractures after cephalomedullary nailing.

In lower fractures, there is a decreased

volume of lateral walls with only a narrow

cortical bridge left for insertion of the lag

screws; as a result, the risk of intraoperative

lateral wall fractures is higher. Previous

studies have revealed that lateral wall frac-

tures occur more frequently in unstable

fractures than in simple fractures when

using DHS.6,26,29 Hsu et al.26 considered

that these results were caused by the thinner

lateral wall and comminution of the poster-

omedial fragment in the presence of unsta-

ble fractures. Our results showed that the

incidence of iatrogenic fractures was also

significantly higher in A2 than A1 fractures

(46.7% vs. 15.0%, respectively) when using

CMNs. This is consistent with a previous

Figure 2. In both the A1 and A2 subgroups, the
pertrochanteric fracture height was lower in
patients with than without lateral wall fractures.
**P< 0.01.

Figure 3. Receiver operating characteristic curve
showing the sensitivity against 100� specificity.
When the fracture height was set at a value of
20.445 mm, the sensitivity was 90.9% and specificity
was 88.2%. The area under the curve was 0.925,
which was statistically significant.
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retrospective study in which the A2 frac-
tures accounted for 72% of the patients
with intraoperative lateral wall fractures
after fixation by CMNs.22 The reason is
that A2 fractures usually have a lower frac-
ture line, which is generally accompanied by
a thinner lateral wall and smaller circumfer-
ence. Therefore, less cortical bone stock is
left for insertion of a lag screw through the
lateral wall than in A1 fractures.

A recent CT-based study concluded that
a height of <16.8 mm is associated with a
higher incidence of intraoperative lateral
wall fractures in patients with AO/OTA
A2 pertrochanteric fractures treated with
DHS.27 We demonstrated that the thresh-
old height of 20.445 mm is a reliable predic-
tor of iatrogenic lateral wall fractures when
using CMNs. When the height is less than
this value, surgeons must be aware of the
higher risk of iatrogenic lateral wall frac-
tures and pay more attention to surgical
procedures and implants that can help to
avoid such fractures.

Although we identified a precise height
of the fracture line with which to predict
intraoperative lateral wall fractures, it is
still inconvenient to perform radiographic
measurements for all patients.
Furthermore, the size and shape of the
femur may influence this value. A simple
method is essential to determine the loca-
tion of the threshold height on proximal
femurs. We measured the height of the tan-
gent line of the contralateral superior
femoral neck with a mean length of 19.4
mm, which was not significantly different
from the threshold mentioned above
(20.445 mm). Thus, we believe that the
height of the tangent line may indicate the
threshold value of the height of the fracture,
and the point at which the tangent line
extends to the proximal lateral femoral
cortex is the corresponding position of the
threshold value of 20.445 mm. This finding
means that surgeons can use the height of
the tangent to the superior femoral neck to

predict the occurrence of intraoperative lat-
eral wall fractures. The risk of iatrogenic
fractures is higher when the starting point
of the fractures is lower than the mirrored
point where the tangent line meets on the
contralateral lateral femur.

Boopalan et al.22 found no significant
difference in the TAD between the two
groups. In the present study, however, we
found that the mean TAD was significantly
shorter in patients with than without lateral
wall fractures. Because the TAD is usually
considered one of the strongest predictors
of cut-out failure after cephalomedullary
nailing of pertrochanteric fractures, we
believe that this result may be attributed
to surgeons’ repetitive pursuit to attain the
best TAD, thus ignoring the screw entrance
point.30 An excessive posterolateral starting
entry for reaming and lag screw insertion
may increase the risk of lateral wall frac-
tures. Surgeons should maintain a careful
balance between the TAD and the potential
occurrence of lateral wall fractures.

Caiaffa et al.31,32 recently confirmed that
pertrochanteric fractures can be treated suc-
cessfully using CMNs without distal inter-
locking screws. For patients with a very
wide medullary cavity or an unstable four-
part fracture, however, distal interlocking
screws may increase the biomechanical sta-
bility, especially the failure rotational
load.33 Furthermore, the interlocking
screw may decrease the impact of nail
impingement with the cortical bone in
patients with a large femoral anterior
bow, which might lead to delayed union
or cut-out.34,35 To ensure uniformity of
the surgical treatment in this study, we rou-
tinely performed distal locking for all
patients.

This study had several limitations. First,
we did not report the final radiological and
functional outcomes of the fractures. The
purpose of this study was to identify a pre-
cise predictor of lateral wall fractures during
cephalomedullary nailing. Although
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previous studies identified no adverse effect

on healing by lateral wall fractures, a well-

designed randomized controlled trial is nec-

essary to further clarify the impact of this

type of iatrogenic fracture on the outcomes

of CMN fixation for pertrochanteric frac-

tures.22 Second, the selection of CMNs

with two different designs may have intro-

duced bias. The INTERTAN nail has a

larger dimension that might have increased

the risk of iatrogenic fracture.23 In this

study, the demographic and clinic character-

istics were similar between the patients who

underwent fixation with the two types of

CMNs. We found no significant benefit of

one system over another. The characteristics

of the fractures may have the greatest influ-

ence on the risk of intraoperative lateral wall

fractures.

Conclusions

The height of the pertrochanteric fracture is

a reliable predictor of the occurrence of

intraoperative lateral wall fractures during

cephalomedullary nailing. Surgeons can use

the height of the tangent line to the contra-

lateral superior femoral neck as the thresh-

old value, and fractures with a lower height

than this threshold may have a higher risk

of intraoperative lateral wall fractures.
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