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Abstract

Introduction Intramedullary nail fixation is a useful treat-

ment option for A3 intertrochanteric fractures. Occasionally,

we have encountered displaced lateral femoral wall (LFW)

fragment during surgery with intramedullary nail system.

We investigated the postoperative spontaneous reduction of

displaced LFW fragments without further fixation and the

factors that affected the spontaneous reduction of displaced

LFW fragments.

Materials and methods Forty-four patients with A3.3

intertrochanteric fracture were treated by surgery using

intramedullary nails (PFNA; Synthes, Paoli) between March

2007 and December 2012. All patients had a minimum fol-

low-up period of 12 months. We calculated the amount of

spontaneous reduction of the displaced LFW fragments from

immediate postoperative and last follow-up anteroposterior

radiographs. We measured the tilting angle of the LFW

fragment, tip–apex distance (TAD), and telescoping of the

blade, and evaluated the quality of postoperative reduction.

Results Twenty-five of the 44 patients had displaced

LFW fragments, and the average amount of spontaneous

reduction of the displaced LFW fragment was 4.8 mm with

statistical significance (p = 0.005). The average tilting

angle of all patients was -4.97�, telescoping was 6.83 mm,

and TAD was 19.77 mm. Twenty-one patients had good

quality of reduction, 21 had acceptable quality, and 2 had

poor quality. Multivariate logistic regression analysis for

these factors indicated that tilting angle was the only sig-

nificant factor related to spontaneous reduction of a dis-

placed LFW fragment (p = 0.007, odds ratio = 1.336).

Conclusions In intramedullary nailing of A3.3 inter-

trochanteric fractures, the displaced LFW fragments tend to

reduce spontaneously without any additional fixation during

the postoperative period. We conclude that no additional

fixation is needed for the displaced LFW fragment after

surgery with intramedullary nail.

Keywords Intertrochanteric fracture � Lateral femoral

wall � AO-OTA classification � Proximal femoral nailing

Introduction

Most intertrochanteric fractures require surgical treatment and

internal fixation with a sliding hip screw after anatomical

reduction [1–3]. The lateral femoral wall (LFW), which refers

to the lateral femoral cortex distal to the vastus ridge, provides

a buttress for sliding of the proximal fragment [4]. Therefore,

breakage of the LFW in intertrochanteric fractures is an

important contributor to distinguish 31-A3 fractures from

31-A2 fractures according to the AO-OTA classification [5].

The 31 A3.3 intertrochanteric fracture has a unique fracture

geometry that makes this specific fracture type more unstable

than other subtypes of 31 A3 fractures. In 31 A3.3 fractures,

themain fracture line runs along the intertrochanteric linewith

two additional fractures—a lesser trochanteric fragment with

posteromedial defect, and a broken LFW. This combination
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constitutes a four-part unstable intertrochanteric fracture with

a free LFW fragment (Fig. 1). Fixation of this A3.3 fractures

with a sliding hip screwoften results in excessive sliding of the

proximal fragment leading to medial translation of the distal

shaft fragment relative to the proximal fragment and causing

complications such as cutout of the head, implant failure, and

functional impairment [6, 7]. For these reasons, a trochanteric-

stabilizing plate (TSP)was introduced and demonstrated to be

effective through biomechanical and clinical study [8, 9].

However, applying a TSP causes additional soft tissue dis-

section, bleeding, and increased surgical time. Cephalome-

dullary nailing is a useful option for these 31 A3.3 fractures,

because the nail itself acts as a lateral buttress and prevents

excessive sliding of the proximal fragment or medial

translation of the distal shaft fragment [10–13]. In spite of this

potential advantage of a nail over a dynamic hip screw, there is

concern regarding the stability and healing of the free LFW

fragment that cannot be stabilized by nailing. To our knowl-

edge, there is noprevious study specifically evaluating the fate

of the free LFW fragment after cephalomedullary nailing of

31 A3.3 intertrochanteric fractures. In this study, we investi-

gated postoperative spontaneous reduction of displaced free

LFW fragments and the factors that affected the spontaneous

reduction of the displaced free LFW fragment.

Materials and methods

We retrieved 66 cases of AO-OTA-classified 31 A3

intertrochanteric fractures from our hospital’s trauma

database between March 2007 and December 2012. The

inclusion criteria included (1) acute fractures (\2 weeks

from injury), (2) cephalomedullary nailing with 130 degree

of blade angle without additional fixation (PFNA; Synthes,

Paoli), (3) a minimum follow-up period of 12 months or

until the time of failure leading to revision surgery, (4)

radiological healing at the time of final follow-up, and (5)

presence of a 31 A3.3 fracture according to AO-OTA

classification. One patient was excluded because com-

minution extended into the femur neck, five died within

1 year from other causes after discharge from the hospital,

eight were lost to follow-up, two underwent additional

wiring around the LFW, one was treated with plating, and

one was not able to undergo surgery because of serious

comorbidities. Four patients had A3.1 or A3.2 fractures and

were excluded as well. Therefore, 22 patients were exclu-

ded by our inclusion criteria, and 44 patients were included

Fig. 1 Unique fracture geometry of A3.3 distinguished from A3.1 or

A3.2. Simple oblique fracture of A3.1 (a) and extension of the main

fracture to the greater trochanter (white arrow), creating a free LFW

fragment (b)

Fig. 2 Flow sheet of the material selection process and design of the study group
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in our study group (Fig. 2). There were 21 men and 23

women with a mean age at operation of 66 years (range

24–97 years). The mean follow-up period was 18.2 months

(range 12–50 months). The right side was affected in 22

patients and the left side in 22.

The 44 patients in the study were divided into two

groups depending on the displacement of the LFW frag-

ment: a minimally displaced group (19 patients) with a

\4 mm laterally displaced distal apex of the LFW frag-

ment and a displaced group (25 patients) with a more than

4 mm laterally displaced distal apex of the LFW fragment.

We categorized the minimal displaced group as having no

fragment spontaneous reduction and measured the amount

of postoperative spontaneous reduction of the displaced

LFW fragment for the displaced group. We also measured

the tilting angle of the LFW fragment, tip–apex distance

(TAD), and telescoping of blade, and evaluated the quality

of postoperative reduction for all 44 patients.

Radiographic measurements

Two measurements were obtained: the perpendicular dis-

tance from the apex of the LFWfragment to the lateral border

of the nail on the immediate postoperative anteroposterior

radiograph, and the perpendicular distance from the lateral

femoral cortex (at the same level as the postoperative mea-

surement) to the lateral border of the nail on the anteropos-

terior radiograph of the latest follow-up (Fig. 3). We

corrected for variation in radiological magnification and

rotation using comparison between the real blade length and

themeasured blade length.We defined the tilting angle of the

LFW fragment as the angle between a straight line drawn

from the vastus ridge to the apex of the LFW fragment and

the lateral border of the nail on an immediate postoperative

anteroposterior radiograph (Fig. 4). The TAD and tele-

scoping value were measured according to the method

described by Baumgaertner et al. [14] on an immediate

postoperative radiograph and Gardner et al. [15] on imme-

diate postoperative and last follow-up radiographs. TADwas

defined as the sum of the distance from the tip of the blade to

the apex of the femoral head on the anteroposterior and lat-

eral radiographs. Telescoping was defined as the distance

from the lateral border of the nail to the blade end along the

blade (Fig. 5). We considered sliding of the proximal frag-

ment as the difference in telescoping between the immediate

postoperative radiograph and the last follow-up radiograph.

The quality of postoperative reduction was graded as good,

acceptable, and poor (Table 1) [16, 17].

All measurements were performed using the picture

archiving and communication system (PACS, Pi View Star,

Infinitt, Seoul, Korea) by two orthopedic trauma fellows and

one orthopedic senior resident. The mean value of the three

observers’ measurements was used for statistical analysis.

Statistical analysis

Clinical information including age, gender, amount of post-

operative spontaneous reduction of LFW fragment, tilting

angle of LFW fragment, TAD and telescoping of blade, and

quality of postoperative reductionwere subjected to statistical

analysis (IBM� SPSS version 19).We used the paired t test to

demonstrate the postoperative spontaneous reduction of

Fig. 3 Measurement of LFW displacement. Immediate postoperative

AP view (a) and last follow-up (postoperative 17 months) AP view

(b). a Perpendicular distance from the apex of the LFW fragment to

the lateral border of the nail. A’ perpendicular distance from the

lateral femoral cortex (at the same level as the postoperative

measurement) to the lateral border of the nail. b B’ distance from

the tip of the nail to the point crossed by the blade along the lateral

border of the nail. c Level of measurement, distance from the tip of

the nail to the point crossed by a perpendicular line drawn from the

distal apex of the LFW fragment along the lateral border of the nail.

C’ level of measurement, C’ = C 9 B’/B. We used B’/B as a

constant of correction to designate the same level with the previous

measurement on the immediate postoperative AP view

Fig. 4 The tilting angle, the angle between a straight line drawn from

the vastus ridge to the apex of the LFW fragment (continuous line)

and the lateral border of the nail (dotted line)
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displaced LFW fragment with rejection of our null hypothesis

‘‘There is no change in displacement between immediate

postoperative radiograph and last follow-up radiograph.’’

Student’s t test, Mann–Whitney test, Chi Square test, and

Fisher’s exact test were used to investigate the variables

related to spontaneous reduction according to the characters

of the variables. Simple and multivariate logistic regression

analyses were used to identify factors that affected postop-

erative spontaneous reduction of the LFW fragment.

Results

The results of our study demonstrate that the amount of

postoperative spontaneous reduction of a displaced LFW

fragment was 4.80 mm and that it was statistically significant

(Table 2). Four patients of the 25 patients in this displaced

group had no postoperative spontaneous reduction. The data

from all 44 patients in the study group are summarized in

Table 3. The mean tilting angle of all patients was -4.97�,
mean sliding was 6.83 mm, and the mean TAD was

19.77 mm. Twenty-one patients showed good quality of

reduction, 21 had acceptable quality, and 2 had poor quality

of reduction. The mean age of the 21 patients with postop-

erative spontaneous reduction was 60.4 years, whereas the

23 patients without postoperative spontaneous reduction had

an age of 71.7 years (p = 0.039, Mann–Whitney test). The

mean tilting angle was 4.86 degrees in the 21 patients with

postoperative spontaneous reduction and -13.95� in the 23

patients without postoperative spontaneous reduction

(p\ 0.0001, Student’s t test). These two variables showed

statistically significant differences between patients with

postoperative spontaneous reduction and those without

postoperative spontaneous reduction (p\ 0.05). Other

variables such as gender, TAD, sliding, and quality of

reduction had no statistical difference (Table 3). We found

that the tilting angle was the only variable related to post-

operative spontaneous reduction through univariate and

multivariate logistic regression analysis (p = 0.007, odds

ratio = 1.336, 95 % CI; 1.082–1.652).

Discussion

This is the first study to investigate the radiologic healing

process of the LFW fragment after surgery using intrame-

dullary nail for A3.3 intertrochanteric fracture. We demon-

strate here that the laterally displaced LFW fragments found

in intramedullary nailing of A3.3 intertrochanteric fractures

Fig. 5 Telescoping = measured telescoping (a) 9true blade length/

measured blade length (b)

Table 1 Quality of

postoperative reduction
I. Alignment [16]

a. Anteroposterior view: normal cervicodiaphyseal angle or slight valgus

b. Lateral view: less than 20 degrees of angulation

II. Displacement of main fragments [17]

a. Anteroposterior view: displacement less than 1 cortical thickness on medical cortex

b. Lateral view: displacement less than 1 cortical thickness on anterior cortex

Good, both criteria of alignment and both criteria of displacement

Acceptable, both criteria of alignment and only one criterion of displacement

Poor, only one or neither criterion of alignment or neither criterion of displacement

Table 2 Postoperative spontaneous reduction of the LFW fragment with displacement (n = 25)

Initial displacement Last displacement Amount of spontaneous

reduction

p value

Displaced group (mm, range) 18.97 (10.68–30.78) 14.17 (7.99–21.84) 4.8 0.005*

Initial displacement was measured on the immediate postoperative anteroposterior radiograph

Final displacement was measured on the last follow-up anteroposterior radiograph

* Paired t test
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tend to reduce spontaneously without any additional fixation

during the postoperative period (Fig. 6).Moreover, the tilting

angle of the LFW fragment was a prognostic factor for

postoperative spontaneous reduction of the laterally displaced

LFW fragment. We suggest that there is no requirement to fix

the LFW fragment even when there is a temptation to fix it

due to displacement with a large tilting angle.

The integrity of the LFW in intertrochanteric fractures

plays an important role in choosing the type of implant. In the

past, the proximal femoral locked compression plate was

recommended for use in fixation of complex proximal femur

fractures such as A3 intertrochanteric fracture. However,

high rates of mechanical failure after fixation using locked

compression plate for those fractures were reported [18, 19].

LFW fracture can also occur intraoperatively or postopera-

tively. The incidence of LFW fracture treated with intra-

medullary nailing was 21 % intraoperatively and

postoperatively, similar to the incidence of LFW fracture

treated with sliding hip screw intraoperatively and postop-

eratively. However, the reoperation rate (4 %) after surgery

with intramedullary nailing because of LFW fracture

occurring intraoperatively or postoperatively was signifi-

cantly lower than that after surgery with sliding hip screw

(21 %) [20, 21]. Therefore, LFW reconstruction should be

Fig. 6 Spontaneous reduction of the LFW fragment after surgery with intramedullary nailing. Postoperative radiographs immediately after

surgery, 1 week after surgery, 1 month after surgery, and 12 months after surgery from the left side to the right side, respectively

Table 3 Overview of the 44 patients according to postoperative spontaneous reduction of the LFW fragment

Total (n = 44) Spontaneous reduction p value

Yes (n = 21) No (n = 23)

Mean age (years, range) 66 (24–97) 60.43 (26 to 86) 71.7 (24–97) 0.039*

Gender (n, %) 0.989**

Male 21 (47.7) 10 (47.6) 11 (52.4)

Female 23 (52.3) 11 (47.8) 12 (52.2)

Mean TAD (mm, range) 19.77 (9.67–34.64) 19.55 (9.67–34.64) 19.97 (13.76–32.59) 0.681***

Mean sliding (mm, range) 6.83 (0.84–24.90) 6.80 (0.84–24.90) 6.84 (1.66–15.61) 0.534*

Mean tilting angle (degree, range) -4.97 (-44.80–14.79) 4.86 (-7.45–14.79) -13.95 (-44.80–5.42) 0.000***

Quality of reduction (n, %) 0.876****

Good 21 (46.7) 11 (52.4) 10 (47.6)

Acceptable 21 (46.7) 9 (42.9) 12 (57.1)

Poor 2 (6.6) 1 (50) 1 (50)

Displacement (n, %)

Displaced 25 (56.8) 21 (84) 4 (16)

Minimally displaced 19 (43.2) 0 (0) 19 (100)

* Mann–Whitney test

** Chi-square test

*** Student’s t test

**** Fisher’s exact test
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performed when using a sliding hip screw for inter-

trochanteric fracture with LFW fracture [9], since it seems

that the integrity of the LFW has little effect on the healing

process after surgery with intramedullary nailing. This could

be because the nail functions act as a lateral buttress against

excessive sliding of the proximal fragment or medial trans-

lation of the distal shaft fragment by itself [13]. Nevertheless,

there is no clear guideline for management of a laterally

displaced LFW fragment. We expect that this study will help

surgeons make a decision in these situations.

We tried to identify the factors affecting postoperative

spontaneous reduction of the LFW fragment. The mean

sliding value in our study population was 6.61 mm, which is

slightly higher than that in previous studies [15, 22]. We had

three cases with excessive sliding over 15 mm and two

patients with postoperative spontaneous reduction. However,

we had no cases with complications such as cutout, cut

through or implant failure caused by excessive sliding. We

achieved bone union in all 44 cases, but 1 patient without

postoperative spontaneous reduction underwent autogenous

cancellous bone graft from the ipsilateral iliac crest to the

undersurface of the LFW fragment tail. Because a solid

union was observed between the main portions of the shaft

and the LFW fragment at the operation field, we included

that case in our study group. The mean TAD was 19.61 mm,

lower than the 25 mm previously shown to be generally

predictive of a successful result [23]. Out of 44 cases, 3

showed poor reduction, but bony union was achieved with-

out additional procedures in all three cases. Our statistical

analysis indicated that these three factors (sliding, TAD, and

quality of reduction) were not related to postoperative

spontaneous reduction of the LFW fragment.

We were unable to find clear reasons for postoperative

spontaneous reduction of the LFW fragment. We hypoth-

esize that recovery of vastus lateralis strength contributes

to movement of the LFW fragment because our results

indicate that the average age was significantly lower in the

group with spontaneous reduction than in the group with no

spontaneous reduction (Table 3). The tilting angle was the

only significant factor related to spontaneous reduction of

the LFW fragment. From this, we also hypothesize that

displaced LFW fragment with large tilting angle means it

has a reference point at the proximal apex near the main

greater trochanter fragment and this point may play a role

as a hinge of postoperative spontaneous reduction through

the recovery of vastus lateralis strength like closing a door.

If displaced LFW fragment has small tilting angle, it might

be an absolute free fragment. Therefore, it might be diffi-

cult for displaced LFW fragment with small tilting angle to

get spontaneous reduction into its original location,

because there is no reference point. However, further

studies related to muscle power and serial follow-up are

needed to demonstrate this presumption.

This study had several limitations. First, we only mea-

sured the distance between lateral cortices at the same

level on immediate postoperative anteroposterior radio-

graph and last follow-up anteroposterior radiograph. We

were unable to measure the distance between the distal

apices of the LFW fragment on the immediate postopera-

tive anteroposterior radiograph and last follow-up antero-

posterior radiograph, because the geometry of the fracture

site had changed during the union process. Second, the

postoperative spontaneous reduction of the LFW fragment

was only evaluated on one plane, not on a three-dimen-

sional scale. Third, we divided our 44 cases into two

groups based on a 4 mm displacement, because previous

studies included 4 mm of displacement as a criterion for

quality reduction [24, 25], and it would be difficult to

measure the postoperative spontaneous reduction of an

LFW fragment with less than 4 mm displacement. How-

ever, we may have introduced bias by comparing the

spontaneous reduction group with the no spontaneous

reduction group. Fourth, we had a broad range of follow-

up period from 12 months to 50 months. It means there

can be a measurement bias at the fracture site by further

bone remodeling beyond the 12th month. Generally, the

fracture-healing process is conventionally partitioned into

four stages, such as inflammation, soft callus formation,

hard callus formation, and bone remodeling. Most osteo-

genesis including formation of mineralized bone matrix is

achieved and soft callus changes to hard callus in the hard

callus formation stage. The woven bone hard callus

Fig. 7 A no spontaneous reduction case with a displaced LFW

fragment and large tilting angle. Union was achieved with callus

formation under the LFW fragment. Postoperative radiographs

immediately after surgery (a) and 12 months after surgery (b)
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changes into the original lamellar bone within the miner-

alized bone matrix made in the hard callus stage by a

coupled process of bone resorption and formation in the

bone remodeling stage through several weeks to even

several years [26]. Based on these, we can presume the 12

months is enough time to shape the final geometry of the

fracture site and that time is passed over for clinical union,

though it is in the middle of the remodeling stage.

Therefore, the broad range of follow-up period has just

minor influence on our results. Fifth, why four cases with a

displaced LFW and large tilting angle did not have post-

operative spontaneous reduction is not explained clearly

(Fig. 7). Sixth, this study did not include clinical or

functional outcomes. A further study is needed to clarify

these results. Seventh, the sample size was relatively small

and this study was a retrospective study.

Conclusions

In intramedullary nailing of A3.3 intertrochanteric frac-

tures, the displaced LFW fragments tend to reduce spon-

taneously without any additional fixation during the

postoperative period. We conclude that no additional fix-

ation is needed for the displaced LFW fragment after sur-

gery with intramedullary nail.
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