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CLINICAL ARTICLE

Comparison of proximal femoral nail antirotation blade
and reverse less invasive stabilization system-distal
femur systems in the treatment of proximal
femoral fractures

Ning Han MD'?, Gui-xin Sun MD"?, Zeng-chun Li MD"?, Guo-feng Li MD"?, Qing-you Lu MD'?,
Qing-hui Han MD'?, Xin Wei MD"?

'Department of Traumatology, and Institute of Trauma, Shanghai East Hospital, Tongji University, Shanghai, China

Objective: To compare the effects of proximal femoral nail antirotation blade (PFNA) and reverse less invasive
stabilization system-distal femur (Liss-DF) systems in the treatment of proximal femoral fractures.

Methods: Between June 2007 and October 2009, 41 proximal femoral fractures were treated, 22 with PFNA (group A)
and 19 with reverse LISS-DF plates (group B). The time to starting full weight-bearing, fracture healing time, functional
recovery (Parker and Palmer mobility score), neck-shaft angle discrepancies with the intact contralateral hip, preopera-
tive American Society of Anesthesiologists (ASA) scores, the operation durations and amount of intraoperative bleeding
were recorded and compared.

Results: The mean follow-up period was 11.2 months (range, 10-12 months). Compared with Group A, Group B
showed a statistically longer mean time to bear full body weight and heal their fractures, but a smaller neck-shaft angle
discrepancy (all P < 0.05). The groups were similar in ASA score, operation duration, amount of intraoperative bleeding
and Parker and Palmer mobility score.

Conclusion: Both PFNA and reverse Liss-DF were satisfactory for the treatment of proximal femoral fractures, but
had different advantages. PENA allowed earlier weight-bearing and accelerated fracture healing. Reverse Liss-DF more
effectively avoided coxa vara and may be indicated for patients with very severe osteoporosis.

Key words: Bone; Comparative study; Femur; Fractures; Treatment outcome

Introduction development of implants for unstable proximal femoral
fractures.

In 2004, proximal femoral nail antirotation (PFNA) was
designed to improve rotational and angular stability. This
has one helical blade which has been biomechanically
demonstrated to result in significantly higher cut-out
resistance in osteoporotic bone, thus making earlier
weight-bearing possible’. However, the incidence of post-
operative coxa vara is reported to have remained at
approximately 2.0%-3.6%>*. Recently, the less invasive
stabilization system-distal femur (Liss—DF) was reported

With aging of the global population and an increase in
high-energy trauma, the incidence of proximal femoral
fractures has been increasing'. Early operative interven-
tion can shorten the time confined to bed, reduce the rate
of complications (decubitus ulcer, hypostatic pneumonia,
deep vein thrombosis or malunion) and decrease defor-
mity and mortality’. However, the application of internal
fixation is always associated with some complications,
such as coxa vara, hardware failure due to “cut-out” of the
femoral head screw, secondary limb shortening after L L

. i s : 3 to have been used reversed to permit minimal invasion
weight bearing and so on®". Therefore there is ongoing and produce satisfactory results in proximal femoral frac-
ture®. Sidhom et al. reported using a left-side “upside-

Address for correspondence Gui-xin Sun, MD, Department of down” Liss-DF plate to successfully unite a severe

Traumatology and Institute of Trauma, Shanghai East Hospital, Tongji
University, Shanghai, China 200120 Tel: 0086-21-38804518(4185);
Fax: 0086 21 58798999; Email: sunguixin@sina.com

Received: 25 October 2010; accepted 8 November 2010

DOI: 10.1111/1.1757-7861.2010.00118.x

© 2011 Tianjin Hospital and Blackwell Publishing Asia Pty Ltd

osteoporotic right proximal femoral fracture without cut-
out in proximal fragment fracture’. However, the time to
starting weight-bearing has to be postponed because this
system provides less strength resistance axial loading than



does PFNA*’. Therefore, the optimum method for treat-
ing proximal femoral fracture remains a matter of debate.

The aim of this study was to compare the clinical out-
comes of proximal femoral fractures after PFNA and
Liss-DF fixation.

Materials and Methods

Patients’ data

Between June 2007 and October 2009, 41 patients with
fresh, closed proximal femoral fractures were admitted to
our hospital. The patients first underwent tibial tubercle
traction and were treated for complications (e.g. shock,
hypertension, diabetes). They then underwent surgery
4-10 days (mean, 6 days) after admission. The patients
were divided into two groups. Group A (n = 22) under-
went internal fixation with the PENA system (Synthes,
Solothurn, Switzerland). This group comprised 9 patients
with intertrochanteric fractures (AO classification: 31-Al
in three patients, 31-A2 in five and 31-A3 in one) and 13
patients with subtrochanteric fractures (Seinsheimer clas-
sification: type II in seven patients, type III in four and
type IV in two). Group B (n = 19) underwent internal
fixation with the Liss-DF system (Synthes). This group
comprised 12 patients with subtrochanteric fractures
(Seinsheimer classification: type II in two patients, type I1I
in two and type V in eight) and seven patients with inter-
trochanteric fractures (AO classification: 31-A2 in three
patients and 31-A3 in four), which included four with
coronal plane fractures or comminution of the lateral
cortex of the greater trochanter.

Preoperative assessment

The physical status of the patient was evaluated accord-
ing to the American Society of Anesthesiologists (ASA)
grading system®, in which a score of I represents normal
health, I mild systemic disease, III severe systemic disease,
IV severe system disease that is a constant threat to life and
V moribund and not expected to survive without surgery.

Surgical treatment
In Group A, each patient was placed in a supine posi-
tion (Fig. 1A) and the fracture manually reduced under
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monitoring with a C-arm. Then a longitudinal incision
(length: 4-6 cm) centering on the apex of the greater tro-
chanter was made along the long axis of the femur. A
guide wire was inserted from the tip of greater trochanter
into the intramedullary cavity to guide a cannulated drill
bit into the proximal femur, then reaming rods were
inserted into the medullary cavity to the desired insertion
depth along the guide wire. The PFNA was manually
inserted along the guide wire, which was removed subse-
quently. Another guide wire was positioned in the center
of the femoral neck under the guidance of an aiming arm
equipped with the PFNA system. Then a helical PFNA
blade was manually inserted over the guide wire, advanc-
ing as far as possible into the femoral head. The distal
locking bolt was then inserted under the guidance of the
aiming arm. Finally, the end cap was inserted into the
proximal end of the nail.

In Group B, each patient was placed on the unaffected
side (Fig. 1B). An incision (length: 6-8 cm) was made
along the long axis of the femur from the lateral aspect of
the greater trochanter. The fascia lata was incised, and the
vastus lateralis muscle separated to expose the femur. A
space was created for the subsequent placement of a fixa-
tion plate under the vastus lateralis muscle. A titanium
Liss-DF plate (Synthes) of an appropriate length was
selected; a left plate being selected for right femoral frac-
ture, and vice versa. The plate was attached to the femoral
plane in a reverse orientation and adjusted under the
monitoring of the C-arm until the correct position had
been achieved. Finally, the proximal and distal fracture
segments were fixed with four to five self-locking screws
under the guidance of the aiming arm. The operation
duration and volume of blood loss were monitored and
compared in both groups.

Postoperative management

In Group A, from 6 hours after surgery, the patients
were encouraged to do isometric quadriceps contractions
and active flexion and extension of the hip and knee of the
affected side without weight-bearing. One week after
surgery, they weres allowed 15% weight-bearing and then

Figure 1 Photographs showing the patient
position during surgical treatment of proxi-
mal femoral fracture by (A) the PFNA tech-
nique and (B) the Liss-DF technique.
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Table 1 Parker and Palmer grading criteria for the assessment of mobility

Mobility No difficulty With an aid With help from another person Not at all
Able to get about the house 3 1 0
Able to get out of the house 3 1 0
Able to go shopping 3 1 0

gradually progressed to full weight-bearing according to
the type of fracture and the status of fracture healing.

In Group B, the patients were similarly encouraged to
practice joint movements and isometric quadriceps con-
tractions without weight-bearing from 6 hours after
surgery. They started to bear 10%—15% body weight when
bridging callus was observed by X-ray. Then, according to
the type of fracture and the status of fracture healing, the
patient bore gradually increasing loading until reaching
full body weight.

The patient was followed-up by X-ray and physical
examination. More than 50% visible bridging callus across
the fracture on plain radiographs was regarded as the
radiographic indicator of fracture healing’. Absence of
local pain (spontaneous or on percussion) was regarded as
the symptomatic indicator of fracture healing. The time of
fracture healing was defined as the time point when both
indicators were achieved. The difference between the
neck-shaft angle of the unaffected side and that of the
operated side recorded at the last follow-up was defined as
the loss of neck-shaft angle. Additionally, mobility was
evaluated at the last follow-up by the Parker-Palmer
scoring system® (Table 1).

Statistical analyses

Data were expressed as mean = standard deviation. The
operation durations, times to bearing full body weight
and Parker-Palmers scores were compared by Student’s
t-test (Stata 7.0). The ASA scores, bleeding volumes, frac-
ture healing times and losses of neck-shaft angles were
analyzed by rank-sum tests. A P-value of less than 0.05 was
considered statistically significant.

Results

All patients were followed-up for 10-12 months (mean:
11.2 months). All fractures healed successfully and
reached bony union. Groups A and B showed similar ASA
scores, operation durations and bleeding volumes
(Table 2). At the last follow-up, both groups also yielded
similar Parker-Palmer scores (Table 2).

In Group A, 21 patients experienced satisfactory reduc-
tion and fixation, and were able to undertake early weight-
bearing. None of them experienced distal peri-implant
fracture or loosening of the PFNA blade (Fig. 2). In the
one remaining patient (a 73-year-old man), the neck-shaft
angle was about 129.14° one week after surgery (Fig. 3A);
after exercise under partial weight-bearing for five weeks,
the patient experienced considerable loss of neck-shaft
angle and developed coxa vara (Fig. 3B). The Parker-
Palmer score on the last follow-up for this patient was
four, indicating an unsatisfactory outcome.

In Group B, in most patients the fractures could be
spontaneously reduced in the lateral recumbent position
and were satisfactorily reduced by gentle traction or
rotation (Figs 4 and 5). The proximal fracture fragment
was fixed with four to six locking screws and the
distal fragment with at least four bicortical locking
screws. The patients were allowed to participate in func-
tional exercises without bearing their body weights.
No patient experienced coxa vara or fixation device
failure (fracture or bending). Compared with Group A,
Group B showed a significantly longer duration to full
weight-bearing and fracture healing (both P < 0.05,
Table 2).

Table 2 A comparison of outcomes in patients treated by PFNA (Group A) and reverse Liss-DF (Group B) techniques (mean + standard

deviation)
Time to full Time to Loss of
Operation Bleeding weight-bearing fracture healing Parker and neck-shaft
Group ASA score duration (min) volume (mL) (weeks) (weeks) Palmer score angle
Group A 2.82 =0.85 67.36 +27.13 146.82 + 87.35 9.55 + 1.77 17.41 = 6.21 8.09 = 0.92 8.63 = 2.80
Group B 268 =082 6947 +17.07 150.79 £ 78.20 16.16 = 3.35* 28.11 = 14.43* 811 £ 0.81 1.57 £ 2.11*

*P < 0.05, compared with group A.
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Figure 2 Radiographs from a patient (Group A) with a comminuted intertrochanteric fracture of the right hip treated by the PFNA technique;
(A) Before surgery: coxa vara; (B) One week after surgery: the helical blade is located in the center of the femoral neck and the fracture has

been satisfactorily reduced as seen in the AP and (C) lateral views.

Discussion

Proximal femoral fracture occurs primarily in elderly
persons. Early operative treatment reduces both mortality
and morbidity, giving the best chance of early indepen-
dence and reducing the risks of prolonged bed rest'*'.
However, surgical treatment may pose high risks to elderly
patients because osteoporosis decreases the bone purchase
of internal fixation devices and various associated chronic
diseases, such as chronic bronchitis and coronary heart
disease, can decrease tolerance of surgical invasion. In
recent years, PENA and reverse Liss-DF have been increas-
ingly used in the treatment of proximal femoral fractures,
both reportedly involving minimal surgical invasion and
producing satisfactory results*®. However, the respective
advantages or disadvantages of the two systems have not

ANY

129.14°
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been intensively investigated. In the present study, we
compared the two techniques in regard to the risk of coxa
vara, biomechanical strength against axial loading and
degree of surgical invasion.

Coxa vara is a major cause of pain after proximal
femoral fracture surgery and hence leads to a decrease in
the quality of the patient’s life. Although the helical PENA
blade was designed to enhance bone purchase to prevent
t>2, in this study one patient still developed coxa
vara and some patients treated with PFNA experienced
loss of neck-shaft angle. These undesirable consequences
might have resulted from several factors. Firstly, the

cut-ou

proximal fragment fracture was typically abducted
and/or externally rotated, thus extensive abduction of
the distal fracture fragment was required to reduce the
fracture. In some cases, the femur might be have been

- [+
w 116.82

Figure 3 Radiographs of a patient (Group
A) with a proximal femoral fracture treated
by the PFNA technique; (A) One week after
surgery, the neck-shaft angle is 129.14°; (B)
Five weeks after surgery, the neck-shaft
angle has decreased to 116.82°and the hip
has developed coxa vara.



Orthopaedic Surgery (2011), Volume 3, No. 1, 7-13

1

Figure 4 Radiographs of a patient (Group B) with a comminuted intertrochanteric fracture of the left hip combined with a fracture of the
greater trochanter treated by the reverse Liss-DF technique; (A) before surgery; (B) One week after surgery: satisfactory reduction and stable

fixation can be seen in the AP and (C) lateral views.

abducted insufficiently in order to more conveniently plan
the point for inserting and advancing the PFNA nail, thus
leading to the subsequent development of coxa vara. Sec-
ondly, in some cases the affected limb might be have been
excessively adducted during insertion of the intramedul-
lary nail, which could have further weakened the support
from the posterior-lateral femur and increased the stress

on the PFNA blade>*". Thirdly, the PFNA blade might
have disrupted the blood supply to the proximal femur,
resulting in subsequent bone necrosis, loss of holding
strength, and then cutting by the loosened blade during
loading bearing'. Finally, because these elderly patients
typically had various degrees of osteoporosis, the PFNA
blade was under a relatively high stress but provided poor

Figure 5 Radiographs of a patient (Group B) with a comminuted subtrochanteric fracture treated by the reverse Liss-DF technique; (A) Before
surgery; (B) One week after surgery: satisfactory fracture reduction and stable fixation can be seen in the AP and (C) lateral views.
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purchase; thus, the blade could easily have cut the
osteoporotic femoral head/neck and, in some cases, even
penetrated through the femoral head/neck, resulting in
coxa vara'’.

In this study, fixation by the reverse Liss-DF technique
produced better results in regard to maintaining the neck-
shaft angle and preventing coxa vara compared with the
PFNA, most likely due to the following factors. Firstly, the
screws were locked with the plate to form a rigid structure,
which effectively prevented screw loosening and loss of
fracture reduction. This rigid structure provided a good
purchase, even in osteoporotic bone, for preventing the
screws from sliding and pull-out'. The proximal screws
interlock with the relatively wide Liss-DF plate to form a
stable frame that uniformly distributes the loading (shear,
rotation and compression) to each screw; this helps to
maintain the neck-shaft angle and prevent coxa vara,
screw pull-out and fracture of the plate or screws>". Sec-
ondly, the Liss-DF plate could accept four to six screws at
the proximal fragment fracture and thus provided a high
pull-out resistance. In other studies on fixation of proxi-
mal fractures of severely osteoporotic femurs, the results
of Liss-DF plates were also found to be satisfactory,
although they provide less purchase in these patients®.
Multiple screws may increase the fixation strength of the
proximal fragment, especially for fractures affecting the
greater trochanter or combined with severely commi-
nuted subtrochanteric fractures®. Thirdly, fixation with a
Liss-DF plate in the lateral recumbent position decreases
the tension on the iliopsoas and adductor, which facilitates
spontaneous reduction of the posterior-medial fragment,
reduces the stress on the proximal screws and therefore
prevents development of coxa vara. If surgery is per-
formed in the regular supine position, the affected limb
needs to be abducted because the proximal fragment
tends to protrude anteriorly and laterally; this would
increase the tension on the adductor and iliopsoas and
impair reduction of the posterior-medial fragment.
Meanwhile, because the screws cannot provide compres-
sion in the supine position, the plate cannot produce sat-
isfactory reduction of the posterior-medial fragment.
These adverse factors would cause lack of support of the
medial cortical buttress, which could eventually lead to
coxa vara'®". Finally, the Liss-DF system provides suffi-
cient mechanical strength to stabilize the proximal frac-
ture end, thus maintaining the neck-shaft angle and
reduction’. As described, no screw loosening/fracture or
coxa vara occurred in any patients even though they
actively participated in exercise without weight-bearing
immediately after surgery.

Despite the advantages of the Liss-DF technique,
intramedullary fixation remains the treatment of choice

© 2011 Tianjin Hospital and Blackwell Publishing Asia Pty Ltd

N Han et al., PFNA and Liss-DF for femoral fracture

for proximal femoral fracture, because of its biomechani-
cal superiorities in regard to axial loading’. The PFNA
system not only acts as an internal splint, but can also bear
a large axial loading because it produces a small bending
moment. Additionally, the helical blade in the PFNA
system compacts the cancellous bone, enhancing its bone
purchase in the femoral neck-head; the blade also locks
with the intramedullary nail preventing rotation or col-
lapse of the proximal fragment. These factors allow the
patient to bear partial weight at an early stage after sur-
gery>*'>'8, In this study, we encouraged the PFNA-treated
patients to participate in joint movement exercises as early
as possible after surgery. The patients were permitted to
bear partial body weight from one week after surgery, and
all fractures eventually healed satisfactorily. Compared
with PFNA, the Liss-DF has been found to provide lower
fixation strength; therefore, weight-bearing too early
might induce stress concentration and, potentially, loos-
ening of the locking screws’. Consequently, several studies
have suggested that patients treated by the Liss-DF tech-
nique should start exercise with partial weight-bearing
only when callus has bridged the fracture ends, and then
gradually progress to full weight-bearing>". In this study,
we instructed the Liss-DF-treated patients to exercise
without weight-bearing, and no negative effect on the
function of the operated limb was observed. This delayed
weight-bearing, however, may have resulted in decreased
loading of the fracture ends and thus slower healing, as
evidenced by the longer fracture duration in Group B.
Nevertheless, the Liss-DF technique is favorable in that it
does not require stripping of the periosteum and therefore
can best maintain blood supply to the fracture ends and
avoid non-union®". In this study, all fractures treated by
the Liss-DF technique healed to bony unions.

Additionally, the minimal surgical invasion is another
major advocated advantage of the PFNA technique®'.
However, the Liss-DF technique is favorable in that, in the
lateral position, the greater trochanter is clearly exposed
to accurately locate the surgerical incision; the fractures
are easily (sometimes spontaneously) reduced under
the effect of gravity, thus reducing the operation time.
Moreover, the minimally invasive procedure can reduce
trauma to the patient. In this study, the operation dura-
tions and bleeding volume were similar in the two groups.
Therefore, the technique of reverse Liss-DF in a lateral
position is also a suitable treatment for proximal femoral
fractures.

In conclusion, both PFNA and Liss-DF techniques can
provide minimal invasion and satisfactory outcomes. The
PFNA technique allows patients to bear body weight
earlier and promotes faster healing of the fracture, but
involves a higher risk of coxa vara. In comparison, the
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Liss-DF technique may be the best choice for severely
osteoporotic patients because it reduces the risk of coxa
vara.
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