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The use of Ender nail in intertrochanteric fractures supported
with external fixation

Intertrokanterik kiriklarda Ender civilerinin eksternal fiksatorle desteklenmesi

Cemil ERTURK,' Bilal CAGMAN,> Mehmet Akif ALTAY,! Ugur Erdem ISIKAN!

BACKGROUND

Intramedullary Ender nailing in intertrochanteric fractures
was very popular in the past. However, this method has
fallen in favor over time, due to complications. The pur-
pose of this study was to evaluate results with this method
and possible ways to prevent these complications, includ-
ing the use of unilateral fixators to support the Ender nails.

METHODS

This technique (Ender nailing and external fixator) was
used in 39 patients (17 M/22 F, mean age: 71.4 years). The
preoperative mean American Society of Anesthesiologists
(ASA) score was 1.84 (range: 1-4) for all the patients. AO/
OTA classification of fractures was used. In our surgery, we
used an external fixator to support the intramedullary nails.
All patients were evaluated with Parker-Palmer mobility
score and with the Harris hip score.

RESULTS

The follow-up period was 29.2 months (20-56). Two pa-
tients experienced nail migration in the knees, two patients
had varus deformation with a reduction in length of 2 cm,
and seven patients developed pin-track infection. The aver-
age Harris score and Parker-Palmer score of the 14 patients
who presented for their last follow-up examination were 64
and 6.8, respectively.

CONCLUSION

This method demonstrated several advantages, in that it al-
lows the patient to put weight on the extremity after a short-
er period of time and enables the fracture to heal rapidly
without any serious complications.
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AMAC

Intertrokanterik kiriklarda intramediiller Ender civileme,
geemis yillarda ¢ok yaygindi. Ancak bu yontemin kullani-
mi, komplikasyonlarindan dolay1 zaman icerisinde azaldu.
Bu ¢alismanin amaci, tek yanli eksternal fiksatorle destek-
lenen Ender ¢ivileme ile bu tiir komplikasyonlarin 6nlen-
mesi ile birlikte bu yontemin sonuglarini degerlendirmektir.

GEREC VE YONTEM

Bu teknik 39 hastada kullanildi (17 erkek, 22 kadin; ortala-
ma yas 71,4 yil). Ameliyat oncesi tiim hastalarin ortalama
American Society of Anesthesiologists (ASA) skoru 1,84
(dagilim, 1-4) idi. Kiriklar AO/OTA siniflamasina gore ay-
rildi. Biz ameliyatimizda eksternal fiksatorii intramediiller
civilere destek amaciyla kullandik. Son takipte, tiim hasta-
lar Parker-Palmer mobility skoru ve Harris kalga skoru ile
degerlendirildi.

BULGULAR

Ortalama izlem siiresi 29,2 ay (20-56) idi. iki hastada En-
der ¢ivilerinin dizden disar1 ¢ikmasi, iki hastada 2 cm ki-
salikla birlikte varus deformitesi ve yedi hastada ¢ivi dibi
enfeksiyonu olustu. Yasamini siirdiirebilen ve son taki-
bi yapilabilen 14 hastanin ortalama Harris kalca skoru 64,
Parker-Palmer skoru 6,8 idi.

SONUC

Bu yontemin, herhangi bir ciddi sorun goriilmeksizin, ki-
rigin kisa siirede iyilesmesini saglamasi ve ekstremitesine
tam agirlik vermesine uygun olmasi gibi iistiinliikleri gos-
terilmistir.

Anahtar Sozciikler: Ender ¢ivileri; eksternal fiksatorler; kirik tes-
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Treatment of intertrochanteric fractures should
aim to mobilize the patient quickly, to reduce mor-
tality and hospitalization time, and to restore the pa-
tient’s functions as much as possible.l'] While stable
intertrochanteric fractures can be treated efficiently,
unstable fractures pose serious and stressful prob-
lems. In the surgical treatment of intertrochanteric
fractures, endoprosthesis and external fixators are
used in conjunction with methods such as rigid pin-
plates, sliding plate compression pins and screws, 0s-
teotomy and osteosynthesis plates, and intramedul-
lary nails.!'*) The advantages of Ender nails include:
reduction in mortality rates, less blood loss, minimal
surgical trauma, and a shorter duration of time in sur-
gery.!*?) Ender nails have been used in almost 12,000
cases in Europe; however, the technique has not been
as popular in North America.l?! Despite their advan-
tages, the rotational stability of Ender nails is weak.
[210-121 Tn order to prevent complications that occurred
in the past (including the loss of initial reduction re-
sulting from surgery, the penetration and perforation
of the proximal femur by the nails, external rota-
tion, distal nail migration, and/or reduction in femur
length resulting from surgery), we attempted to coun-
teract or minimize the insufficient rotation and axial
resistance of the Ender nails by supplementing them
with unilateral external fixators in the six-week pe-
riod after surgery.

We planned in this study to analyze the effective-
ness of this combination in cases of intertrochanteric
fractures.

MATERIALS AND METHODS

Written informed consent was obtained from all pa-
tients, and the study was approved by the Local Ethi-
cal Committees. We proceeded by selecting a younger
control group of patients with a higher life expectancy
rather than an elderly group with a higher risk of de-
terioration. Our age indication, like that of Barrios et
al.,’! was confined to patients aged 50 years or older
with usually simple fall.

We used Ender nails and unilateral external fixators
simultaneously in 39 patients with non-pathological
closed intertrochanteric fractures who were seen in
our clinic from 2003 to 2009. This group was com-
prised of 22 women and 17 men, ranging in age from
49 to 93 years, with a mean of 71.4 years. Of the 39
patients, 18 fractured their right and 21 their left hip.
Thirty-four of the fractures were due to simple falls
and 5 were due to traffic accidents. Seventeen pa-
tients (43%) had a pre-existing associated pathology,
and 4 had >2 comorbidities. Eight of the patients had
cardiovascular issues, 5 had diabetes mellitus, 4 had
pulmonary issues, 3 suffered from anemia, and 1 had
hemiplegic sequela. The preoperative mean American
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Society of Anesthesiologists (ASA) score!'® for all the
patients was 1.84 (range: 1-4).

Only patients with a minimum follow-up of 12
months were included. The geometry and degree of
bone comminution were graded using admission ra-
diographs according to the Orthopedic Trauma Asso-
ciation’s (OTA) classification™ from type A to C.

All of the fractures were closed (Fig. 1). All of the
patients were given epidural anesthesia. After attaining
closed reduction with observation through a scoping
device and using a traction table, firstly reduction was
achieved with Ender nails, then internal fixation was
reinforced with unilateral external fixators. In other
words, we first performed reduction with intramedul-
lary Ender nails to provide the alignment, and then an
external fixator was added for additional stabilization.

Surgical Technique

In all the cases, a longitudinal incision was made
3-4 cm from the proximal adductor tubercle, and a
window was opened in the bone using the awl. The
number of Ender nails (Ender type intramedullary
nail; Hipokrat Inc., Izmir, Turkey) varied according to
the width of the patient’s femur medullary canal: 37
patients had two Ender nails inserted and 2 patients
had 3 Ender nails inserted. Two or three Shanz pins
were then applied to the femoral neck (Fig. 2). Unilat-
eral external fixators (Hipofix Dynamic axial fixator;

Fig. 1. Right hip unstable intertrochanteric fracture.
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Hipokrat Inc., Izmir, Turkey) were applied by affixing
two Shanz pins to the diaphysis of the femur.

Patients were able to sit up in bed the day after
surgery and could walk with two crutches, with full
weight exerted on the legs. After discharge, patients
had to present for follow-up twice a month for up to
two months. After callused tissue was seen on X-rays,
patients were able to walk with a single crutch (Fig.
3). After removing the external fixator from the femur
bone, intramedullary biomechanical support persisted.

Fixators were removed after six weeks, either with
local anesthesia or sedoanalgesia. Fracture healing
was evaluated by standard radiographic projections,
and union was defined as a dense callus bridging at the
fracture site. Axial displacement and shortening were
assessed from the radiographs. Rotational deformi-
ties and an insufficient length to measure the distance
between the medial malleolus and the anterior/superi-
or spina iliaca were judged clinically. The Ender nails
were not removed unless they caused complications.
After the external fixators were removed, the condition
of the patients was monitored in monthly follow-up
exams. At the last follow-up, patients were evaluated
according to Parker-Palmer mobility score!'* and with
the Harris hip score.!'” The Parker-Palmer mortality
score evaluates the patients on the basis of their ability
to walk within their place of residence, their ability to
walk outside, and their ability to go shopping. Each

]

Fig. 2. X-ray of patient six weeks later.
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activity was assigned a score on the basis of its level
of difficulty: 3 points indicated that the patient had no
difficulty; 2 points indicated that the patient needed
a cane or other aid; 1 point indicated that the patient
needed help from another person; and 0 points indi-
cated that the activity was impossible for the patient
to perform.

RESULTS

The average follow-up period was 29 months
(range: 20-56 months). The average hospitalization
period was an average of 7 days (range: 5-18 days).
The average duration of surgery was 60 minutes. None
of the patients required open surgery or blood transfu-
sions. In the six-week period following surgery, 7 of
the patients (18%) developed pin-track infections. Six
of these pin-track infections were surface infections
that responded to oral antibiotic therapy; 1 patient de-
veloped a deep infection. In this case, the external fix-
ators were removed without waiting for the response
of the more conservative treatment because the patient
had also developed an intramedullary infection in the
hip. Four weeks after surgery, the external fixator was
removed from this patient. No further infections were
found in the patient thereafter.

Thirty-three of the patients (85%) were over 60
years old. The average postoperative period was
3 days (range: 2-6 days). The average healing pe-

Fig. 3. Hip graph was seen after removal of external fixator.
Ender pins in the hip were not removed, unless they
caused problem.
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riod was 9.2 weeks (range: 8-16 weeks). There was
no delayed healing or nonunion. Two of the patients
developed varus deformities in the early stages. Be-
cause the Ender nails were not applied sufficiently,
the fixation was inadequate, resulting in a varus slip-
page (5%). These were analyzed as technical errors.
In these patients, shortenings of 2 cm were measured
(5%). External rotation failure occurred in 1 patient. In
2 of the patients (5%), the Ender nails were removed
because of irritations that developed in the knee dur-
ing the follow-up period. In these patients, the exter-
nal fixator had been removed previously. Ender nails
were removed from the thigh when the fractures dem-
onstrated union. After removal of the Ender nails, the
patients had no complaints. The other patients had no
complaints regarding their hips.

Postoperative mortality was observed in 1 patient
due to pulmonary embolism in the intensive care
unit on the second postoperative day. Within the first
2 years, 6 of the patients (15%) died. Seven patients
died after 2 years. Two patients had additional surgery
(endoprosthesis). We were unable to contact 7 of the
patients, but we determined that 16 of the patients
were still alive. Of these, 14 presented for their last
check-up; 2 were bedridden at home. None of the 14
patients who presented for their final examination had
any complaints, and all had returned to their original
level of function. The average Harris score and the
average Parker-Palmer score of the 14 patients at the
time of the most recent follow-up were 64 (range: 44-
82) and 6.8 (range: 5-8), respectively.

DISCUSSION

We prefer Ender nails as fixation materials in our
technique, as they utilize the biomechanical advan-
tages of the nails, thereby resulting in a more rapid
treatment process. Because Ender nails are flexible,
their proximal tips are anatomically suited to the arch-
shaped structure in the proximal femoral medullary
cavity. We can see that this anatomical fit results in a
balanced load distribution in the proximal femur; this
ability is unmatched by other methods. As Ender nails
perform with a three-point principle, reduction and as-
sessment occur more often in the valgus.['" Further-
more, it was found in Pauwell’s biomechanical stud-
ies of the hip that flexing momentum is highest in the
subtrochanteric area, where the compound force from
the femoral proximal in a healthy hip while standing
or walking intersects with the long axis of the femoral
shaft in this area.'” These measures show that in plate-
screw systems such as the Dynamic Hip Screw (DHS),
the lever of the flexing force becomes elongated, while
in intramedullary nails such as Ender nails, the lever
shortens. Thanks to the biomechanical advantages of
the Ender nail, it is anatomically possible to carry the
loads on the femoral proximal evenly along the femo-
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ral medullary canal while the load on the unit area in
the fractured region is minimal.['®)

Despite their advantages, the rotational stability
of Ender nails is weak.['"!?! Because the external ro-
tator muscles of the hip force the hip into an exter-
nal rotation motion, particularly in unstable fractures,
we sought to neutralize these muscles for one to two
months by adding a unilateral external fixator on neu-
tral rotation to the hip after reduction and assessment
with Ender. As the initial valgus reduction in Ender
nail use is promising, we expected to stop varus thrust
and reduction loss for one to two months through
early loading by a few days, using an external fixator.
Paley!" and Kocaoglu’s®?” technique combining the
use of an external fixator with locked intramedullary
nails in elongating long bones motivated us to choose
this combination. While the aim of this technique was
to comfort the patient by shortening the duration of
exposure to the external fixator during elongation, in
our surgery, we used the external fixator to support the
intramedullary nail. While it might seem best to use
only the external fixator, it should only be used in old-
er patients with more serious conditions, given the po-
tential complications.’?!"! Today, dynamic sliding hip
nails and proximal intramedullary femoral nails (PFN
and Gamma nails) are more commonly used in surgery
of intertrochanteric fractures. Although there is no fi-
nal consensus, DHS nails are mostly used for stable
fractures while PFN and Gamma nails are mostly used
for unstable fractures.’? However, proximal intra-
medullary nails did not yield infallible results either;
some complications and failures were reported.2324

Rigid plate screws, however, caused complica-
tions, including delayed union and non-union, wound
infections and implant failure. In addition to bone
fragments being devascularized, healing by callus
formation is slow in the open reduction with DHS.
Postoperative varus collapse, limb shortening and
medial displacement of the distal fragment, as criti-
cal complications, were reported with DHS, which is
one of the most widely used techniques for intertro-
chanteric fractures.>!%1% Furthermore, plate fracture
secondary to failure in a bending mode may occur.
Intramedullary nails have a biomechanical advantage
over DHS due to the fixation device within the medul-
lary canal. The bending moment on it is considerably
less than with DHS. However, late femoral fractures
at the tip of the device, such as the Gamma nail with
short intramedullary stem, or through the distal lock-
ing screws have also occurred in 3% to 6% of patients.
Therefore, the use of long intramedullary nails that
end at the supracondylar region of the femur has been
advocated. New devices, such as the Ace Trochanteric
Femoral Nail and the Trochanteric Femoral Nail have
been developed, but the literature on these devices
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is limited. Additionally, the use of an intramedullary
device may be precluded in severe deformities of the
femoral canal or excessive anterior bowing.)

Prosthetic replacement for hip fractures may ex-
pedite early patient mobilization and ambulation and
thereby maximize the patient’s functional recovery.!”!
While it is an important treatment option for displaced
femoral neck fractures, primary prosthetic replace-
ment has had limited use in acute unstable intertro-
chanteric fractures in elderly patients. In patients with
severe osteoporosis with comminution, the prosthesis
selected must replace the calcar, with provisions for
greater trochanteric reattachment to restore abductor
function. However, this requires a more extensive sur-
gical procedure than does internal fixation and entails
greater blood loss, longer surgical and anesthetic time,
and the potential for more frequent complications, not
to mention greater implant cost.™?

The external rotation deformities are certainly
more commonly encountered in patients treated with
Ender nailing. Although Habernek et al.”! and Levy
et al.l% found 25% and 30% external rotation failure
rates, respectively, we encountered only one case
(2.6%). Habernek et al.”? reported that 40% of patients
experienced leg shortening, but in our study, only two
patients (5.0%) suffered leg shortening due to varus
deformity. Furthermore, Habernek et al.’? reported
that in patients with unstable fractures treated with
Ender nails and cerclage wire, weight bearing was
not allowed for at least six weeks postoperatively. In
contrast, we did not perform any internal fixation and
full weight bearing using two crutches or a walker was
begun on the second postoperative day.

As for the number of Ender nails, we chose to use
2-3 nails with an anteversion as opposed to the 4-5
Ender nails recommended to fill the medullary cavity
completely.!'® In the Ender nail surgery performed in
our previous studies, we observed that while the first
two nails were sent to the femoral neck with no prob-
lem, the sending of the third, fourth, and fifth nails
became more difficult. To undo perforations that may
occur along the line of fracture of the femoral neck,
Waddell'™ suggested that the nails be pulled back
and redirected for better assessment. Unfortunately,
this prolongs the operation and the duration of X-ray
exposure. Moreover, the bone window in the femo-
ral supracondylar area must naturally be opened wid-
er. In the operations we performed using the classic
method of filling the medullary cavity completely with
Ender nails, we observed that in most cases, additional
fissures occurred in the bone window. As a result, one
may encounter unexpected complications, including
the loss of stability, distal migration of the nails, or an
additional supracondylar fracture due to the fissures
in the femoral supracondylar region. These potential
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results contradicted our expectations of more stability.

In our study, we were able to send two Ender nails
to the medullary cavity more rapidly by opening a hole
in the bone with an awl instead of a window, and by
making a 3-4 cm mini-incision in the femoral supra-
condylar area. Moving along the fracture line in an
intramedullary direction, the nails adapt easily to the
antreversion angle because they are so few in number
in the femoral neck, and because they are flexible, as
Pankowich stated.['] The two or three Ender nails sent
to the medullary cavity previously while moving along
the Shanz pins of the external fixator were elastic and
did not fill the medulla cavity completely. Therefore,
they were able to pass through the bone cortex, pro-
viding external fixation quite easily.

Despite the limitations of this study, including its
retrospective and noncomparative design, we believe
that it can contribute to the evaluation of benefits ex-
pected from hip surgery for surgeons in trauma cen-
ters.

Prospective and randomized comparative studies
on hip surgery will definitely provide more conclusive
data. However, these would hardly be practicable in
such a complex disorder as fractures, especially be-
cause of the problems associated with adequate ran-
domization. Therefore, further biomechanical analysis
studies are necessary to confirm our findings.

In our analysis, given the several advantages of
the Ender nails, the method described above is more
stable, successful, effective, anatomically sound, and
minimally invasive. Finally, we believe that this tech-
nique is an effective one that can be applied easily and
rapidly to unstable intertrochanteric fractures.
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