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Ender nailing of pertrochanteric fractures

Complications related to technical failures and bone quality

In a series of 127 consecutive patients with trochanteric femoral fractures
treated with Ender nailing, bone quality and technical failures were ana-
lysed. Of the fractures, 35 per cent were stable and 65 per cent unstable
according to the definitions of Evans. There were no implant failures.
Technical failures occurred in 16 cases, These could be referred to unsuit-
able location of the nails in the femoral head and/or to an insufficient fixa-
tion of the nails in the medullary cavity, especially in patients with poor
bone quality and unstable fractures. Technical failures should therefore
be preventable. When a correct surgical technique is used with a sufficient
number of nails in femurs with low bone quality and a wide medullary ca-
nal, the method seems to be a simple and safe treatment for most per-
trochanteric fractures, with elimination of many of the problems often as-
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sociated with this injury.

The majority of the devices for internal fixation
of trochanteric fractures of the femur have
been of the nail- or screw-plate type (Thornton
1937, Jewett 1941, McLaughlin 1947, Pugh
1955, Holt 1963, Clawson 1964). A different
principle of fixation was introduced by Kiint-
scher (1970). He presented the condylar ce-
phalic approach followed by Ender & Simon-
Weidner (1970), who advocated intramedul-
lary multiple elastic nails. Harris (1980) de-
scribed fixation with a single solid but elastic
rod, a technique which is not yet widely used.

In the treatment of trochanteric femoral
fractures, attention has mainly been focused
on the choice of implant and its biomechanical
consequences. Little attention has been paid to
the question of bone quality in relation to me-
chanical failures.

The purpose of the present study was to in-
vestigate the importance of bone quality in the
occurrence of technical failures with the Ender
technique. Further, the results in a series of el-
derly patients treated by this method were
compared with those of other authors who
have used the same technique, with respect to
technical factors.

Patients and methods

Between January and December 1980, 127 patients
with unilateral trochanteric femoral fractures were

treated with the Ender technique at our hospital.
Seventy-six per cent were women, with a mean age
of 80 years, and 24 per cent were men, with a mean
age of 75 years. The mean age of the total series was
79 (59-104) years. According to the system of Evans
(1949), 35 were classified as stable types A and B and
65 as unstable types C and D (Figure 1).

The operation was carried out as described by En-
der & Simon-Weidner (1970), with anteverted nails
(Kuderna et al. 1976, Olerud et al. 1979). The pa-
tients were encouraged at least to stand on their legs
1 day postoperatively, and immediate, full weight-
bearing was allowed. However, four patients could
not follow the instructions, two for medical reasons
and two because of intraoperative supracondylar
fractures. Clinical and radiographic follow-up was
performed in all patients every 3 months for 1 year
postoperatively or until death. No patients were lost
to follow-up.

The bone quality was evaluated from AP radio-
grams as described by Barnett & Nordin (1960) and
expressed as a femoral score (FS, Figure 2). The di-
ameter of the femoral medullary canal (FMD) was
measured at its narrowest part. According to the FS
and FMD, the patients were then divided into three
groups of bone quality (Table 1).

The reduction of the fracture was assessed. Good
reduction was defined as a position with at least
some valgus and cortical contact medially on AP ra-
diograms as well as correct alignment on lateral
views with no or only minimal anterior or posterior
gaps. When assessing the results at different stages
after operation, two main points of fixation were
taken into consideration: (1) the femoral head, (2)
the medullary canal. The position of the nails in the
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Figure 1. Evans' (1949) clas-
sification of pertrochanteric
femoral fractures. A and B
stable, C and D unstable.

Figure 2. Evaluation of bone
quality (femoral score) ac-
cording to Barnett & Nordin
(1960).
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femoral head and the filling of the canal with nails
was classified as good, acceptable or poor (Figure 3).

Early or late technical failures were identified
from the clinical and radiographic examinations and
classified as:

a) Penetration through the femoral head and neck;

b) Slipping of rods distally with clinical manifesta-
tions — pain, limitation of movements and sec-
ondary fracture displacement;

¢) External malrotation.

Finally, a correlation was sought between technical
failures, FS and FMD, and type of fracture.

Resuits

Technical failures were found in 16 of the 127
fractures (Table 2); there was no case of im-
plant failure. The mortality during the first
year was 15 per cent.

Figure 4. Unstable type C frac-

ture.

A. Poor position of nails in the
femoral head and insufficient
stabilization in the medullary
cavity with only three rods.

B. Early nail migration and varus
deformity.

C. Excellent resuit after reoper-
ation with osteotomy of the
trochanter and renailing with
seven rods.

Group 1 (FS > 44, FMD < 18 mm)

There were 45 fractures in this group, 32 sta-
ble and 12 unstable. Good reduction was
achieved in all but one, a fracture of type C.
The mean impaction at the fracture site was 5
(3-5) mm. The fractures united in 12-16
weeks. Superficial wound infection occurred in
one patient. No varus deformities, delayed

Table 1. Definitions of bone quality

Group No. of  Bone quality FS FMD
patients
| 45 Good >44 <18
it 51 Moderate 3344 18-22
osteoporosis
1l 31 Advanced <33 >22
osteoporosis

FS  Femoral score (Barnett & Nordin (1960), Figure 2).
FMD Narrowest part of femoral medullary canal.
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union or other complications impaired the clin-
ical end results.

The positions of the nails at both main points
were good or satisfactory in all but four frac-
tures (Figure 4). In two fractures of the stable
types A and B, the fixation was inadequate at
both main points. After the nails had slipped
distally and caused pain in the knee region,
they were extracted at 4 and 5 months with ex-
cellent clinical result. In another two fractures
— a stable type A and an unstable type C — the
fixation was adequate at one of the main points
only, but the fractures united without any
problems with excellent end results.

Group |l (FS 33-44, FMD 18-22 mm)

There were 51 fractures in this group, eight
stable and 43 unstable. Reduction was
achieved in all but one fracture, according to
definition, with an intentional valgus position,
in two of them with the aid of trochanteic os-
teotomies. In the remaining fracture, of type

Figure 5.

A. Unstable fracture of type C.

B. A slight overreduction in val-
gus possible after osteotomy
of the greater trochanter (see
arrow). Four nails secured a
good fixation of the diaphys-
eal fragment.

C. Excellent union of the fracture
as well as the osteotorny.

D, the gap at the fracture site was more than
10 mm. Fixation at the first point was secured
in 48 fractures, and at the second point in 47
fractures. Two early and three late failures oc-
curred in one stable and four unstable frac-
tures. There were two fractures of types C and
D with poor fixation in both the femoral head
and the medullary cavity. In both cases the
nails slipped distally, and secondary fracture
displacement occurred. Ender nailing was
again performed after 9 and 12 days postoper-
atively; the medullary cavity was filled with
the optimal number of nails of the right length
and the position of the nails was secured at
both main points. Both fractures healed with-
out further complications. In the other three
cases (one stable and two unstable fractures)
with adequate placement of the nails in the
femoral head or a sufficient number of nails in
the medullary canal, the nails protruded at the
knee region in the late postoperative period.
All the nails were extracted after 6, 7 and 9
months respectively and the fractures healed

Table 2. The distribution of technical failures in each type of fracture in relation to bone quality and the two main points of

fixation
Type of Bone quality (Tabie 1)
fracture
(Figure 1) | il o
No. of Failurein  Failure No. of Failurein  Failure No. of Failure in Failure
patients thefemoral inthe patients thefemoral inthe patients the femoral  in the
head meduliary head meduilary head medullary
cavity cavity cavity
A 25 Fe F*F 6 - - 2 - -
B 8 F = 2 F - 1 - -
o] 9 F - 32 f f°F 11 f f2F
D 3 - - " f t'F 17 PEEFY PRF

f = Early failure, F = Late failure, a = Failure in the femoral head as well as in the medullary cavity in same patient, b = Lateral po-

sition of nails in the femoral head.
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with satisfactory end results. The average time
of healing in this group was 16 (14-16) weeks.
The neck-shaft angle was 140-145 degrees.
The mean impaction at the fracture site was 12
(8-15) mm. External rotation of 10°-15° in
comparison with the contralateral extremity
was recorded in four patients; it was of no clin-
ical significance. Limb shortening of about 2
cm was observed in one patient, and of less
than 2 cm in another four patients. In the re-
maining patients of Group II the impaction at
the fracture site was compensated by a valgus
position.

Group HI (FS < 33, FMD > 22 mm)

There were 31 fractures in this group. Only
three were of stable types while 28 were unsta-
ble. Reduction was achieved in 29 cases. A
good or acceptable position of the nails in the
femoral head and adequate filling out of the
medullary canal with nails were noted in 26
cases.

In this group three early and four late tech-
nical failures were recorded, all in unstable
fractures. In two unstable fractures there was
a gap of 2 and 5 cm. When the fractures were
impacted, the rods in these two patients mi-
grated into the hip joint and also protruded at
the knee region. All were extracted after the
fracture had united in a valgus position with
less than 1 cm shortening of the limb. In an-
other three fractures, all of unstable types,
poor positioning of the nails in the femoral
head and insufficient filling of the medullary
cavity with nails were the reasons for early
major technical failures. The rods in these
cases slipped distally and the fracture became
displaced. Ender nailing was repeated immedi-
ately and instead of three nails, seven or eight
were inserted (Figure 4). All fractures united
successfully without further complications.

In two cases (unstable D-fractures), the nails
were placed in the lateral sector of the femoral
head. The nails cut through the head, and both
fractures united in a varus position. Both pa-
tients were confined to bed.

The fractures in this group united in an
average of 18 (14-26) weeks. There was no
case of non-union. All united in the valgus po-
sition, except the two above-mentioned frac-

tures that united in a varus position. Two su-
pracondylar fractures occurred intraoper-
atively, and both were attributed to a faulty
technique. These fractures united after cast-
brace treatment.

Limb shortening of about 30 mm was re-
corded in two patients. Both were able to walk
well with the aid of a stick. In another patient
with previous below-knee amputation in the
same, fractured limb, external malrotation of
30 degrees was recorded. In another two cases
there was external malrotation of 10-15 de-
grees. A major postoperative complication oc-
curred in an 88-year-old woman with known
arteriosclerosis and diabetes. She had previ-
ously undergone below-knee amputation in the
other, non-fractured limb. A few days postop-
eratively she developed arteriosclerotic gang-
rene in the fractured limb, necessitating below-
knee amputation.

Summary of technical failures

Of the 16 technical failures, two did not lead to
reoperations or an unsatisfactory end result.
Twelve of the patients with technical failures
had satisfactory end results after renailing
(five patients) or extraction of the nails after
fracture healing (seven patients). There were
no failures among the patients with correct
placement of the nails in the femoral head and
with a sufficient number of nails in the medul-
lary canal. Only in two cases did the fractures
unite with varus deformity and a poor end re-
sult.

Discussion

The total correspondence between FS and
FMD within the three groups of bone quality
may be a coincidence, and in a material of a
less homogeneous population some overlap-
ping could be expected. However, a correlation
between bone quality and the FMD is always
probable as the exterior as well as the interior
diameter continuously expands with age
(Smith & Walker 1964, Nordin et al. 1970).
In this series Ender nailing was used only in
elderly patients. Younger patients with tro-
chanteric fractures were treated with open re-
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duction and rigid internal fixation, which to a
greater extent can guarantee an anatomical
end result with preserved limb length and ro-
tational alignment.

In a critical analysis of different systems for
classification of pertrochanteric fractures, Jen-
sen (1980) found that the classification accord-
ing to Evans (1949) is the most suitable one
when treatment results are studied. On that
account we chose to use this classification in
the present study.

The biomechanical advantage of Ender nail-
ing has been pointed out in several reports
(Poigenfurst & Schnabl 1977, Corzatt & Bosch
1978, Aprin & Kilfoyle 1980, Hall & Ainscow
1981). With respect to the low degree of oper-
ative stress and infection, the low rate of post-
operative complications, and the early func-
tional recovery, our results correspond to those
of several other authors (Kuderna et al. 1976,
Raugstad et al. 1979, Russin & Sonni 1980,
Chan et al. 1982, Nilsson 1984). External mal-
rotation has been regarded as one of the dis-
advantages of Ender nailing (Raugstad et al.
1979, Levy et al. 1983). In other reports the
frequency of this problem has been low and
without clinical significance (Russin & Sonni
1980, Lund et al. 1981, Chan et al. 1982). In
the present series in which nails torqued in an-
teversion were used (Kuderna et al. 1976, Ole-
rud et al. 1979), there was one case of external
malrotation of clinical importance (30°) and in
7 per cent it ranged from 5 to 15 degrees.

An objection has been raised to the use of the
Ender method in unstable types of trochanteric
femoral fractures, on the basis of the high rate
of technical failures — up to 46 per cent in these
cases (Jensen & Sonne-Holm 1980, Levy et al.
1983). The reasons for this may be lack of suf-
ficient reduction, lack of proper position of the
nails within the femoral head as well as an in-
adequate number of nails in the often widened
medullary cavity — all causes of instability af-
ter Ender nailing of so-called unstable types of
fractures. Compared with these figures, the
relatively low failure rate in the present series
comes out as rather favourable. Only 11 tech-
nical failures in 83 unstable fractures (13 per
cent) influenced the healing course or end re-
sult. The reliability of the internal fixation is
also reflected in the fact that only four patients

were unable to put full weight on the injured
extremity on the first postoperative day.

Only in two cases did penetration of nails
into the hip joint require reoperation. How-
ever, such failures should be preventable. If a
diastasis in the fracture still exists, after inser-
tion of the first one or two nails, it is imperative
to attain impaction by reducing the traction.
Another risk of late perforation is created
when a peroperative perforation is followed by
only a slight backing out. Such a technique is
not optimal: instead, the nail needs to be
placed in a completely new position.

This study indicates that technical failures
after Ender nailing are intimately related to
the adequacy of the positioning of the rods in
the femoral head and the filling of the medul-
lary canal with a sufficient number of rods.
When the trochanter prevents a reduction in
valgus, osteotomy of the greater trochanter
may be essential in certain unstable fractures,
so that the nails can be placed in the right posi-
tion in the femoral head (Figure 5). Otherwise,
after the passage of the nails through the me-
dullary canal, the curvature of the nails has of-
ten become too slight for them to achieve a
good position in the femoral head (Béhler 1972,
Kuderna et al. 1976). Without the osteotomy,
there is also in certain fractures a risk of creat-
ing a cortical defect in the calcar region.

After reduction, it is essential that the prox-
imal ends of the rods are placed in the postero-
medial portion of the femoral head, to prevent
torsion and to maintain normal rotation. Good
depth of the nails in the centre of the femoral
head will secure the best possible fixation and
also compensate the tendency of the nails to
cut out of the femoral head. It should also be an
aim to create the best possible fixation within
the proximal part of the medullary cavity. This
is done by filling the medullary cavity with
several nails; as many as seven or eight nails
might be needed. A good fixation in this re-
spect will reduce the motion in the fracture be-
tween the nails and the endosteal surface of
the femoral shaft, which will prevent nail mi-
gration as well as outward malrotation, and
will also minimize postoperative pain. Our re-
sults confirm that in early technical failures,
an inadequate position of the nails, together
with an inadequate number of nails in the me-
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dullary canal is responsible. When the fault is
only at one main point, late technical problems
can be expected.

We have previously demonstrated an in-
creased rate of unstable fractures in patients
with decreased bone stock, with similar domes-
tic types of trauma (Zain Elabdien et al. 1984).
Thus the unstable fracture is more common
among patients with low bone quality. An ade-
quate procedure considering every technical
aspect is therefore essential when Ender nail-
ing is the choice of treatment, as the risk of
failure is most obvious in these fractures.

It is evident that the results of more recent
prospective studies are superior to those of the
early 1970s, indicating that more experience
has been gained in the method, as Nilsson
(1984) has clearly shown. It was also concluded
by Pasoff & Schein (1980), who reviewed 100
consecutive fractures after Ender nailing, that
there are no pertrochanteric fractures that
cannot be treated by this method. Our results
in this series seem to confirm this statement.

Conclusions

Ender nailing can eliminate many of the prob-
lems associated with pertrochanteric fractures:

1. Immediate mobilization with full weight-
bearing is possible for most patients after
an adequately performed operation.

2. An appropriate surgical technique with due
regard to the position and fixation of the
nails in the femoral head as well as in the
medullary cavity will give a low failure rate.

3. The risks of failure mainly threaten osteo-
porotic patients with unstable fractures.

4. Ender nailing is a suitable method of treat-
ment for almost all types of intertrochan-
teric femoral fractures in elderly patients.
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