Acta Biomed 2020; Vol. 91, Supplement 14: ¢2020003

DOI: 10.23750/abm.v91i14-S.10725 © Mattioli 1885

ORIGINAL ARTICLE

Rotational malalignment in femoral nailing: prevention,
diagnosis and surgical correction

Luigi Branca Vergano, Gianluca Coviello, Mauro Monesi
Unita Operativa Ortopedia e Traumatologia, Ospedale M. Bufalini, Cesena (FC), Italy

Summary. Background and aim of the work: to review and discuss the literature about rotational malalignment
during and after femoral nailing. Mezhods: analysis of the literature on prevention and evaluation of rotation
during femoral nailing, clinical and subjective consequences of malrotation and techniques used to correct the
deformity, both in the acute and chronic phase. Resu/ts: malrotation is very common after femoral nailing. The
exact definition of a malrotated femur is controversial, but it is widely agreed that a rotational malalignment
<10 is considered normal while >30° is a deformity which requires correction. The complaints of the patients
with a malrotated femur can be various and can involve the hip, the knee or below the knee. The ability to
compensate for the deformity while standing and walking may decrease the symptoms. Surgical correction is
feasible with many techniques and devices: the procedure involving derotation, changing the locking screws
and maintaining the nail is safe, reproducible and relatively easy. Conclusions: prevention of malrotation during
femoral nailing is the cornerstone of successful operation outcomes. If rotational malalignment is suspected,
prompt diagnosis and adequate surgical treatment are mandatory to overcome this common complication.

(www.actabiomedica.it)
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Introduction

Intramedullary nailing (IMN) has become the
gold standard for the treatment of femoral shaft frac-
tures in adults (1, 2). Antegrade and retrograde IMN
are safe and highly reproducible techniques to address
fractures of femoral shaft, even with proximal (subtro-
chanteric) and distal (supracondylar) extension. These
techniques were proven to be very effective in achiev-
ing union in such fractures, due to their biological ad-
vantages, which include minimal surgical dissection
and indirect fracture reduction without disruption of
the fracture hematoma. The incidence of union fol-
lowing IMN of closed femur fractures (and even in
re-nailing procedures for femoral shaft non-unions) is
nearly 99% (3, 4).

IMN is usually performed as a closed procedure,
thus malalignment can frequently occur. The resulting

deformity may include improper length, malrotation
and angular malalignment (5, 6). These malunions
are not always clinically evident and they can of-
ten be detected only through accurate and thorough
radiological exams. Malrotation is the most frequent
malalignment after IMN (range 2.3% to 35%), it is
very difficult to detect both radiographically (during
and after the operation) and clinically, and it is often
underappreciated (7, 8, 9). Patients with bilateral fe-
mur shaft fractures have a higher risk of healing with
a malrotation of their femurs. This was clearly demon-
strated by Citak (10), who, in his series of 24 patients
(48 femoral fractures), described 41.2% femoral mal-
rotation >15°. Possible explanations for these results
will be discussed later.

The exact angle at which a healed femur con be
considered “malrotated” is hard to define. Some authors
consider 10° to be the cut-off (11), while others define
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a malrotation when the malunion exceeds 15° (6, 8, 12).
Between 10° and 15° there is a “grey zone”, where a
paraphysiological malrotation is acceptable. However,
even in moderate malrotation, many reports suggest
that these deformities after IMN are usually well toler-
ated by the patient and do not appear to impede normal
activity. On the other hand, for malrotation >30°, there
is broad agreement on surgical correction (13, 14).

Evaluation of Rotation During and After Femur
Nailing

The data available are not uniform regarding
the percentage of malrotation in relation to the level
of femoral shaft fractures (proximal, middle or distal
third). Thoresen (15) reported a higher frequency of ro-
tational malalignment in distal femoral shaft fractures;
Winquist (5), on the contrary, in proximal third; while
Jaarsma (8) and Karaman (16) did not find any corre-
lation between torsional deformities and fracture loca-
tion. Fracture patterns with a higher risk of malrotation
include transverse, segmental and comminuted frac-
tures (especially those associated with bone loss) (17).

Patient positioning is considered by some authors
to influence the rate and direction of malrotation; gen-
erally, the surgeon must be aware of the tendencies to-
wards internal rotation (femur in traction on a fracture
table) and external rotation (free-leg on a flat table) in
the different positions of the patient (18). Conversely,
Tornetta (12) found no correlation between malrota-
tion and patient positioning. Even anterograde and
retrograde femoral nailing do not seem to affect the
final malrotation rate (6).

A reason for the high incidence of femoral malro-
tation after nailing is the difficulty to accurately assess
the torsion alignment of the femur during the opera-
tion. Many techniques currently exist to determine
the femoral antetorsion intraoperatively, and they are
mainly based on comparison with the contralateral,
uninjured femur. However, none of them are abso-
lutely precise in determining the right rotation of the
injured femur.

Clinical evaluation during surgery has proven to be
an inconsistent method of judging rotation, with missed
malrotation >20° in 40% of the cases (8). Comparison

of the fractured limb with the uninjured side in a clini-
cal evaluation with observation of foot rotation is feasi-
ble only when the patient is supine on a flat table. Even
then, the swollen thigh, the rotation of the proximal
fragment and other variables make an accurate clinical
evaluation extremely difficult, if not impossible. An-
other clinical method is the comparison of the passive
arc of motion of the femoro-acetabular joints: each hip
is fully rotated both internally and externally. Assum-
ing that each hip is free of pathology and has a similar
amount of total rotation, then a side-to-side difference
can be attributed to malrotation through the fracture
site. These manoeuvres during surgery are possible only
once the nail has been locked; furthermore, femoral
anteversion is patient-specific and varies considerably,
with significant bilateral differences. In the absence of
previous trauma, some people have anteversion differ-
ences of 15° between limbs (19).

The evaluation of the profile of the lesser tro-
chanter is one of the most widely used methods to as-
sess femoral rotation during nailing (8, 9, 20). A true
lateral view of the knee of the uninjured side is ob-
tained with a fluoroscopy. The distal femur is then held
in that position while an antero-posterior view of the
proximal femur is obtained to evaluate the profile of
the lesser trochanter. This image is either stored digi-
tally or printed out. After positioning the patient, the
knee of the injured side is held in the right position
after obtaining a true lateral view. The proximal part of
the femur is then rotated, either with a Shantz screw,
long haemostatic forceps (21) (Fig. 1) or a reduction
clamp (22), until the profile of the lesser trochanter is
comparable to the saved image of the healthy side.

After that, the nail can be inserted and locked.
With this technique, the difference in rotation be-
tween the two sides was reported to be <4° (9). When
considered alone, the profile of the lesser trochanter
was demonstrated to be an inaccurate method, result-
ing in a rotational malalignment of up to 19° (8). For
this reason, it is advisable to always compare it with
the contralateral side. This method cannot be used
in bilateral femoral fractures (due to the impossibil-
ity of a comparison with the uninjured femur), when
the fractures involve the lesser trochanter or in patients
with pre-existing hip diseases. Another practical limi-
tation of this technique, often noted by the writing
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Figure 1. Correction of external rotation of the proximal femur in a shaft fracture. a: the lesser trochanter is fully visible. b: haemo-
static forceps are used to internally rotate the proximal femur. The difference in the profile of the lesser trochanter can be noted

author, is the difficulty to maintain the exact rotation
of the proximal femur during reaming and insertion of
the nail. The technique of the lesser trochanter, even
though very popular, is not widely accepted and simi-
lar results in correction or malrotation are obtained
with other methods (23).

Another technique is the one described by Hilgert
(24) and, similarly, by Tornetta (12). The assumption
of this method is the possibility to measure femoral
antetorsion with a C-arm. Taking an uninjured femur,
the limb is positioned to obtain a perfect lateral view
of the knee (overlapping of the posterior condyles).
Afterwards, the C-arm is rotated until an axial view
of the hip joint is obtained (femoral neck in line with
the shaft) (Fig. 2).

The degree of rotation of the C-arm in relation to
a horizontal axis is equivalent to the antetorsion of the

femur. Intraoperatively, the antetorsion can be meas-
ured in the uninjured side and then reproduced in the
fractured femur before nail locking. Even in bilateral
femur fractures, one can assume a standard antetorsion
of the femur (for example 15°) and then lock the nails
with this theoretical antetorsion.

Another method used to check rotation of two
fracture stumps is the comparison between the corti-
cal thickness above and below the fracture. Moreover,
the difference in diameter between proximal and distal
fragments can suggest malrotation, especially where
the femur has a different bone cross-section (oval
rather than round) (25, 26). An important limitation of
this method is that it is only effective in detecting con-
siderable rotational deformity in transverse fractures.

Recent studies based on computer naviga-
tion have demonstrated that the injured femur can
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Figure 2. Fluoroscopic image of a perfect lateral view of the knee (a) and axial view of the hip joint (b — in this case with an ipsilateral
neck fracture). The degree of rotation of the C-arm to obtain these two images is equivalent to the antetorsion of the femur.

be accurately locked to match the femoral antever-
sion of the uninjured side (27, 28): the probability of
rotational deformities >15° was significantly reduced
thanks to the use of navigation. This method can mini-
mize fluoroscopic requirements, but can be performed
only with unilateral femoral shaft fractures (29). How-
ever, the disadvantages of this technique are computer
instrumentation, software availability and high costs.

In the post-operative period, malrotation can be
clinically noted only in a small amount of patients (8,
30). Comparing foot rotation can be difficult, due to
concomitant lower limbs injury and the physiological
oedema of the thigh that tends to externally rotate the
limb. After some days or weeks, the possible malrota-
tion can be better detected (Fig.3a) and, in a deambu-
latory patient, the tendence to internally or externally
rotate the foot can be noted during walking (31, 32).
The patient themselves can complain of the aesthetical
aspect of the deformity.

Standard X-rays, both antero-posterior and lat-
eral, are usually acquired after IMN (Fig. 3b). Evalu-
ating only the injured femur is not suflicient to de-
tect a possible rotational deformity; when in doubt of

malrotation, a standard antero-posterior X-ray of the
pelvis can be done with the feet in neutral rotation,
forming a 90° angle with the X-ray table. In case of
malrotation, the profile of the lesser trochanters will
vary between the two sides (Fig. 4). This exam is very
effective, but positioning the patient correctly may be
extremely difficult.

A non-invasive, radiation-free method to detect
malrotation is examination with ultrasound, but this
is very operator-dependent and poorly reproducible
(30, 33).

The most commonly used and accepted exam to
assess malrotation is the one described by Jeanmart
(34) using CT scans, which consists in acquiring axial
cuts at the level of the femoral neck and the femoral
condyles. The angle between the axis of the femoral
neck and the line tangent to the posterior condyles
represents the angle of antetorsion of the femur. This
angle can be compared to the uninjured side (even
though some anatomic variability between the two fe-
murs is widely accepted) (Fig. 5).



Rotational malalignment in femoral nailing: prevention, diagnosis and surgical correction 5

Figure 3. Clinical (a) and radiological (b) picture of internal rotation deformity after IMN of right femur. The deformity can be sus-
pected in plain X-rays — see the position of the patella — (b) and it is obvious with clinical observation (a).

Figure 4. Antero-posterior X-ray of IMN for bilateral femur fracture. a: the patient is supine with feet free to rotate. b: the patient
is supine with feet forced in neutral position. A marked difference of the profile of the lesser trochanters can been noted, suggesting
a malrotation.
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Figure 5. CT scans with axial cuts at the level of the femoral neck and the femoral condyles. The angle between the two lines (along
the femoral neck and tangent to the posterior condyles) in the injured femur (black lines) is compared with the contralateral side
(white lines), revealing a possible different rotation (nearly 40° in this case)

Clinical and Subjective Implications of Femur
Malrotation

As discussed above, rotational deformity after
IMN is the most common form of malunion. Tor-
sional differences <10° are considered normal varia-
tions, while differences >15° are considered torsional
deformities by some authors (3, 5, 8). Rotational mala-
lignment between 10° and 14° is considered a “contro-
versial zone” by many authors, while Kent (14) defines
it a “difficult area” when the deformity is between 15°
and 30°, because he believes that a large proportion of
people will tolerate this deformity. There is no doubt
that a >30° difference of rotation between the femurs
can lead, very frequently, to serious complaints (13,
14). Large degrees of malrotation lead to a higher in-
cidence of hip, knee and ankle osteoarthritis (35). The

crucial point is what can be considered a symptomatic

rotational malalignment of the femoral shaft, with its
clinical, objective and subjective implications (8, 30).

Patients with a femur malrotation tend to com-
pensate the deformity by rotating the lumbo-sacral
junction, the hip and lower extremity (knee, ankle,
foot) on the whole (36). With this compensatory pos-
ture, a mild to moderate malrotation could be well
tolerated and the patient can be totally asymptomatic.
Usually, all the patients compensate even for consider-
able rotational malalignment while standing and to an
even greater extent when walking (32).

Yildirim (31) argues that an external rotation de-
formity >10° leads to patellofemoral joint symptoms.
The patient complains about pain during demanding
activities (especially climbing stairs, running and ac-
tivities stressing the patellofemoral joint).

Karaman (16) reported a retrospective compara-
tive study on 24 monolateral femoral shaft fractures
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treated with closed antegrade IMN. The femurs were
analysed with CT scan and rotational malalignment
was determined comparing the injured and the un-
injured side. 41.7% of the patients had a rotational
malalignment >10° (range 10°-25°) compared to the
unaffected side. After analysing Lysholm Score Sys-
tem and WOMAC knee, the scores were significantly
worse in patients with rotational malalignment com-
pared to those without. Especially when climbing
stairs and doing sports activities, the patients with ro-
tational malalignment complain about anterior knee
pain. Increase in mediolateral forces, caused by the
torsional deformity of the femur, leads to augmented
patellofemoral contact pressure. This abnormally high
stress on the articular surface may lead to chondro-
malacia and, later on, to degenerative arthritis. The
author did not find any correlation between the mal-
rotation direction (internal or external) and the pa-
tients complains. Some patients even reported hip
pain, correlated with a degree of malrotation, while
ankle and foot pain were not reported by any patients
in the study.

Gugala (32) reported 16 patients enrolled in his
study. The femur alignment, analysed by CT scan,
revealed internal rotation in five patients (range 3°-
13%) and external rotation in eleven patients (range
3°-32°). The patients were asked to fill in a question-
naire measuring patient functional satisfaction with
the overall outcomes. There was no statistically sig-
nificant association between the direction or extent
of foot rotational alignment and patient satisfaction.
The author observed that external rotation malalign-
ment did appear to be better tolerated than internal
malrotation.

Citak (10) reported 24 patients with bilateral
femur fractures. Femoral malrotation >15° was de-
tected in 10 cases; in four cases, a revision surgery
was required, while the other six patients had no pain
nor other subjective symptoms and did not require
revision surgery. The conclusions, similar to the ones
drawn by Gugala were that, between a certain range
of deformity, functional symptoms seem to correlate
more with the ability to compensate for the rota-
tional deformity rather than with the entity of the
malrotation.

Surgical Correction of a Malrotated Femur

In symptomatic patients with moderate to severe
malrotation, once the degree of rotational malalign-
ment of the femur is calculated, the deformity should
be corrected. If the deformity is detected soon after
surgery, surgical correction should be done as early as
possible. If performed immediately, the operation is
much easier, because the surgeon can act on a fresh,
ununited fracture. Furthermore, the patient has not
compensated with hip, knee, ankle and foot posture
yet and they have not changed their gait. Otherwise,
in delayed cases, the fracture is usually healed and the
operation has to be carried out with an extra surgical
step (osteotomy of the femur), and changing the fixa-
tion device is often required (37).

In acute correction, a safe and relatively easy pro-
cedure to address malrotation consists in changing the
distal locking screws, leaving the femoral nail in situ
(37, 38). The patient is supine on a radiolucent table,
with the two legs free and draped. A Shantz screw is
inserted into the femur, proximal to the fracture site,
and another one is inserted distally. They can be in-
serted parallel to each other or with different angles; in
the latter choice, the degree and direction of rotation
of the distal screw is determined by the pre-operative
CT scan, representing the angular deformity the sur-
geon wants to correct. The angle between the screws
can be measured with a goniometer or other protractor
(for example, the one used for the Maquet tibial os-
teotomy) (38). The closer these screws are positioned,
the easier it is to compare the angle between them. The
writing author suggests inserting two extra Kirschner
wires, just proximal and distal to the fracture site, in
order to better view the different rotation between
fracture stumps (Fig. 6a). The distal locking screws
are now removed and the femur can be rotated in the
direction opposite the deformity. The rotation can be
achieved acting on the distal Shantz screw, with the
proximal femur maintained still with the other screw.
The Shantz screws need to have strong purchase in the
bone: the writing author suggests positioning the prox-
imal one in the subtrochanteric region and the distal
one just proximal to the metaphysis. When the Shantz
screws (or the Kirschner wires) become parallel, the
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correction is obtained (in case they have been initially
positioned with the desired degree of rotation to cor-
rect) (Fig. 6b). During correction of rotation, if the
backstroke technique has been used during primary
nailing, it could be necessary to apply traction to the
femur before rotating it, and then compact it again.
The correct rotational alignment can be now further-
more checked with a C-arm, comparing the antero-
posterior aspect of the lesser trochanter and the lateral
view of the knee with the uninjured side, as described
above when nailing a fresh femur fracture. The writ-
ing author suggests now to connect the two Shantz
screws with the bar of an external fixator: this is useful
to maintain the correction of the rotation, even if we
have to move the limb to better perform the new distal
locking (Fig. 6c¢).

Now we can proceed to distal locking with two
or more screws. In case of mild to severe malrotation
deformity (>25-30°), it is possible to place new distal
locking screws through new drill holes without inter-
ference from the previous insertion site for the locking
screws. In case of correction of malrotation <20° (after
thorough discussion with the patient about the real ne-
cessity to correct it), the aforementioned risk in distal

locking can be overcome by using alternative locking
holes (if the nail design allows it) or, alternatively, the
nail could be advanced or retracted to avoid the previ-
ous screw tracks.

In chronic cases, after positioning the Shan-
tz screw, a lateral approach is required to perform a
circumferential osteotomy around the femoral nail
(Fig. 7): this can be achieved with a chisel, an oscillat-
ing saw or using a Gigli saw. The level of the osteotomy
is chosen by the surgeon, while some authors suggest
a subtrochanteric osteotomy (39). Once the femur has
been derotated, bone graft can be added around the
osteotomy site (38).

Other methods to correct rotational deformity
have been described; most of them rely on substitut-
ing or adding a new fixation device (external fixation,
plate and screws, intramedullary devices) (40, 41, 42).
In case of removal of the original device, the opera-
tion could be technically difficult, leading to major
blood loss and requiring extra time. In chronic cases,
if the surgeon decides to remove the nail, a trans-
verse osteotomy is performed with an open technique
(as discussed before) or with an intramedullary saw;
the latter technique reduces the disruption of the

Figure 6. Surgical correction of malrotated femur in acute phase. a: the proximal K-wire (*) is perpendicular to the femur; the distal
K-wire is positioned with an angulation according to the rotation deformity (§). b: acting on the distal Shantz screw, the distal femur
is externally rotated, getting the K-wires parallel. c: the bar of an external fixator is positioned to maintain derotation while locking

the nail.
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Figure 7. Same clinical case of Fig. 3. Surgical correction of chronic malrotation. a: CT scan revealing 30° of internal rotation. b:
fluoroscopy image of the osteotomy and the new distal locking screws. c: lateral approach and external fixator to help maintain the
derotation osteotomy. d: clinical appearance at the end of the procedure. e: bone healing three months after surgery.

periosteal blood supply and aids bone healing (43).
After that, the rotational correction is made and a new
device positioned (larger nail or plate and screws or
external fixator).

Conclusions

Rotational malalignment is very common after
closed IMN of the femur. While mild degrees of mal-
rotation are well tolerated by the patient, moderate and
severe malrotation can cause pain and disability. After
IMN of the femur, it is very difficult to understand if
a patient’s complaints are due to a possible malrota-
tion or to other factors connected to the injury. In case

malrotation exceeds 30°, it should be addressed as early
as possible. The operation has to be discussed accu-
rately with the patient and a CT scan is mandatory to
assess the degree of malrotation. Maintaining the nail
and exchanging distal locking screws after derotation
is the most widely used technique: every step should be
carried out thoroughly and a C-arm is fundamental to
check the final result.
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