
Rotational deformity is a more common problem

than one might expect in the treatment of femoral

shaft fractures. this review presents two cases of

femoral malrotation following intramedullary nailing

of the femur. the presentation, importance of early

recognition, investigation with a Ct scan, and the

technique of correction is discussed in detail. the

importance of intra-operative assessment to avoid

this complication is highlighted and a review of the

current literature on this problem and its treatment is

presented.
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INtRoDUCtIoN

Intramedullary nailing of the femur has become

the gold standard for the treatment of femoral shaft

fractures in the skeletally mature population (22,23).

It is a commonly performed procedure with a low

rate of complications and a high rate of union 98 –

99% (22,23). However complications do occur and

femoral malunion is more common than one may

expect (2,11,14,17,22,23). Some series fail to comment

upon rotational malalignment and those that do,

define rotational malalignment differently. However,

when it is reported, it is the most common form of

malunion ranging from 8% to 28% (2,11,19,22).

Careful attention to detail intra-operatively helps in

avoiding this complication especially at the stage of

proximal and distal locking of the intramedullary

device. 

This review describes our experience with two

patients who presented to our institution with

femoral malrotation following intramedullary nail-

ing at other institutions. The assessment in terms of

clinical findings and pre-operative planning, opera-

tive technique for correction and tips on avoiding

this complication are presented and the current lit-

erature on the subject is reviewed.

CAse RepoRts

Case 1

A 45-year-old male sustained a closed, mid-

shaft fracture of the femur whilst skiing in Austria.

He underwent fixation of his femoral fracture with

a TriGen® (Smith and nephew) intramedullary

nail in Austria. Traction during the procedure was
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obtained using a supracondylar pin. He was

referred to our institution for follow-up upon his

return to the United Kingdom. Clinical assess-

ment six days post-operatively revealed that the

wound was healing nicely and the overall align-

ment of the limb was satisfactory. However, he

was noted to have an excessive amount of internal

rotation and no external rotation in the affected

lower limb. A CT scan was arranged to assess the

deformity and he was found to have a 30° internal

rotation deformity of the femur compared with the

normal side.

Case 2

A 15-year-old boy fell off his bicycle and sus-
tained a mid-shaft fracture of the femur, which
was treated with a reamed intramedullary nail on
a fracture table with no skeletal traction. Due to
difficult family circumstances his follow-up was
disjointed. He first review occurred at 8 weeks
following surgery. At this point he was comfort-
able, the wounds had healed and had been fully
weight bearing for two weeks. However, over the
course of the past few weeks he had noticed that
he could almost point the foot of his injured leg
backwards by internally rotating the leg when this
had never been possible prior to surgery and was
certainly not a feature on the normal side. Clinical
examination revealed that he had no external rota-
tion and excessive internal rotation of the affect-
ed side. Antero-posterior and lateral radiographs
demonstrated good overall alignment and early
callus formation (fig 1). However, in view of the
clinical deformity a CT scan was arranged which
demonstrated an internal rotation deformity of
35° compared with the normal side (fig 2).

opeRAtIve teChNIqUe

The CT had been performed in both patients pre-

operatively to exactly quantify the amount of rota-

tional malalignment, as measuring this precisely

can be difficult clinically. The radiologists used the

same methods as those used for assessing rotation-

al problems in children described by Jeanmart et

al (13). The method described by Jeanmart et al has
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Fig. 1. — Pre operative radiograph demonstrating early callus

Fig. 2. — CT assessment of the rotational alignment using the

method described by Jeanmart.



been used in the assessment of rotational malalign-

ment following intramedullar nailing of the femur.

Scans were obtained at the same level through the

femoral neck region, femoral condyles and the dis-

tal tibia. when each scan is compared with the neu-

tral axis, usually the ground, an exact idea of the

degree of deformity and the level of deformity can

be achieved.

Following appropriate pre-operative counseling

and consent, both the patients were admitted for

correction of the rotational malalignment. The

patients were positioned on a radiolucent fracture

table with the leg free ; prophylactic antibiotics

were administered prior to the procedure.

Both patients had demonstrated a good amount

of callus formation pre-operatively and therefore

the fracture site was exposed using a vastus split-

ting incision. Any callus that would prevent rotation

of the fracture was removed or disrupted. The distal

locking screws were removed and a K-wire was

placed on either side of the fracture site, the distal

K-wire being rotated in the direction and magnitude

equal to the rotational deformity measured on

the pre-operative CT scan. The distal femur was

allowed to rotate on the intramedullary nail until the

K-wires became parallel to each other ensuring that

the deformity was corrected accurately. As these

patients had such a significant rotational deformity

it was possible to place new distal locking screws

through new drill holes without interference from

the previous insertion site for the locking screws.

The patients were allowed to weight bear as pain

allowed and rehabilitation resumed. Both patients

achieved full union with normal range of movement

and return to pre-injury functional status at six

months with no complications.

DIsCUssIoN

Femoral malrotation following fractures of the

femoral shaft has always been a problem as it is

difficult to correct and maintain correction with

non-operative treatment methods. The advent of

the locked solid or larger diameter cannulated

intramedullary femoral nail has allowed for excel-

lent control of femoral rotation and therefore in

theory should have resolved this issue. Unfortu -
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nately, assessing rotation intra-operatively can be a

difficult task especially in multifragmentary frac-

tures and is usually done by intra-operative clinical

assessment. Although the use of the profile of the

lesser trochanter has been described as a radiolog-

ical marker that can be used intra-operatively (12),

it has not gained widespread acceptance. Clinical

assessment whilst the patient is under general

anaesthesia is also difficult. Most surgeons use the

ankle or patella and try to align them symmetri -

cally with the unfractured side or the floor but this

does not take into account the position of the prox-

imal fragment and could be moved during reduc-

tion attempts. In addition intramedullary nailing of

the femur can be undertaken in the lateral decubi-

tus position without traction  as well as supine on a

traction table with traction provided through a boot

or a Steinman pin. Advocates describe the benefits

of each method but there does not appear to be any

significant difference between the rates of rotation-

al malalignment (18). As all methods of rotational

assessment are difficult and potentially unreliable

one needs to be extremely vigilant for problems.

Utilisation of both radiological and clinical assess-

ment techniques comparing with the normal side

should help prevent problems (24). It is due to these

difficult and inexact methods of assessing the rota-

tion that problems are likely to occur.

Recent advances in computer navigation and in

particular the development of more reliable non

invasive markers for the uninjured side (15) make

the use of computer navigation in the setting of

trauma more attractive. Studies have demonstrated

that the injured femur can be accurately locked to

match the femoral anteversion on the uninjured

side (6,8,16). In a comparative study, the probabili-

ty of rotational deformities beyond 15° by the use

of navigation was markedly reduced (6). The use of

computer aided navigation has not yet been wide-

spread but as navigation   becomes more widely

available it will inevitably become more cost effec-

tive to include its use in the trauma setting.

Quantifying rotational malalignment accurately

in the post-operative period is a difficult task as

well. Clinical assessment has been demonstrated to

be unreliable in the past (1,11) and therefore other

methods have been developed. Some centers have



used ultrasound but this is very operator dependent

(1,2,19). Radiographs are unreliable as it is not

possible  to quantify the rotational deformity with-

out difficult patient positioning. MRI can be used

in the same way as CT, but is not readily available

and is time consuming and expensive. The most

commonly used and accepted gold standard assess-

ment is that described by Jeanmart et al (13) using

CT scans.

Side to side differences in femoral neck antever-

sion of up to 10° among normal subjects are rela-

tively common (1). Braten et al (2) found that most

malalignment problems occurred at the time of

surgery but those patients with less than 10° of dif-

ference when compared with the normal side rarely

complained. However, once the difference rose to

above 15° the patients often perceived it as a prob-

lem and above 30° of side-to-side difference seri-

ous complaints likely. It has also been demonstrat-

ed (7) that alteration in the rotational axis of

the femur leads to significant alteration in the

weight-bearing axis if it exceeds 30° in the sub-

trochanteric region or 45° in the midshaft.

Alteration in the rotational alignment of the limb

can be demonstrated on gait analysis by alteration

in the foot progression angle (10). It is perhaps

not surprising that larger degrees of malrotation

lead to a higher incidence of hip, knee and ankle

osteoarthritis (5). 

Series looking at the outcomes of intra-

medullary femoral nailing describe the incidence

of malrotation as being surprisingly high, ranging

from 8 to 28% (2,11,19,22) with no difference in

rotational problems when comparing antegrade

versus retrograde femoral nailing (19). The majori-

ty of these rotational problems have been detected

because they have been looked for as part of the

studies being conducted, but they are not notice-

able to the patient and therefore are not relevant

clinically. Most studies do not report further inter-

vention as being necessary.

Once full union has occurred the only way to

correct rotational alignment is with an osteo tomy

and this can be performed around the nail or using

Ilizarov’s principles (3) but more often a subtro -

chanteric osteotomy (20) is utilised. This requires a

fairly invasive surgical approach although Stahl et
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al (21) and Itoman et al (9) recommend closed

intramedullary sawing as an option.

Our patients had a clinically obvious deformity

that was quantified by an early CT scan. Both our

patients had very significant rotational malalign-

ment that was likely to lead to serious complaints ;

therefore we decided to intervene early. This

allowed rotation of the femur on the original

intramedullary nail after a relatively small incision

to allow clearance of any early callus at the origi-

nal site of the fracture. As the amount of rotation

required was significant, new locking holes could

be created without a major problem but one can

envisage this not being the case in minimal

amounts of correction.

Rotational malalignment is a well-documented

problem following intramedullary nailing of the

femur, and great care should therefore be taken

during the procedure to try and prevent this com-

plication. Careful attention to detail must be exer-

cised while reducing the fracture and final assess-

ment of rotation made clinically and radiologically

before both ends of the nail are locked. Patients

should also be assessed carefully clinically for

problems in the early post-operative period and if

gross abnormalities are identified a CT assessment

should be arranged to accurately quantify the

degree of malrotation. If this is below 15° then the

patient can be reassured as it is unlikely to cause a

problem. A difficult area is when the deformity is

between 15-30° , some clinical judgment and dis-

cussion with the patient should occur before

embarking upon surgical correction, as a large pro-

portion of people will tolerate this deformity. It

may also be more difficult to reposition the locking

screws without them falling into the previous

tracks. It is our belief that if the deformity is larger

than 30°, it is almost certain to cause the patient

some level of disability in the future and should be

treated. when treated early it can be relatively easy

and safe to correct large degrees of malrotation by

the method described above. 

It is only by careful assessment in the post-oper-

ative period that problems like this can be identi-

fied and when treated expediently can lead to sim-

pler treatment options, reduced overall treatment

time and morbidity.
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