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Abstract

Introduction Rotational malalignment following closed
intramedullary nailing of tibial fractures does not attract
attention but is a complication which may lead to serious
results. This study aimed to present findings related to
rotational malalignment from rotational alignment mea-
surements made clinically and with computerised tomog-
raphy (CT) in patients who had undergone locked
intramedullary nailing for tibial fracture.

A total of 26 patients (male/
female: 23/3) were evaluated after application of reamed
locking intramedullary nailing to a diagnosed tibial shaft
fracture. The mean age was determined as
37.5 £ 15.6 years. Rotational alignment was measured in
both lower extremities clinically as thigh-foot angle (TFA)
and radiologically with CT. Rotational malalignment was
accepted as a more than 10° difference between the two
lower extremities.

Results Malrotation was determined at more than 10°
from TFA in two (7 %) of 26 patients and from CT in five
(19 %) of 26 patients. In three of them, the malrotation was
>15°. Of the patients determined with malrotation with
CT, it was determined from clinical measurements in
40 %. The mean rotational difference was determined as
greater with CT measurement (4.7° &+ 9.5) compared to the
TFA (1.1° £ 5.6) (p < 0.001). No statistically significant
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relationship was determined between a rotational differ-
ence over 10° and the AO fracture type, fracture location
and fibula fixation.

Conclusions A significant number of patients treated with
intramedullary nailing for a tibial fracture may result in
rotational malalignment. To determine rotational mala-
lignment, a thorough clinical evaluation must be made and
different kinds of clinical measurements taken and, when
suspicions remain, determination should be made by CT.
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Introduction

Closed tibial shaft fractures are common injuries. As a
surgical treatment option, intramedullary nails have the
advantages of minimal dissection, excellent fracture heal-
ing and functional recovery. Nowadays, reamed intra-
medullary nailing is the best choice for most tibial shaft
fractures surgical treatment.

Axial rotational malalignment of the lower extremity
can be defined as impairment of the axial alignment
between thigh and foot. Tibial torsion is defined as the
turning of the proximal and distal of the leg in the same
axis and rotation as turning in a different axis [1]. Rota-
tional malalignment following closed intramedullary nail-
ing of tibial fractures does not attract attention but is a
complication which may lead to serious results. Clementz
reported [21] greater outward rotation of the right tibia and
difference in torsion between the right and left tibia ranged
—11° to 15° in normal adults. Because of the variable value
of tibial torsion in normal adults, evaluating rotational
alignment could be difficult for a tibial fracture after
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treated with intramedullary nailing. There is limited
information on the real incidence of rotational malalign-
ment following tibial fractures, where torsional degree is
important or indications for correction [2].

Rotational malalignment of the lower extremity causes
changes in the knee and ankle joint biomechanics; thus in
the early stages, arthrosis may be seen associated with
changes in joint cartilage and weight-bearing on the joint
[3-7]. Rotational malalignment is also a cosmetic problem.
Both clinical and radiological methods can be used to
determine tibial rotation. Defined clinical methods of
measuring tibial rotation are the thigh-foot angle (TFA)
and thigh-transmalleolar angle. TFA is easier to measure
than thigh-transmalleolar angle and is the most practical
way to understand the rotational deformity [8]. As a
radiological method, computerised tomography (CT) is a
more reliable and reproducible method to determine rota-
tional malalignment [10-12].

This study aimed to present findings related to rotational
malalignment from rotational alignment measurements
made clinically of the TFA, and with CT, in patients who
had undergone locked intramedullary nailing for tibial
fracture.

Methods

Between January 2011 and October 2011, 26 patients (23
male, 3 female) aged mean 37.5 & 15.6 years were treated
at our clinic with reamed intramedullary nailing for tibial
shaft fractures. Ethical approval for the study was granted
by the local ethics committee. Informed consent for CT
scanning was obtained from all patients. The study group
comprised patients with tibial fractures who had been
treated with reamed intramedullary nailing. The fractures
were sixteen right side and ten left side. Patients with a
pelvic fracture, femoral fracture or contra lateral tibia
fracture were excluded from the study.

According to AO fracture classification, the fractures
were fourteen Type A, nine Type B and three Type C. Of
the fractures, sixteen were in the mid-third of the tibia, six
in the distal third and four in the proximal third. In 22
patients, the fractures were closed, and in four patients
open fractures; according to Gustilo-Anderson classifica-
tion, Type 1 in two patients and Type 2 in two patients. In
all 26 tibial fractures, there was also fibula fracture, which
was fixated in six cases and not fixated in 20 cases.

All the tibial shaft fractures were treated with the same
intramedullary nailing system (TRIGEN META-NAIL
tibial nail, Smith&Nephew, USA) and the same operative
protocol. We have used supine position for nailing; traction
table did not use in any patients. Standard intramedullary
nailing approach was used and all fractures reduced closed.
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We did not use a standard technique to evaluate rotational
alignment intraoperatively, and to obtain this only the
healthy side was compared. We have used the same post-
operative protocol for the patients. All patients were mo-
bilised with partial weight-bearing until clinical and
radiological union and then mobilised with full weight-
bearing. All patients were operated on within 1-week of the
injury. Patient routine follow-up was made with physical
examination and standard plain X-rays.

The clinical measurement of TFA was taken by goni-
ometry [8, 9]. With the patient in a prone position, the
ankle was put into a neutral position with the knee in 90°
flexion. The foot axis and thigh axis of both lower
extremities were measured by goniometry (Fig. 1). The
difference between the two was determined as the rota-
tional difference.

For all patients, a CT scan of both tibia was taken to
determine any rotational malalignment. A standard

Fig. 1 The clinical measurement of thigh—foot angle. With the
patient in a prone position, the ankle was put into a neutral position
with the knee in 90° flexion. The foot axis and thigh axis of both
lower extremities were measured by goniometry
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technique, similar to those previously described in litera-
ture, was used [10-14]. The patient was placed in a supine
position with both lower limbs in full extension with a
support to minimise movement during scanning. The
proximal and distal transverse axes were determined by CT
scanning. The CT images included axial cuts just above the
proximal tibiofibular joint [11] and immediately proximal
to the tibiotalar articulation [10] of both limbs.

Rotation measurements were made from the CT slices
taken. The proximal measurement was defined as the angle
between the tibia posterior cortex immediately above the
fibula head and the transverse axis [11]. In the distal, the
measurement was taken as the angle between the line
passing from the fibula and tibia centre on the slice taken
immediately over the tibiotalar joint and the transverse axis
[10] (Fig. 2). By comparing with the healthy side, the
rotational difference between the two sides was defined.
Positive values were evaluated as external malrotation and
negative values as internal malrotation. As has been
accepted in previous studies on malrotation in literature,
more than 10° between the two extremities was accepted as
a rotational difference [2, 16, 24, 30].

Data were analysed with SPSS program (Windows
version 16.0). Mean values between groups were evaluated
with Wilcoxon paired sample test, Fisher’s exact test and
Chi square test. A value of p < 0.05 was accepted as sta-
tistically significant.

Results

The clinical TFA measurements of the healthy side deter-
mined mean rotation as 10.1° & 3.5. The rotational dif-
ference was between 7° internal rotation and 12° external

Fig. 2 Measurement of tibial
rotation with CT slices. a The
angle a between posterior cortex
of tibia and transverse axes on
the proximal slice. b The angle
b between the line passing from
the fibula and tibia centre and
the transverse axis on the distal
slice. a:—3.6° b:34° measured.
The rotation of leg measured

a + b: 30.4° and by comparing
with the healthy side, the

rotation. The mean rotational difference was determined as
1.1° £ 5.6. Rotation was internal in 12 patients and
external in fourteen patients (Table 1). Rotational differ-
ence of more than 10° was determined in two (7 %) of 26
patients.

In the CT measurements, the mean rotation of the
healthy tibia was determined as 27.9° £ 6.3. The rotational
difference was between 19° external rotation and 14°
internal rotation. The mean rotational difference was
determined as 4.7° 4+ 9.5. Rotation was internal in eight
patients and external in eighteen patients (Table 1). A
rotational difference of more than 10° was determined in
five (19 %) of 26 patients and of more than 15° in three
patients.

The difference between the mean clinical TFA mea-
surement (1.1° & 5.6) and the mean CT measurement
(4.7° £ 9.5) was statistically significant (p < 0.001, Wil-
coxon paired sample test). No statistically significant
relationship was determined between a rotational differ-
ence over 10° and the AO fracture type, fracture location
and fibula fixation (Table 2). The details of patients
determined with rotational difference of more than 10° are
given in Table 3.

Discussion

Malalignment in the sagittal, coronal and axial planes may
be seen in tibial fractures. Generally, more than 1 cm
shortness and more than 5° rotational or angular deformity
are accepted as malunion [29]. In most of the studies
malrotation was defined to be greater than 10° [2, 16, 24,
30]. Tibial malrotation findings are minimal and usually
patients have no clinical sign of tibial malrotation. By the

rotational difference was
defined
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Table 1 The rotational differences of patients measured by thigh—
foot angle (TFA) and computerised tomography (CT)

Malrotation 0-10° TFA/ 10-20° TFA/ Total TFA/
CT CT CT
Internal rotation 12/6 0/2 12/8
External 12/15 2/3 14/18
rotation
Total 24/21 2/5 26

Table 2 Relationship between rotational difference and the AO
fracture type, fracture location and fibula fixation

Rotational difference Rotational difference

TFA CT
<10° >10° p value <10° >10° p value
AO fracture type 1* 1*
Simple 13 1 11 3
Complex 11 1 10 2
Fracture location 0.588%#%* 0.079%**
Proximal 4 0 4 0
Middle 15 1 14 2
Distal 5 1 3 3
Fibula 1% 0.298*
Fixated 6 2 15 5
Not fixated 18 0 6 0

* Fisher’s Exact test

** Chi-square test

Table 3 The details of patients determined with rotational difference
of more than 10°

Malrotation Malrotation AO Fracture  Fibular
TFA degree CT degree fracture  location fixation
direction direction type

Internal 14 Internal A2.3 Distal Not fixated
6 Internal 14 Internal A3.2 Middle Not fixated
10 External 19 External A2.3 Middle Not fixated
12 External 18 External B3.2 Distal Not fixated
5 External 18 External C3 Distal Not fixated

patient noticing a difference in the cosmetic appearance of
the foot, or asymmetry between legs, tibial malrotation
may be determined [2, 16]. Bonnevialle et al. [31] reported
no clinical sign of tibial malrotation though the values were
22° external and 31° internal malrotation. The reasons for
the good functional outcome may be related to intrinsic
compensation mechanisms [30].

The most accurate measurement technique of tibial
rotation is anthropometric measurements made on autopsy
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samples. However, this technique is not possible in clinics
[10]. The indirect measurement of tibial rotation can be
determined in the clinic by measuring the TFA and the
thigh-transmalleolar angle [8]. The transmalleolar angle
can be measured using a gravity goniometer [32]. Tibial
rotation can also be estimated with the patient supine. The
patient is supine with the knees extended the ankles at
neutral flexion. The legs are then rotated until the patellar
surface is parallel to the floor. Measurement consists of
determining the angle subtended by the foot from the table
[16]. Milner et al. [18] compared four in vivo clinic
methods and reported that none of the indirect techniques
appears to measure true tibial torsion. They also stated that
as these clinical measurements, depend on the patient’s
position, they are not sufficient to reveal real tibial rotation.

The measurement of tibial rotation by radiological
techniques can be obtained by direct radiographs [19],
ultrasonography [20], fluoroscopically [21, 22] and by CT
[2, 10-15]. The use of CT in radiological measurements
was first described by Jacob et al. [10]. Several studies in
literature have used CT for the measurement of tibial tor-
sion [2, 10-15]. Studies have shown no differences in
measurement between observers using CT [2, 12]. Nega-
tive aspects of the method are the costs involved and
radiation exposure. In the current study, the measurement
of tibial malrotation was determined clinically with the
TFA and radiologically with CT.

Malalignment of the tibia is related to patellofemoral
instability [3], pes planus and impaired gait [23]. In the
long-term, weight-bearing increases on the knee and ankle
joint cartilage and degenerative changes may be seen [1, 3—
7]. As the hip and knee joints compensate for the tibial
malrotation, this leads to changes in both joints [7]. Puno
et al. [26] reported that malunions of tibia tend to affect the
foot and ankle more than the knee. Malalignment in the
lower extremities may affect functions such as running,
playing sport, and climbing stairs and may lead to limping
[17]. However, Theriault et al. [30] reported that patients
who have >10° of tibial malrotation following locked
intramedullary nailing for the treatment of a tibial fracture
have similar intermediate-term functional outcomes.

In addition to functional impairment and long-term
degenerative changes, tibial malalignment may also lead to
cosmetic problems [2]. In a study by Jaarsma et al. [17], it
was reported that there were more functional problems in
patients determined with external malrotation of the lower
extremity. Theriault et al. [30] did not found functional and
walking test differences between patients with internal or
external malrotation. In the current study, posterior tibialis
tendon insufficiency was determined in the short-term in
two of the patients with 18° external rotation. No symp-
toms were determined in the early stages in the other three
patients in malrotation >10° or patients with malrotation
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<10°, although it is unknown as yet what will develop in
the long-term in these patients.

Court-Brown et al. [25] reported malrotation in three of
125 patients in a study where malrotation was measured
clinically in patients who had undergone intramedullary
nailing for a tibial fracture. Malrotation was reported in one
patient of a series of 51 by Puno et al. [26]. These two
studies used unlocked intramedullary nailing. In studies
conducted on locked intramedullary nailing, Williams et al.
[27] determined malrotation in one of 102 patients and
Freedman and Johnson [28] determined no malrotation in
133 patients. In the current study, a rotational difference of
more than 10° was determined in two (7 %) of 26 patients
with the clinical measurement of TFA.

In contrast to the low rates of malrotation determined by
clinical measurements, in studies which measured radio-
logically with CT, Prasad et al. [15] determined malrota-
tion at a rate of 36 % in 22 patients, Puloski et al. [2] at
22 % in 22 patients, Jafarinejad et al. [24] at 30 % in 60
patients, and Theriault et al. [30] at 41 % in 70 patients. In
the current study, malrotation was determined in five
(19 %) of 26 patients with CT. A rotational difference of
more than 10° was determined in two of these five patients
with the clinical measurement of TFA. Thus, in the current
study, only 40 % of the patients with malrotation were
determined by the clinical method. In a study of 22 patients
by Prasad et al. [15] using CT, rotational difference of
more than 8° was determined in eight patients of which two
(25 %) were determined by clinical measurements. The-
riault et al. [30] reported that sensitivity of the clinical
method (TFA) as compared with the CT scanning was (16
of 29 patients) 55 % and its specificity was 73 %.

The mean value of TFA measurement has been reported
as 10° (—5°/30°) [8]. In the current study, the mean TFA of
the healthy extremity was determined as 10.1° (3°/16°) and
the mean torsion of the healthy tibia determined with CT
was 27.9° (18°/42°). These values were close to those in
previous studies in literature [13, 14].

In a study by Puloski et al. [2] of high-energy displaced
and distal tibia fractures, a tendency to malreduction was
reported. In the current study, five of the patients deter-
mined with malrotation were classified as AO A3-B3-C3
type complex fractures. In three of the five patients, the
fracture localisation was distal. Even though no statistically
significant relationship was determined from the results of
the current study between fracture type and localisation,
greater care is recommended in lower extremity alignment
during surgery while applying intramedullary nailing to
these types of fractures. To achieve this, differences in
physiological torsion [8—12] should be obtained by com-
parison with the healthy side rather than alignment of the
patella with the second toe [15]. Preoperative planning is
recommended for the comparison of the healthy extremity

[16]. Intraoperatively rotation measurement can be evalu-
ated by fluoroscopy with the method described by Cle-
mentz et al. [21, 22]. To obtain this method, first the
examined leg was rotated in such a way that the posterior
contours of the femoral condyles were observed to coincide
in horizontal plane. The leg was allowed to rest in this
basic position. After the fluoroscope was moved to the
level of ankle joint, the new line of reference equal to the
tangent of the inner surface of the medial malleolus was
found. The tibial torsion value was read on the protractor
on the C-arm. By comparing with the healthy side, the
rotational difference could be defined.

Limitations of the current study may be that the mea-
surements were made by a single observer, the number of
patients was low, there was no evaluation of the relation-
ship between rotational malalignment and limping,
impaired gait or functional outcomes and there was no
long-term follow-up of the patients.

In conclusion, a significant number of patients treated
with intramedullary nailing for tibial fracture result in
rotational malalignment. To determine rotational mala-
lignment, a thorough clinical evaluation must be made and
different kinds of clinical measurements taken and, when
suspicions remain, determination should be made by
computerised tomography. It should be always kept in
mind that it is much easier to reoperate and correct the
malalignment early than to carry out a late osteotomy.
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