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Research Paper: A New Radiographic Method for 
Estimating Tibial Malrotation

Background: Diaphyseal tibial fractures are the most frequent bone fractures in the body and 
are usually treated with intramedullary nailing method. However, this approach is responsible for 
41% of the rotational deviation. 

Objectives: This study aimed to provide a radiographic evaluation method to determine tibial 
malrotation in closed fixation of tibia bone fractures during or after the operation.

Methods: This study was conducted in a university hospital from May 2015 to March 2016. All 
patients referring to the hospital with the complaints of minor trauma around the ankle and knee 
requiring radiographic evaluation of both joints were enrolled in the study. The inclusion criteria 
included being 20 and 50 years old; having normal axial, sagittal, and coronal lower limb alignment; 
lacking previous lower limb injury (such as fractures of the tibia or fibula), ankle or knee sprain; not 
having previous lower limb surgery, metabolic or congenital bone diseases, or malignancy. In all 
cases, a standard Anteroposterior (AP) radiograph of the knee was taken, and then, without changing 
the limb position or image setting, an AP radiograph of the ankle was obtained. The overlap between 
the distal tibia and fibula was measured in the PACS program environment.  

Results: Fifty cases were included in this study. The Mean±SD ages of males and females were 
29.08±2.49 years and 31.46±2.04 years, respectively. The range of distal tibia-fibula overlap one 
centimeter above the tibiotalar joint line was 7.81 to 9.09 mm (confidence interval of 95%), and 
its percentage to the fibula shaft width at the same level was 49.43% to 54.35%.

Conclusion: According to the results, distal tibia-fibula overlap when the knee is in the true AP 
position, regardless of the side and gender, is 7.81 to 9.09 mm or 49.43% to 54.35%.
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1. Introduction

or many years, the tibial diaphyseal fracture 
has been the most common long-bone fracture 
in the body (approximately 80% of the frac-
tures) [1]. Surgery is the most common method 

of treating displaced fractures in tibial diaphysis which can 
be carried out through reduction with direct or indirect tech-
niques. In the indirect reduction technique, the fracture site 
is not opened. F
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This technique has many advantages over the direct meth-
od, such as an increased chance of bone healing and de-
creased chance of infection. With this method, bone fixation 
can be done with a plate or a nail [1]. 

Previous studies have reported that the best surgical 
treatment method for tibia fracture is the closed fixation 
with intramedullary nailing [1]. The disadvantages of this 
procedure are difficulty in its performance and malalign-
ment in sagittal, coronal, and axial planes. Recent studies 
have indicated that 41% of rotational malalignment occurs 
in this type of fixation [1]. Rotational malalignment can 
be evaluated with various clinical and radiographic meth-
ods such as Thigh-Foot Angle (TFA) [2], Transmalleolar 
Thigh Angle (TTA) [3], radiographic evaluation [3], ul-
trasonography [4], fluoroscopy [5, 6], and CT scan [7-9].  

According to traditional beliefs, the smallest rotational 
malalignment will result in a clear decline in function, 
patellofemoral instability [10], disturbance in walking 
[11], changes in the biomechanics of the knee and ankle 
joints in the long term, and eventually, early destruction 
of these joints [12-16] which may lead to the need for 
corrective surgery, especially in symptomatic cases [1]. 

Compared to the tibia in the proximal joint, the tibial 
articular surface in the distal region has been rotated 
about 20 degrees (4.3 to 39.5 degrees), which is called 
the normal tibial rotation [1].

The fibula bone overlaps the tibia proximally and dis-
tally. Distal tibia-fibula overlap is the maximum extent 
of the distal fibula and anterior tibia tubercle within 10 
mm of the ankle articular line [17]. The range of the 
tibia-fibula overlap in anteroposterior radiography is 7.3 
to 7.7 mm in females and 7.9 to 9 mm in males. Gener-
ally, it is 8.1 to 8.5 mm [18] that changes from 10.8 mm 
to 2.3 mm when the ankle rotates 5 degrees outward or 
25 degrees inward [19]. It seems that the extent of the 
tibia-fibula distal overlap would be different in the AP 
radiography of an ankle with rotation in the distal part 
when the proximal segment is fixed.

Among clinical and radiographic methods, CT scan is 
the most accurate technique for evaluating the distal rota-
tion of the tibia [20]. However, CT scan is not recom-
mended routinely because of the high dose of radiation 
associated with it and its less availability [17]. Clinical 
methods cannot be used during surgery because of the 
patient’s position. Besides, External Tibial Torsion (ETT) 
and Internal Tibial Torsion (ITT) are reduced in clinical 
evaluations up to 22 and 31 degrees, respectively [21]. 
Therefore, it is necessary to find an easy and accessible 

method, especially in the operating room, to evaluate 
tibial torsion in suspicious cases. 

The current study measured distal tibia-fibula overlap in cases 
with normal lower limb alignment with the knee in the true An-
teroposterior (AP) position to provide a method for determining 
tibial rotational malalignment during or after the operation. 

2. Methods

Patient recruitment was conducted in a university hos-
pital from May 2015 to March 2016. All patients refer-
ring to the hospital with complaints of minor trauma 
around the ankle and knee which needed radiographic 
evaluation of both joints were enrolled in the study.

The inclusion criteria were the subjects of 20 to 50 years 
old with no history of major lower limb injury, such as 
a fracture or sprain, and no congenital or metabolic dis-
eases. The selected individuals had no clear deformity in 
the coronal, sagittal, or axial planes. The exclusion crite-
ria included any gross coronal, sagittal, or axial deformi-
ties upon clinical examination or a history of lower limb 
fracture or surgery. This research has been approved by 
the IRB of the authors’ affiliated institutions.

During image acquisition, the knee was securely fixed in 
a true AP position. To evaluate any coronal malalignment, 
one metal rod was placed across the weight-bearing line, 
and its position to the medial tibial eminence was evalu-
ated on the radiograph. Radiographs were then taken with 
the knee in a true AP position, a distance of 100 cm from 
the radiographic bed, 3 to 5 degrees of internal rotation 
in the knee, 60 kV dose of radiation, and the center of 
the rays pointed at 1.5 cm distal to the patellar distal pole 
[22]. All images were evaluated to ensure a true AP posi-
tion with the metal rod in the correct position (Figure 1).

Then a radiograph of the ankle was taken with no 
change in image settings or limb positioning. The tibia-
fibula distal overlap was measured in the PACS program 
environment. For this purpose, a line was drawn paral-
lel to the distal tibial articular surface at a distance of 
10 mm from the joint line. Then, the tibia-fibula overlap 
was measured at this level. The overlap percentage was 
measured by dividing the length of the tibia-fibula over-
lap by the fibula width at the same level (Figure 2). All 
measurements were done twice by two different authors, 
and the mean measurement was calculated. The magnifi-
cation percentage was considered for all cases.  
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3. Results

Fifty-four patients were enrolled in this study. Four 
patients were excluded due to abnormal tibial rotation 
(thigh-foot angle >30 degrees). 

Fifty patients (25 males and 25 females) were evalu-
ated. The Mean±SD age of males was 29.08±2.49 years 
(range: 26.56-31.57 years) and of females 31.46±2.04 
years (31.57- 29.42 years).

In females, the distal tibia-fibula overlap values in the 
right and left ankles were 6.69 to 8.33 mm and 6.66 to 
8.3 mm, respectively. In males, they were 8.54 to 10.46 
mm and 8.50 to 10.38 mm in the right and left ankles, 
respectively. Statistical analysis showed no significant 
difference in measurements between right and left ankles 

in males and females (P=0.45). Regardless of the side, 
the mean distal tibia-fibula overlap in males and females 
was 8.52 to 10.42 mm and 6.68 to 8.32 mm, respectively.

Statistical analysis also showed no significant differences in 
overlap measurements between males and females (P=0.78). 
Regardless of gender or side, the range of the distal tibia-fib-
ula overlap was 7.81 to 9.09 mm (95% CI) (Figure 3).

In females, the percentage of tibia-fibula distal overlap 
at 1 cm above the distal tibial articular surface ranged 
from 46.51% to 54.43% with a 95% CI  in the left ankle 
and 46.82% to 54.46% with a 95% CI in the right ankle.

In males, the percentage of tibia-fibula distal overlap 
at 1 cm from the joint surface ranged from 50.07% to 

Figure 1. True anteroposterior radiograph of the knee

Figure 2. Distal tibia-fibula overlapping measurement method
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55.99% with 95% CI in the left ankle and 50.67% to 
56.64% with 95%CI in the right ankle.

The percentage of tibia-fibula distal overlap at 1 cm 
from the joint surface ranged from 46.71% to 54.39% 
with a CI of 95% in females and 50.40% to 56.28% with 
a CI of 95% in males.

The percentage of tibia-fibula distal overlap at 1 cm from 
the joint surface (regardless of side or gender) ranged 
from 49.43% to 54.35% with a CI of 95% (Figure 4).

4. Discussion

According to the study results, the range of distal tibia-
fibula overlap of one centimeter above the tibiotalar joint 
line (regardless of side or gender) was 7.81 to 9.09 mm 
(95% CI) when the knee is in true AP position. The per-
centage of tibia-fibula distal overlap at 1 cm from the 
joint surface (regardless of side or gender) ranged from 
49.43% to 54.35% (95% CI).  

Most tibial diaphysis fractures were treated non-sur-
gically in the past, but surgery has become the most 
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Figure 4. The percentage of tibia-fibula distal overlapping extent in ankles (regardless of right)
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Figure 3. The extent of tibia-fibula distal overlapping in ankles (regardless of right and left and gender)
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common treatment. The surgical procedure to best treat 
tibia and fibula bone fractures is the closed fixation with 
intramedullary nailing [1]. One of the worst complica-
tions of this treatment is rotational malalignment. There 
are different methods of evaluating tibial rotation, such 
as TFA, TTA, simple radiography [3], ultrasonography 
[10], fluoroscopy [5, 6], and CT scan.

Among clinical and radiographic methods, a CT scan is 
the most accurate one for evaluating the distal rotation of 
the tibia [20]; however, it has many disadvantages, includ-
ing patient exposure to radiation, its availability and cost. 

The extent of tibia-fibula distal overlap will change in AP 
radiography of an ankle with the rotation in the distal part 
when the proximal segment is fixed. Radiography of the 
ankle in this position and considering the extent of the tibia-
fibula distal overlap can be used to assess tibial malrotation. 

The size of the tibia and fibula bones in the measured 
samples do not have normal distribution curves, so their 
use in these populations is statistically associated with a 
high rate of error. As a result, all measurements are pre-
sented with a 95% confidence interval.

Different tissue masses around the ankle may cause 
some changes in distance and potentially affect the ra-
diographic measurements. Also, the magnitude of mag-
nification may vary with radiology devices and is some-
times associated with high error rates, especially with 
radiology devices used in operating rooms. Therefore, 
measuring the percentage of tibia-fibula distal overlap 
and comparing it with fibula widths at the same level is a 
much more accurate measurement method.

Staheli et al. [2] and Stulberg et al. [4] developed and 
improved the Thigh-Foot Angle (TFA) method in 1985 
and 1991, respectively, as the easiest clinical method for 
determining tibial rotation. With this method, the patient 
is first placed in a prone position. The knee is placed at 
a 90-degree angle and the ankle joint is placed in neutral 
flexure. Then, the angle between the foot axis and the 
femur is equal to the tibial rotation angle. Although this 
method is the best and easiest clinical method for deter-
mining rotational malalignment of tibia and fibula bones, 
its measured value varies from person to person. In this 
examination, the patient is in a prone position, which is 
not possible during operation. It has been shown that the 
degree of rotational malalignment in the form of Exter-
nal Tibial Torsion (ETT) (up to 22 degrees) and Inter-
nal Tibial Torsion (ITT) (up to 31 degrees) has not been 
identified and overlooked in clinical evaluations [21]. 

Melih Guven et al. [3] provided another method for de-
termining tibial rotation using radiography. In their meth-
od, the maximum distance between internal and external 
ankles is first measured with AP radiography of the joint 
surfaces. Then, the distance between internal and exter-
nal ankles is measured in lateral radiography. Finally, the 
tangent from the first to the second distance is equal to 
the tibial rotation. This method has the advantages of be-
ing available in all areas, even in the operating room, and 
exposing patients to less radiation than CT scans. 

Its disadvantages include low accuracy in determining 
the distance between the tibia and the fibula in lateral ra-
diography and its high measurement error, to the extent 
that the ankle rotation in the lateral position changes the 
distance between the tibia and the fibula. In this method, 
two radiographs (AP and lateral) are needed. The meth-
od proposed in the current study also requires two radio-
graphs (true AP radiography of the knee and the ankle in 
the same position), which is performable and available 
in all environments such as operating rooms. There is no 
need for mathematical calculations like in the Guven et 
al. method or true lateral radiography of the ankle, which 
is sometimes difficult to take.

Clements et al. [6] also introduced a method for de-
termining the amount of tibial rotational malalignment 
during surgery using fluoroscopy. In this method, a fluo-
roscopic image is first taken of the lateral knee, and the 
limb is placed in a position where both femoral condyles 
are consistent and parallel to the horizontal. In this posi-
tion, the angle between the line passing through the two 
malleoli and the horizontal surface would be equal to the 
tibial rotation. This method is simple and applicable in 
all environments, especially in the operating room, and 
exposes the patient to less radiation than with a CT scan. 
However, it suffers from some disadvantages. 

This method is a combination of radiographic and clini-
cal methods because first, it tries to put the lower extrem-
ity parallel to a horizontal line; then, the angle between 
the horizontal and the line passing through both malleoli is 
measured clinically. Therefore, its measurement error rate 
is high and can be changed by different measurements. On 
the other hand, in this method, a true lateral radiograph 
of the knee is necessary, which is sometimes difficult to 
obtain. The proposed method is completely radiographic, 
which can reduce inter– and intra-observer errors. 

In this method, it is sometimes necessary to take more 
than one radiograph from the knee to obtain a true AP im-
age of the knee. However, it is possible to expose the patient 
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to less radiation by knowing the position of the knee to take 
a true AP image and by observing the mentioned standards.

Bonnevialle et al. [21], Gustilo et al. [23], Prasad et al. 
[8], and Puno et al. [15] have conducted separate studies on 
clinical and imaging methods for determining tibial rota-
tion and rotational deformity of the tibia and addressed CT 
scan as the most accurate method. Although this method is 
the most accurate method for determining rotational ma-
lalignment of tibia and fibula bones, it has some disadvan-
tages. It may not be available in all hospitals or operating 
rooms, and it exposes the patient to too much radiation. 

Based on the current study, it is recommended that the 
percentage of tibia-fibula distal overlap be measured in 
suspicious cases. If the value is in the normal range, the 
possibility of malrotation is low. However, if there is any 
difference, then a comparison with the contralateral side 
can be helpful. CT scans can be reserved for highly sus-
picious cases when this method is inconclusive.

The present study also had some limitations. First, the 
knee radiograph should be in a true AP view, and it may 
need multiple exposures. To minimize this limitation, 
it is recommended that the standard method and limb 
positioning mentioned in the proposed plane procedure 
be followed. Second, this method can only estimate the 
presence of tibial malrotation and does not determine the 
degree of rotational malalignment. Third, this study was 
done on individuals with normal alignment; it needs to 
be adjusted for other conditions.

5. Conclusions

Based on the results of the current study, distal tibia-fib-
ula overlap when the knee is in the true AP position, re-
gardless of side or gender, is 7.81 to 9.09 mm or 49.43% 
to 54.35%. This finding can be helpful as a measure for 
determining tibial malrotation during or after operation.
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