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Abstract  

 

Introduction: The purpose of this study is to evaluate the intra- and inter-observer 

reliability of low-dose protocolled bilateral postoperative Computed Tomography 

(CT)-assessment of rotational malalignment after intramedullary nailing (IMN) of 

tibial shaft fractures.  

 

Materials and methods: 156 patients were prospectively included with tibial shaft 

fractures that were treated with IMN in a Level-I Trauma Centre. All patients 

underwent post-operative bilateral low-dose CT-assessment (effective dose of 

0.03784 – 0.05768 mGy) as per hospital protocol. Four observers performed the 

validated reproducible measurements of tibial torsion in degrees, based on 

standardized techniques. The Intra-Class Coefficient (ICC) was calculated to evaluate 

intra- and inter-observer reliability. The intra- and inter-observer reliability was 

categorized according to Landis and Koch. 

 

Results: Intra-observer reliability for quantification of rotational malalignment on 

post-operative CT after IMN of tibial shaft fractures was excellent with 0.95 (95% CI 

= 0.92-0.97).  

The overall inter-observer reliability was 0.90 (95% CI = 0.87-0.92), also excellent 

according Landis and Koch.  

 

Conclusion: Firstly, bilateral post-operative low-dose –similar radiation exposure as 

plain chest radiographs– CT assessment of tibial rotational alignment is a reliable 

diagnostic imaging modality to assess rotational malalignment in patients following 

IMN of tibial shaft fractures and it allows for early revision surgery. Secondly, it may 

contribute to our understanding of the incidence-, predictors- and clinical relevance of 

post-operative tibial rotational malalignment in patients treated with IMN for a tibial 

shaft fracture, and facilitates future studies on this topic. 

 

Key Words: tibial shaft fractures, intramedullary nailing, rotational malalignment, 

bilateral low-dose CT assessments and reliability measurement technique 

 
Introduction 

Rotational malalignment is a preventable iatrogenic complication for patients 

undergoing intramedullary nailing (IMN) of tibia shaft fractures1-8.  Previous studies 
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reported an incidence ranging from 19 to 41%2 5-7 9 based on (standard-dose) 

Computed Tomography (CT) assessment of bilateral complete tibiae5.  Prior to the 

use of CT assessment of rotational malalignment, the reported incidence was based on 

clinical assessment and reported to be much lower, ranging from 0-8%. Several in 

vitro- and in vivo diagnostic imaging studies have been performed in order to 

optimize assessment of rotational malalignment in the early post-operative phase: 

techniques range from fluoroscopy10, MRI11, ultrasonography12 to CT5 13-18.   

Presently, CT assessment of tibial rotational malalignment is considered the 

gold standard. The definition of rotational malalignment has been uniformly accepted 

as a longitudinal malrotation of the axes through the affected proximal tibia and distal 

tibia14 16 18 as compared to the unaffected limb5.  Rotational malalignment can be 

disabling for patients, though to what extent is still unclear7.  Prospective studies on 

this subject are scarce, given that protocolled (standard dose) post-operative 

diagnostic CT imaging of complete tibiae (without limited selected axial scanning), 

has not been common practice after IMN in the majority of high volume Level-I 

trauma centers to date, due to impracticability, costs and radiation exposure for 

patients7 19 20.  

Puloski and colleagues coined a reproducible measurement technique for 

quantifying rotational malalignment using (standard-dose) CT assessment by two 

observers in 25 patients involving CT scanning of complete tibiae (without limited 
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selected scanning) in 2004.  To the best of our knowledge, there are no subsequent 

reports on intra- and inter observer reliability of their measurement technique using 

protocolled low-dose (effective dose of 0.03784 – 0.05768 mGy; compared to chest 

radiographs = 0.06 mGy) CT assessment for post-op rotational malalignment after 

IMN by obtaining limited axial cuts of the proximal tibiofibular- and distal tibiotalar 

joints in a large prospective series of patients with more than 2 observers5 13-18.    

Therefore, the purpose of this study was to evaluate intra- and inter- observer 

reliability of protocolled low-dose post-operative CT assessment of limited selected 

axial CT scanning for rotational malalignment in patients following IMN for tibial 

shaft fractures in a large prospective cohort with multiple observers of varying levels 

of training. We hypothesized that intra- and inter-observer reliability of protocolled 

low-dose CT imaging technique for the assessment of malalignment would be good 

according to the categorical rating by Landis and Koch.  

Our Institutional Review Board (IRB) waived approval for the use of CT 

scans for this diagnostic imaging study, as post-operative bilateral CT-scanning is part 

of hospital protocol in our Level-I Trauma Centre, in accordance to the Declaration of 

Helsinki. 

Material and Methods 

Study Subjects 
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Between January 2009 and September 2016 we included 156 patients, with 

unilateral tibial shaft fractures treated with intramedullary nailing, who underwent a 

protocolled postoperative CT assessment for rotational malalignment of the tibia. 

There were 112 males (72%), 44 female (28%) with an average age of 41 (median 

37.5). A total of 82 right tibia fractures (53%) and 74 left tibia fractures (47%) were 

included. There were 7 proximal tibial shaft (4%), 35 middle shaft (22%), 104 distal 

shaft (67%) and 10 segmental (6%) fractures. According to the AO/OTA fracture 

group classification21, there were 107 simple fractures (69%), 26 wedge fractures 

(17%) and 23 complex fractures (15%).  In 42 patients (26%) the fracture was 

associated with a compound injury, whilst the remaining 114 patients (74%) had a 

closed injury.  In 129 cases (83%) there was an associated fibula fracture, including 

32 proximal fibula fractures (25%), 37 shaft fractures (29%), 46 distal fractures (36%) 

and 14 segmental fibula fractures (11%). 

 

Surgical Technique 

Patients were treated using modern IMN techniques (TRIGEN META-Nail 

Smith & Nephew, USA), with technique and positioning specifics as per the 

surgeon’s routine22. The average nail diameter was 10 mm (range, 8.5 to 13 mm) with 

an average length of 340 mm (range, 260 to 400 mm).  Distal screw locking was 

performed using the Smith & Nephew TRIGEN SURESHOT Distal Targeting 

ACCEPTED M
ANUSCRIP

T



 6 

System, with a median number of distal locking screws of two (range, one to three 

screws).  The median number of proximal interlocking screws was two (range, one to 

four screws). 

 

Computed Tomography (CT-) Scanning Protocol 

As per hospital protocol a postoperative low-dose limited axial cut CT 

assessment for rotational malalignment of the tibia was undertaken for all 156 

patients.  Scans were made with patient supine with neutral hip rotation, knees 

extended, and with ankles stabilized in gutter in order to optimize reproducibility.  

Plain CT scans were then performed with helical blocks, through the proximal and 

distal tibia to minimize radiation exposure.   

Limited (usually 2-3) axial cuts were taken from the proximal tibiofibular joint 

to 2-3 mm above the tibiofibular joint.  A similar scanning method was used for the 

distal tibia, 2-3 mm proximal the tibiotalar joint.  In our study the average Total-

DLP(mGy.cm) of the proximal and distal CT-slices was half the Total-DLP(mGy.cm) 

required to image the whole tibia (range 94.6-144.3 mGy.cm).  Our low-dose bilateral 

CT protocol was then defined on the length that is scanned, converting to an effective 

dose of 0.03784 – 0.05768 mGy.  In comparison to a plain chest radiographs of 0.02 

mGy for AP dose and 0.04 mGy for lateral, totaling 0.06 mGy 

(http://pubs.rsna.org/doi/full/10.1148/radiol.14132903). 

 

Assessment of Rotational Malalignment of the Tibia 
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These protocolled bilateral CT scans were used to measure degrees of 

malrotation of the tibia (Figure 1). This measurement technique is based on a 

standardized reproducible technique in completely scanned tibiae as described by 

Puloski and colleagues, based on preliminary work of others5 14 15 17 18 23 24.  All CT-

assessments were performed in our Carestream Vue Picture Archiving 

Communication System (PACS) version 11.4.1.0324.  

 Proximal rotation is measured by taking the angle of the line tangential to the 

posterior tibial plateau, 2-3 mm above the proximal tibiofibular joint and the 

horizontal reference as described by Jend and colleagues18 (Figure 1A and 1B).  We 

standardized this axial CT-image to improve repeatability by defining it as the first 

slice proximal to the proximal tibiofibular joint that does not include the fibular head 

in the image.   

Distal rotation is measured by taking the angle of the line drawn trough the 

axis of the tibial plafond and fibula as described Ulm25, 2-3 mm proximal to the ankle 

joint16 (Figure 1C and 1D).  This was defined as the first axial CT image proximal to 

the ankle joint that shows the complete intact distal tibia (above the talar dome).   

Thus, rotational malalignment is the difference between the proximal- and 

distal angles of the affected limb compared with the difference between the proximal 

and distal angles of the uninjured limb.  A negative angle indicates a relative internal 

(mal)rotation as compared to the uninjured limb, whilst a positive angle represents a 
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relative external (mal)rotation. Previous studies2 3 5-7 define rotational malalignment as 

a rotational difference of 10˚ or higher. 

 

Intra- and Inter-Observer Reliability of CT-Assessment of Malalignment 

To determine the reliability of CT-assessment of tibial rotational alignment 

(torsion), we used four independent observers, not involved in the care for the study 

patients.  Observers evaluated the bilateral postoperative limited axial CT-images of 

the proximal- and distal tibia as described above, and had respective varying levels of 

training: two medical doctors in training (PhD Research Fellows) and two 

Orthopaedic Registrars.  Regarding intra- and inter-observer reliability, the four 

observers performed the evaluation independently on two separate occasions.  On first 

occasion each observer performed 156 CT measurements.  On second occasion, two 

weeks later to avoid recall bias, each observer measured 50 randomly selected CT-

scans of the 156 CTs from the first round.  

 

 

Statistical Analysis 

The intraclass correlation coefficient (ICC) as described by Shrout and Fleis26 

was used in order to calculate the reliability of the CT assessments by the same 

observer on two separate occasions (inter-observer reliability), and by different 

observers on the same occasion (intra-observer reliability).  It is the most common 
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used statistic method to describe agreement of continues data since its introduction by 

Shrout and Fleis26.  Due the individual differences in identifying the reference points 

of tibia and the fibula by each observer, the ICC of the distal and proximal tibia line is 

also calculated.  ICC values were interpreted using the categorical rating proposed by 

Landis and Koch 27: values of 0.01 to 0.20 indicate slight agreement; 0.21 to 0.40, fair 

agreement; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, substantial agreement; and 

more than 0.81, almost perfect agreement.  Zero indicates no agreement beyond that 

expected due to chance alone, – 1.00 means total disagreement, and + 1.00 represents 

perfect agreement 27 28.  Furthermore, the average Standard Error of Measurements 

(SEM) was calculated to determine the amount of variability causes by measurement 

error.  

 

Results 

Intra-Observer Reliability (Tables 1 and 2) 

The overall level of agreement for quantification of rotational malalignment 

after IMN on low-dose axial CT scan between one observer on two separate occasions 

was 0.95 (range 0.92 – 0.97; with a 95% CI of 0.92-0.97 (Table 1).  ICCs for each 

respective observer are excellent according to the rating by Landis and Koch.  Intra-

reliability for determining the axes trough the proximal tibia and distal tibiofibular 

joint were 0.98 and 0.99 respectively with a 95% CI of 0.96-0.99 and 0.97-1 (Table 

2).  

 

Inter-Observer Reliability (Table 3) 
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Overall inter-observer reliability of CT-assessment of rotational malalignment 

after IMN of tibial shaft fractures was 0.90 with a 95% CI of 0.87-0.92.  Inter-

observer reliability of determining the proximal tibia axis, 2-3 mm above the 

tibiofibular joint was 0.99 with a 95% CI of 0.99-0.99, and for the distal axis 0.97 

with a 95% CI of 0.93-0.99.  

 

Standard Error of Measurement (Table 4) 

Table 4 shows the measurement error of paired measurement for each 

observer.  To obtain the total SEM of all observers, the mean SEM is calculated by 

taking the average of the SEM of each observer, as reported in Table 4.  We found an 

average SEM of 2.4˚. Practically, this means that outcomes obtained within the range 

of 2.4˚ were considered as measurement error.  Outcomes obtained out of this range 

are considered as ‘true’ rotational difference.   

 

Absolute Rotational Differences and Revision Rate (Table 5) 

 Table 5 shows the absolute rotational differences measured by the four 

observers. Each observer has calculated the absolute rotational difference for each 

patient. In order to improve accuracy we took the average of four measurements for 

each patient. Table 5 shows that a total of 56 patients ended up with a rotational 

difference with 10˚ or higher, including 48 patients with a difference up to 20˚, 6 
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patients with a difference more than 20˚ and 2 patients with a rotational difference of 

30˚ or higher. Additional, four patients went back to theatre for revision surgery in 

order to revise the rotational deformity over 20 degrees. The rotational deformity was 

then reduced to an acceptable difference as confirmed by repeat post-op assessment 

with the described low dose CT technique. The remaining four patients with a 

rotational deformity over 20 degrees decided against a subsequent revision surgery. 

 

Discussion 

In the vast majority of patients with tibial shaft fractures, intra medullary 

nailing (IMN) is the treatment of choice with functional outcomes in the short- and 

long term20 29 30. This is ascribed to the minimally invasive approach, rapid fracture 

healing and excellent recovery3 5 6 31.   

Previous studies described rotational malalignment as a potential iatrogenic 

pitfall of IMN, butprospective data on 1) incidence of malalignment; 2) predictors of 

patients at risk; and 3) impact on functional outcome on this subject are scarce1-7.  In 

order to diagnose rotational malalignment in an early stage, radiological assessment 

with postoperative CT-scans may be considered14 16 32, but has not been common 

practice after IMN in the majority of high volume Level-I trauma centres to date, due 

to impracticability, costs and radiation exposure for patients7 19 20.  The presented 

prospective diagnostic imaging study shows that practical low-dose CT assessment by 

ACCEPTED M
ANUSCRIP

T



 12 

obtaining limited axial cuts of the proximal- and distal tibiofibular joints5 13-18, as 

protocolled in our hospital (effective dose of 0.03784 – 0.05768 mGy; compared to 

chest radiographs = 0.06 mGy) is a reliable diagnostic imaging modality to assess 

rotational malalignment in patients following IMN of tibial shaft fractures.  

This study should be interpreted in the light of strengths and weaknesses. A 

potential weakness is the prospective design, but the fact that analyses for this 

diagnostic imaging study were truly retrospectively performed, may potentially cause 

an unknown bias.  Strengths include: the largest series to date with routine 

postoperative CT-imaging of 156 patients; four observers of varying levels of 

experience improving the reproducibility of this study to other Centres; a potential 

technical improvement assessing the axis of the proximal tibia by drawing a 

reproducible line along the posterior proximal tibia cortices5 (Figure 1), which 

minimizes inaccuracies in the somewhat subjective determination of the proximal 

axis14; and finally our low-dose CT protocol that limits radiation exposure to our 

patients similar to the dose of plain chest radiographs, simultaneously improving 

practicability for implementation and reduces costs. 

To date, there are several studies reporting on radiological assessments of CT-

scans for anatomical tibial torsion 5 14 16 18 23.  Madadi and colleagues published the 

most recent study, focusing on measurement methodology to assess and improve 

reliability of tibial torsion assessment in non-fractured tibiae14.  However, studies on 
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standardized and practical techniques for postoperative CT-assessment of tibial 

rotational alignment have been scarce in the last decade14 15 18 24.  In 2004, Puloski and 

colleagues5 stated that postoperative CT-assessment is a reliable method to determine 

rotational malalignment after IM-nailing of tibial shaft fractures: with an intra-

observer variability of 3.4˚ and inter-observer variability of 3.9˚, and a repeatability 

coefficient of 8˚ for 2 observers in 22 patients.   

We build on the work of Puloski and colleagues5 with upgraded contemporary 

study methodology studying a large prospective cohort of 156 patients, with > 2 

observers (4 observers with varying levels of experience), and reporting Intra-Cass 

Coefficient (ICC) as a statistical measure for an excellent level of agreement.  But 

most importantly, we feel that our advanced CT-scanning protocol by obtaining 

limited axial cuts of the proximal- and distal tibiofibular joints5 13-18 (rather than 

complete tibiae) with an effective dose of 0.03784 – 0.05768 mGy (compared to chest 

radiographs = 0.06 mGy), does not only improve measurement accuracy with an 

average standard error of measurement to 2.4˚; moreover, it greatly improves 

practicability, facilitating implementation and reduces costs.  

Our study also illustrates the rate of rotational deformities after intra-

medullary nailing of tibial shaft fractures. However, extensive reporting on the 

incidence may distract from the primary research question and therefore the rotational 

deformities are for illustration purposes of the imaging technique.  Furthermore, we 
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are aware of the intuitively low revision rate. Derotation surgery was performed in 

four cases with RM over 20 degrees. In our current practice we are stricter and use 15 

degrees as the cut off for offering and discussing revision surgery with affected 

patients.  

In 2012, Theriault and colleagues7 presented their landmark article on 

functional impact of tibial rotational malalignment after IMN for tibial shaft fractures 

in the largest series to date of 72 patients, out of 288 identified patients with tibial 

shaft fractures. These patients were retrospectively followed-up after an average of 58 

months, and had tibial rotation assessed on CT scans of both tibiae.  41% of these 

patients had malrotation, but did not have compromised functional outcome as 

compared to the group without malrotation7.  Although the largest series to date, our 

understanding of 1) incidence-; 2) predictors-; and 3) functional impact- of 

malalignment is limited due to the lack of prospective cohort data with protocolled 

post-operative CT-assessment of rotational malalignment and comprehensive 

outcome data1-7. 

Therefore, the clinical relevance is that firstly, protocolled bilateral CT 

assessment is a practical and proven reliable diagnostic imaging modality with low-

dose radiation exposure for our patients, in order to identify patients with iatrogenic 

malalignment that may require revision surgery. And secondly, protocolled CT 

assessment of rotational alignment may contribute to our understanding of the 
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incidence-, predictors- and clinical relevance of post-operative tibial rotational 

malalignment in patients treated with IMN for a tibial shaft fracture, and facilitates 

future studies on this topic.  
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Figure 1. Assessment of postoperative Computed Tomography-slices taken 2-3 mm 

proximal the tibiofibular and tibiotalar joint of both the affected and unaffected limb. 

The proximal lines are drawn tangential of the dorsal tibia and the distal lines are 

drawn trough the middle of the tibia and fibula. A and C are the angles of the 

unaffected side and B and D are the angles of the affected side.  

The rotational difference of the unaffected side is 25˚ (17˚(A) - -8˚(C)) and the 

rotational difference in the affected side is 46˚ (49˚(B) - 3˚ (D)). The rotational 

malalignment is calculated by taking the difference between the affected (+46˚) and 

unaffected side (+25˚). This means a rotational malalignment of +21˚ (46˚- 25˚), 

which is defined as an external rotational malalignment.  
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Table Legends: 

Table 1. Level of agreement between each observer on two separate 

occasions: intra-reliability of the postoperative Computed Tomography-

assessments.  

 

 

 

 

 

 

 

 

 

 

 

  

Table 1. Level of agreement between one observer on separate two occasions (intra-observer reliability) 

Observers Total ICC 95% CI 

Landis & Koch  

Categorical 

 

 1 0,96 0.93 - 0.97 Excellent 

2 0,92 0.87 - 0.96 Excellent 

3 0,96 0.93 - 0.98 Excellent 

4 0,97 0.95 - 0.98 Excellent 

 

Average 0,95 0.92 - 0.97 Excellent 
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Table 2. Level of agreement between each observer on two separate 

occasions: intra-reliability of the proximal line 

drawn tangential to the dorsal tibia and the distal line drawn through the 

anatomic axis of the tibia and fibula.  

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 2. Intra-Observer Reliability Proximal Tibial and Distal TibioFibular Axes 

Observer ICC Proximal Line   95% CI  Category ICC Distal Line 95% CI Category 

 1 0,98 0,96 - 0,99 Excellent 0,99 0,98 - 0,99 Excellent 

2 0,98 0,96 - 0,99 Excellent 0,99 0,98 - 0,99 Excellent 

3 0,96 0,94 - 0,98 Excellent 0,99 0,94 - 1,00 Excellent 

4 0,99 0,99 - 1,00 Excellent 1,00 0,99 - 1,00 Excellent 

 

Average 0,98 0,96 - 0,99 Excellent 0,99 0,97 - 1,00 Excellent 
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Table 3. Level of agreement between four observers on one occasion: 

inter-reliability of the postoperative Computed Tomography-assessments 

and the level of agreement between four observers in drawing the 

proximal and distal lines  

 
 

 

 

 

 

 

 

 

 

 

 

 

  

Table 3. Inter-Observer Reliability  

 

ICC 95% CI Category 

Total 0,90 0.87-0.92 Excellent 

   Proximal Line 0,99 0.99-0.99 Excellent 

   Distal Line 0,97 0.93-0.99 Excellent 
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Table 4. The measurement error of paired measurements of each 

observer. Outcomes obtained within this range can be considered as an 

error.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 4. Intra- and Inter-observer variability, using the Standard Error of Measurement (SEM) 

 Observer 1 Observer 2 Observer 3 Observer 4 Average 

 

SEM 2.2˚ 3.0˚ 2.3˚ 1.9˚ 2.4˚ 
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Table 5. The rotational deformities found by taking the average of four 

measurements performed by each observer and the total of revision 

surgeries.  

 

Table 5. The rotational deformities and subsequent revision surgeries 

Rotation 10˚- 20˚ 20˚- 30˚ ≥ 30˚ Total 

 

Internal 25 2 0 27 

External 23 4 2 29 

     

Total 48 6 2 56 

 

Total 

revisions 

0 2 2 4 
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