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Abstract 

  

Introduction 

Children with genu varus needs frequent assessment and follow up that may need 

several radiographies. This study investigates the effectiveness of the clinical 

assessment of genu varus in comparison to the radiological assessment.  

 

Methods 

In this study, relationship between clinical and radiographic assessments of genu 

varus (bow leg) in children, focusing on the use of intercondylar distance (ICD) and 

clinical tibiofemoral angle (cTFA) as clinical measures, compared to the mechanical 

tibiofemoral angle (mTFA) obtained via scanogram, the radiographic gold standard 

for assessing lower limb deformity. Clinical measurements (ICD and cTFA) were 

gathered along with the mTFA from scanogram radiographs. Reliability was tested 

between two observers, and Spearman’s correlation coefficient was used to evaluate 

the relationships between the clinical and radiographic measurements.  

 

Results 

The study involved 36 children with an average age of 6.3 years. There were strong 

intra-rater reliability for both observers (ICC 0.87 for observer 1, ICC 0.97 for 

observer 2) and excellent inter-observer agreement (ICC 0.97). Positive correlations 

were found between cTFA and mTFA (r² = 0.67, p < 0.001), between ICD and cTFA 

(r² = 0.53, p < 0.001), and between ICD and mTFA (r² = 0.62, p < 0.001).  

 

Conclusion 

This study suupports the idea that clinical methods may be sufficient for evaluation, 

minimizing the need for radiation exposure and offering a reliable alternative to 

radiography. 
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1. Introduction 

Genu varus, also known as bow-leggedness is defined as any 

separation of the medial surfaces of the knees when the medial 

malleoli are in contact, and the patient is standing in the 

anatomical position [1]. The prevalence of genu varus ranges 

from 11.4% to 14.5% [2,3]. It is found to be more prevalent in 

boys than in girls [2]. Genu varus may be physiological or  

 

pathological. There are multiple ways to aid in the screening and 

diagnosis of genu varus, which include clinical and radiological 

methods. Clinical methods such as intercondylar distance (ICD) 

and tibiofemoral angle measurement have been used to screen 

and assess the degree of genu varus. However, imaging modality 

such as a long-leg AP radiograph or scanogram is considered the 

gold standard assessment for lower limb deformity.  
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Many studies on genu varus in children have utilized either the 

clinical or radiological lower limb measurements to describe the 

tibiofemoral angle progression in normal children, data of 

normal ranges of knee angle in relation to age, and transition 

time from varus to valgus of different populations and ethnic 

groups [4-10].In a recent systematic review, it is proposed that 

children above the age of 18 months with genu varus should be 

closely monitored clinically using ICD or cTFA, whereby an 

ICD of more than 4 cm needed to be investigated for pathologic 

cause [11]. However, reliability has not been confirmed.   

Hence, serial assessment might be needed to manage children 

with genu varus. Clinical methods of assessment are preferrable 

due to no exposure to radiation as compared to a radiograph but 

may be inaccurate or unreliable [12]. We are interested to find 

out the correlation between the radiological and clinical 

assessments. 

 

2. Methods 

2.1. Study design and setting 

This was a single center cohort study. The study was conducted 

in an orthopaedic clinic of a tertiary hospital. Children with age 

ranging from 1 to 17 years old who were diagnosed as genu 

varus by orthopaedic specialists and has long leg radiograph 

done, were included. We excluded children who have previous 

history of fracture of the lower limb, had any knee swelling, 

tumour or contracture. Consent was taken from the parents 

before enrolment to the study. This study was conducted in 

accordance with the Declaration of Helsinki and was approved 

by the Universiti Kebangsaan Malaysia Institutional Ethical 

Committee (JEP-2020-194). 

2.2. Procedure 

The baseline data such as age, gender, weight/height and 

underlying diagnosis were taken. The knee intercondylar 

distance was measured using a measuring tape, with the child 

standing, and both medial malleoli touching. The centre of the 

medial femoral condyles was identified by palpation of the most 

prominent part of the distal femur. The measurement between 

the condyles was performed following the method described by 

Heath et al [13]. The reading was measured in centimetres as the 

intercondylar distance. The clinical tibiofemoral angle (cTFA) 

was measured with a goniometer, following the method 

described by Arazi et al [14]. With the child in standing, the 

anterior superior iliac spine, centre of the patella, and midpoint 

of the ankle joint were marked with a pen. After the marking of 

the tibiofemoral axis, the angle was measured and recorded. The 

angle was expressed in degrees. Illustrates the method of 

measurements on a patient (Figure 1).   

A standardized long-leg anterior-posterior radiograph 

(scanogram) of lower limbs was obtained from hospital 

radiological database. The angle formed between the 

mechanical axis of the femur and the mechanical axis of tibia 

was recorded as mechanical tibiofemoral angle (mTFA). The 

mTFA was determined from digital X-Ray by using the 

measuring tool from Medweb (Medweb, Inc, San Francisco, 

CA) software. In bilateral cases, the limb with the worst angle 

measured was chosen for analysis. 

The clinical and radiological measurements were performed by 

a single researcher (CYT), who was trained on the measurement 

technique. For the radiographic measurements, a prior intra- and 

inter-observer reliability study was performed on 10 radiographs 

by two main researchers (CYT and KJ) on the same children at 

two different intervals.  

2.3. Data analysis 

The intra- and inter-observer reliability of tibiofemoral angle 

measurement was measured using with 95% confidence 

intervals to gauge the precisions of the ICCs [15]. Correlations 

between clinical tibiofemoral angle (cTFA), mechanical 

tibiofemoral angle (mTFA) and intercondylar distance (ICD) 

were tested using Spearman’s Correlation test. Differences 

between cTFA and mTFA were investigated using paired 

sample t-test and Bland Altman 95% limits of agreement. All 

statistical analysis was performed using SPSS (v24, IBM, NY, 

USA). Statistical significance was set at a cut-off of p<0.05. 

 

 

Figure 1. The methods of measuring lower limb 

alignment in our patient. The solid line (black) 

represents the clinical tibiofemoral angle measured with 

a goniometer while the double-headed arrow (red) 

indicates the intercondylar distance measurement with a 

measuring tape. 
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3. Results 

There were 36 children included with the mean age of 6.3 years. 

Thirty-two were Malay (88.8%), while the remaining 

participants were three Indians (8.3 %) and one Chinese (2.7%) 

by ethnicity. Twenty-two children were male (61%) and 14 

female (38%). There were five unilateral and 31 bilateral genu 

varus. Eleven children had Blount disease; 13 cases had rickets 

while the remaining 12 was managed as physiological genu 

varus. 

Reliability study performed between two observers for the 

tibiofemoral angle measurements revealed Good intra-rater 

reliability for observer 1 (ICC 0.87) and Excellent intra-rater 

reliability for observer 2 (ICC 0.97). Excellent inter-observer 

agreement (ICC 0.97) was also shown.  

All thirty-six children (mean age 6.6 ± 5.7) were examined in 

standing position. The association between the radiological 

mTFA and clinical TFA measurements was assessed. Our 

findings revealed that there was a moderate correlation between 

cTFA and mTFA (r2=0.67, p< 0.001) (Figure 2).  

Subsequently, the association between the ICD and clinical TFA 

and between ICD and radiological mTFA measurements were 

assessed. We also found a moderate positive correlation between 

ICD and cTFA, (r2=0.53, p< 0.001) and between ICD and 

mTFA, (r2=0.62, p< 0.001), respectively (Figure 3).  

 

Paired t- test revealed a mean difference of -4.67 degrees 

between the cTFA and mTFA. The difference was statistically 

significant of p= 0.00. The limits of agreement revealed were a 

lower limit of -7.02 degrees and an upper limit of -2.34 degrees 

(Figure 4). 

 

4. Discussion 

We examined the correlation between clinical and radiographic 

TFA measurements of the lower extremities in 36 children with 

genu varus who has been referred to our centre. We found a 

significant correlation between radiological mTFA and clinical 

TFA. This result is in parallel with other studies by [16,17].  

Navali et al concluded that goniometer measurement appears to 

be valid alternatives to the mechanical axis on full-leg 

radiograph for determining frontal plane knee alignment [17].  

Kraus et al also concluded knee alignment assessed clinically by 

goniometer or measured on a knee radiograph is correlated with 

the angle measured on the full-limb radiograph [17]. However, 

both studies were carried out in adults’ population with 

osteoarthritis knee. Our study determined the correlation 

between radiological and clinical TFA specifically in paediatric 

population with genu varus.  

Figure 2. A larger cTFA measurement is associated with an 

increasing value of mTFA 

 

Figure 3. a and b) A bigger ICD is associated with an increasing angle of cTFA and mTFA 

 

Figure 4. Bland Altman Plot 95% limits of agreement. 

The dotted line indicates the upper and lower limits. SD= 

standard deviation. 
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Another significant finding in this study is ICD has moderate 

correlation with cTFA and mTFA. There are several correlation 

studies that were reported on ICD. Saini et al found that a fair 

degree of correlation was established between ICD and 

tibiofemoral angle (TFA), measured clinically by a goniometer 

[8]. A similar finding between ICD and TFA was seen in other 

studies [6-11]. This suggested that both measurements can 

complement each other in monitoring genu varus. The 

importance of ICD measurement was highlighted by other 

authors. Cahuzac et al in 1995 has established a data for the 

normal values of varus profile of the legs in normal children 

between 10 and 16 years of age, whereby a measurement of ICD 

of more than 5 cm is considered abnormal [18]. This is supported 

by other investigators [14-19]. For younger children aged of at 

least 18 months, ICD of 4cm should be closely monitored [11].  

The different degrees of correlation in various studies might be 

influenced by the different method of measurements. Mathew et 

al had found the clinical measurement of using ICD to have 

minimal intra-observer variability [6]. However, a standardized 

way of measurement and positioning of the patients is important 

to get a consistent finding. Obtaining a proper standing 

radiograph in a young child can proved to be challenging, so 

other measures such as footprint drawn on the floor have been 

suggested [11]. 

We also found that the difference of agreement between cTFA 

and mTFA measurement were significant. mTFA consistently 

produced a higher value with the mean difference around 5 

degrees indicating that the angles were not similar between the 

two techniques. However, as mentioned earlier both 

measurements correlated with each other. This means that 

although not totally accurate as measured on radiograph 

(mTFA), clinical method can still show similar trend of 

deformity therefore useful for monitoring change or progress. 

There were some limitations in our study. Firstly, our sample 

population was relatively small with a wide age range (1-17 

years).  Secondly, we only performed observer reliability study 

for the radiographic measurement. However, the clinical 

measurements were done by a single researcher, who was 

trained to perform the measurement following the standard 

protocol. 

 

5. Conclusion 

Clinical measurement of tibiofemoral angle and ICD to good 

correlation with radiological measurement, when performed 

with the child in standing position. Therefore, for monitoring 

purposes or serial alignment assessment, these methods are 

adequate. 
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