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Objectives

The development of tibiofemoral angle in children has shown ethnic variations. However

this data is unavailable for our population.

Methods

We measured the tibiofemoral angle (TFA) and intercondylar and intermalleolar distances in
360 children aged between two and 18 years, dividing them into six interrupted age group
intervals: two to three years; five to six years; eight to nine years; 11 to 12 years; 14 to

15 years; and 17 to 18 years. Each age group comprised 30 boys and 30 girls. Other variables
recorded included standing height, sitting height, weight, thigh length, leg length and

length of the lower limb.

Results

Children aged two to three years had a valgus angulation with a mean TFA of 1.8° (sp 0.65)
in boys and 2.45° (sb 0.87) in girls. Peak valgus was seen in the five- to six-year age group,
with mean TFAs of 6.7° (sb 1.3) and 7.25° (sD 0.64) for boys and girls, respectively. From this
age the values gradually declined to a mean of 3.18° (sp 1.74) and 4.43° (sD 0.68) for boys
and girls, respectively, at 17 to 18 years. Girls showed a higher valgus angulation than boys

at all age groups.

Conclusion

This study defines the normal range of the TFA in south Indian boys and girls using an easy
and reliable technique of measurement with a standardised custom-made goniometer.

Cite this article: Bone Joint Res 2013;2:155-61.

Keywords: Tibiofemoral angle, Goniometer, Genu valgum, Intercondylar distance, Intermalleolar distance, Population

Article focus
Development of the tibiofemoral angle
(TFA) in south Indian children aged
between two and 18 years

Key messages

The reversal of physiological varus in our
population occurs by the age of two years
Peak valgus angulation is seen at five to six
years of age, after which the valgus angu-
lation gradually decreases until maturity
Girls show higher valgus angulation than
boys

Strengths and limitations
Demonstrates the use of a standardised
custom-made goniometer as an easy and
reliable technique of measurement of the
TFA

Values serve as guidelines for deformity
correction in the paediatric age group
and for designing joint prostheses and
implants, while the standard deviations
help distinguish physiological variations
from pathological ones

Limitations include lack of data for chil-
dren aged < two years

Introduction

Bow legs and knock knees are commonly
encountered paediatric orthopaedic prob-
lems.! During development the knee under-
goes sequential physiological changes in its
axial alignment from varus to valgus. Knowl-
edge of the normal limits of the tibiofemoral
angle (TFA) in children is an aid in distin-
guishing physiological from pathological
variations.  Many  children  undergo
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Fig. 1a

Fig. 1b

Clinical photographs showing the determination of the centre of the patella using a concentric circle.

treatment for physiological genu varum or valgum,
which, in some cases, may prove harmful.2* This knowI-
edge also helps the surgeon determine the acceptable
limits for deformity.

Physiological variations have been studied measuring
the TFA and the intercondylar (ICD) and intermalleolar
(IMD) distances. These parameters have been evaluated
using radiological, photographic and clinical measure-
ment with a goniometer.2” Although each method has its
advantages and disadvantages, the clinical method is
widely used as it is non-invasive, easy, reliable and repro-
ducible.>®

The existing studies have shown variations in the range
of the normal values in different ethnic groups.®® No nor-
mal values have been established so far in the south
Indian (Dravidian) paediatric and adolescent population.
This study aimed to establish such values for the south
Indian population and to define differences that might
exist between different ethnic groups.

Materials and Methods

A cross-sectional study was undertaken on 360 normal
south Indian children, ranging in age from two to
18 years. The approval of the Institutional Review Board
and the local education authorities were obtained. Chil-
dren aged < five years were selected from those attending
the outreach vaccination clinics of the institution, and
also from two childcare centres in the district. Children
aged = five years were selected from six schools in the
same locality. The children were divided into six inter-
rupted age groups: two to three years; five to six years;
eight to nine years; 11 to 12 years; 14 to 15 years; and 17
to 18 years. A total of 30 boys and 30 girls were recruited
into each of these age groups. A sample size of 30 per age
group was deemed to be adequate to obtain information

on central tendency and dispersion for this normative
study.'®

Children with orthopaedic disorders (such as develop-
mental dislocations of the hip, various skeletal dysplasias,
cerebral palsy, neuromuscular disorders and foot defor-
mities), those who had undergone surgery of the lower
limbs and those who had a leg-length discrepancy of > 2
cm were excluded. The left lower limb of each child was
measured by a single examiner (SEM). Children aged <
two years were not included in this study. Age in years
was verified by documents from the schools or immuni-
sation cards in younger children.

All measurements were made by a single researcher
(SEM). Standing and sitting heights were measured using
a standardised height rod and weight was measured
using a standardised weighing scale. The length of the
thigh was measured from the anterior superior iliac spine
(ASIS) to the medial joint line of the knee. The leg length
was measured from the medial joint line of the knee to the
tip of the medial malleolus. The sum of the above two
was designated as the length of the lower limb. These
measurements were undertaken using standardised mea-
suring tape.

The tibiofemoral angle and the intercondylar and
intermalleolar distance were measured as described.
The children were made to stand with the hips and
knees in full extension and neutral rotation, with the
knees or ankles touching each other. The ASIS was
marked with a skin marker pen. The centre of patella was
identified with the aid of concentric circles of increasing
diameters and then marked with the pen (Fig. 1). The
centre of the ankle was marked as the midpoint between
the medial and the lateral malleoli with the help of a
standardised vernier calliper (Fig. 2). We customised
standardised goniometers, validated by the Biomedical
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Fig. 2

Clinical photograph showing the determination of centre of
the ankle using a vernier calliper.

Fig. 3

Photograph showing the customised standardised goniometers with
expandable arms.

Department, with expandable arms for higher accuracy
(Fig. 3). The goniometer was placed with its hinge at the
centre of the patella. Each axis of the goniometer was
adjusted such that the tip of the proximal limb touched
the ASIS and the tip of the distal limb touched the mid-

Fig. 4

Clinical photograph showing the determination of the tibio-
femoral angle using customised standardised goniometer.

point of the ankle (Fig. 4). The TFA was measured using
the goniometer to the nearest degree. This angle corre-
sponded to the angle suspended by the anatomical axis
of the femur with the anatomical axis of the tibia. A val-
gus TFA was given a positive value, while a varus TFA
was given a negative value.

The ICD and IMD were measured with a standardised
vernier calliper. The IMD was measured as the distance
between the medial malleoli with the medial femoral con-
dyles in contact. In cases where the IMD was 0, the ICD
was measured as the distance between the medial femo-
ral condyles with the medial malleoli touching.
Statistical analysis. This was conducted using STATA
10.0 (StataCorp, College Station, Texas). The mean differ-
ences of the TFA between the boys and girls were
assessed using the independent t-test. Any possible corre-
lation between the TFA, ICD or IMD with any of the fol-
lowing variables: age, standing and sitting heights,
weight, thigh length, leg length and length of the lower
extremity, was assessed by performing the Pearson’s cor-
relation test. A p value < 0.05 was considered to be statis-
tically significant.

The left lower limb was measured in each child by a sin-
gle examiner (SEM). In order to assess intra-observer
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Table 1. Mean tibiofemoral angle (TFA) by age group and gender (Cl, confidence interval)

Mean (sp) TFA (°)

Mean difference

Age group Boys Girls (95% Cl of TFA) p-value
2 to 3 years 1.80 (0.65) 2.45(0.87) -0.65 (-1.0 to -0.21) 0.003
5 to 6 years 6.70 (1.30) 7.25(0.64) -0.55 (-1.1 t0 0.03) 0.06
81to 9 years 4.86 (1.06) 5.76 (2.23) -0.9 (-1.8 t0 0.003) 0.05
11 to 12 years 4.50 (1.78) 5.31(1.58) -0.81 (-2.05 to -0.04) 0.04
14 to 15 years 3.50 (2.80) 4.73 (0.74) -1.23 (-2.17 to0 0.24) 0.11
17 to 18 years 3.18 (1.74) 4.43 (0.68) -1.25 (-1.86 t0 -0.17) 0.02
Total 4.05(2.32) 4.90 (2.11) -0.85 (-1.31 t0 -0.38) < 0.001
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Fig. 5
Age group
Scatter plot showing the intra-observer variability. The graph is plotted
between the difference in angle measured (R1 — R2) and the mean angle Fig. 6

([R1 + R2]/2) measured by a single observer. Most of the points lie
between the —1° and +1° axes, indicating minimal intra-observer
variation.

variability, the TFA of 20 children (aged between five and
15 years) who presented to the Paediatric Orthopaedic
outpatient clinic on a single day were measured, and then
measured a second time after six hours in random order.
The difference between the two readings for any angle
measured (RT — R2) was plotted against the mean
between the two angles measured on a single individual
(R1 + R2)/2 (Fig. 5).

Results

The mean TFA in boys and girls of different age groups is
shown in Table | and Figure 6. Children between two and
three years of age were found to have a valgus angula-
tion. Thus the reversal from varus to valgus alignment
occurred under the age of two years. Peak valgus angula-
tion was achieved at five to six years, with a mean valgus
of 6.7° (sD 1.3) in boys and 7.25° (sD 0.64) in girls. There-
after the angle decreased with age until it reached a mean
of 3.18° (sD 1.74) in boys and 4.43° (sD 0.68) in girls aged
17 to 18 years. The overall mean valgus angulation was
4.05° (sD 2.32) in boys and 4.90° (sD 2.11) in girls. Girls
had a greater valgus angle than boys, which was statisti-
cally significant (p = 0.0004).

Graph showing the mean tibiofemoral angle (TFA) in age group and gender.

The mean IMD of the children in this study was 1.58 cm
(sp 0.89). All those with ICD were recorded with a nega-
tive value. Only ten out of the 360 children measured
demonstrated a varus angulation. A maximum IMD of
3.3 cm was seen in the five- to six-year age group.

On analysis we found that after the age of five years
there was a significant negative correlation between age
and the TFA (r =-0.5046, p < 0.001). A significant positive
correlation was found between the IMD and the TFA
(r=0.7147, p < 0.001).

Also after the age of five years there was a significant

negative correlation between TFA and standing height
(r=-0.5065, p < 0.001), thigh length (r = -0.5116,
p < 0.001) and length of the lower limb (r = -0.5095,
p < 0.001).
Intra-observer reliability. The mean difference between
the two readings of TFA in 20 children for intra-observer
reliability was -0.15° (95% confidence interval (Cl) -1.93
to +1.63). As zero is included in this range no systematic
error exists. Since most of the points lay between the —1°
and +1° axes, it demonstrated that the measurement of
the clinical tibiofemoral angle showed minimal intra-
observer variability (Fig. 5).
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Table II. Findings of studies on the tibiofemoral angle (TFA) in children (ICD, intercondylar distance; IMD, intermalleolar distance)

Findings
Children Age Peak Final Gender
Authors (n) Race (yrs) Technique Varus Valgus valgus valgus variation Notes
Salenius and Vankka? 1279 Caucasian Oto16 Radiological <lyr 18 mths to 2to3yrs 5°to 6° No
and clinical 3yrs
Cheng et al® 2630 Chinese 0to12 Clinical - No Newborns: mean ICD of 3 cm
(010 5.5). At 1 yr: ICD O cm. At
3 yrs: maximum IMD 2.8 cm. At
8 yrs: reversion to plateau of
0cm
Heath and Staheli* 196 White 0.5t0 11 Photographic 6 mths 4 yrs (8°) 11 yrs (< 6°) No
Cahuzac et al® 427 European 10to 16 Clinical Yes Girls: constant valgus (IMD
< 8cmorICD < 4 cm). Boys:
varus evolution (4.4°) during
the last 2 years of growth
(IMD < 4 cm/ ICD < 5 cm)
Arazi et al® 590 Turkish 3to 17 Clinical Upto 11° 9.6° at 7 yrs (boys) 6.6° (boys) and At ages of 13,
and9.8°at6yrs 7.5 (girls) 14 and 16 years
(girls)
Omololu et al' 2166 Nigerian 1to 10 Clinical Tto3yrs - 11°in1to Between 3 and
10 yrs 7 years
Oginnietal" 2036 Nigerian 0to12 Photography and 0 to 6 mths > 23 mths - Yes Bimodal: 21 to 23 months
clinical
Yoo et al'? 452 Korean Oto16 Radiological <lyr 4yrs (max.7.8°)  7to8yrs No
(5°to 6°)
Saini et al® 215 Indian 2to 15 Clinical <2yrs >2yrs 6 yrs (approx. 8°) 10 yrs (4°to 5°) Yes
Rahman and Badahdah' 300 Saudi 2t0 12 Clinical 2yrs 3to<4yrs(9.46° 11to12yrs Yes
(sD 0.85)) (3.47°)
Present study 360 South Indian 2t0 18 Clinical 2yrs 5to6yrs (6.7° 17to 18 yrs Yes
(sp1.3)boysand  (3.18° (sD 1.74)

7.25° (sD 0.64)
girls)

boys and 4.43°
(sp 0.68) girls)

Discussion

In 1975, Salenius and Vankka? published their data on the
development of the TFA in healthy Caucasian children.
They found a pronounced varus alignment of the knee
before the age of one year, which changed to valgus
between 18 months and three years. Thereafter the val-
gus corrected spontaneously to between 5° and 6°.2 Fol-
lowing this radiological study, the photographic
technique was adopted by Heath and Staheli* and clinical
measurement with a goniometer by many investiga-
tors,>>68 with the advantages of low price, reliability,
reproducibility and being radiation-free. We therefore
chose the clinical measurement technique for the mea-
surement of the TFA in this study.

The clinical technique using a standardised goniometer
has the advantage of using fixed bony points over photo-
graphic and radiological techniques. In the previous stud-
ies the femoral and tibial axes were either marked with
skin dots, or the goniometers were placed on imaginary
lines.>>%8 We believe that this was subject to error as the
marking of imaginary lines may not be reliable and skin
dots can stretch and get displaced. With the use of bony
anatomical landmarks and also expandable rigid goniom-
eters whose tips reach long enough to touch the land-
marks, the measurement error is minimised. The
reliability and minimal intra-observer variability of the
measurement of the TFA in this study with custom-made
extensions for a standardised goniometer has led us to
propose its use in actual clinical practice.

The normal ranges of the TFA have been defined in Cau-
casian, Chinese, Korean, Nigerian, Turkish, Indian and
Saudi children (Table Il). However, these ranges have been

shown to differ with respect to age, time to transition from
infantile varus to valgus, peak valgus and gender variation
in children of different ethnic groups.>>%11-1

In our study we found that south Indian children aged
> two years had a valgus angulation. Thus reversal of
physiological varus in our population has already
occurred before the age of two years. This observation
was comparable with the first published study by
Salenius and Vankka? in Caucasian children and also
Cheng etal,> Heath and Staheli,* Oginni et al,"
Saini et al® and Rahman and Badahdah'® in Chinese,
white, Nigerian, Indian and Saudi children, respectively.
We found no children with varus at the two- to three-year
transition period. Thus a varus angulation in a south
Indian child over the age of two years would warrant fur-
ther radiological evaluation, regular follow-up and
appropriate management.

With respect to age of peak valgus angulation, south
Indian children reached maximum valgus at a later age of
five to six years when compared with Caucasian, white,
Chinese, Nigerian and Saudi children.?*"""'3 Salenius and
Vankka? recorded peak valgus angulation in the Cauca-
sians at two to three years of age, and Heath and Staheli*
reported greatest mean knock-knee of 8° at a mean age of
four years. In the largest study by Cheng et al® in
2630 Chinese children, a maximum IMD of 2.8 cm was
observed at the age of three years. Oginni et al'' reported
maximal and uniform knock-knees (-7.1° (sD 1.4))
between three and 3.5 years of age in Nigerian children,
while Rahman and Badahdah'® reported maximum mean
valgus of 9.46° (sb 0.85) at three to four years of age in
Saudi children.
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Our study showed that south Indian boys demonstrated
peak valgus angulation of 6.7° (sb 1.3) while girls had a
peak valgus of 7.25° (sD 0.64). This was comparable with
the maximal valgus values described by Oginni etal'' in
Nigerian children (-7.1° (sp 1.4)) and by Yoo et al'? in
Korean children (7.8°). However, Chinese, Turkish and
Saudi children had higher peak valgus values of 8°, 9.6° to
9.8° and 9.46° (sD 0.85), respectively.>>'3

Our children showed a gradual decrease in angulation
till maturity, reaching a mean valgus of 3.18° (sD 1.74) in
boys and 4.43° (sD 0.68) in girls at 17 to 18 years of age.
In comparison with studies that included older adoles-
cents, our children had a lower valgus angulation at
maturity than the Caucasian, European, Turkish and
Korean children.>>¢'2 Salenius and Vankka’? and
Yoo et al'? described a final valgus of 5° to 6° in the
Caucasian and Korean children. Cahuzac et al® showed
that in European children aged 10 to 16 years, girls had a
constant valgus angulation of 5.5° while boys showed a
gradual and significant decrease in the valgus angulation
(4.4°) during the last two years of growth. Arazi et al’
found that Turkish children exhibited valgus angles of
6.6° and 7.5° in boys and girls, respectively, at the age of
17 years. These values were significantly higher than
those noted in other populations. The authors consid-
ered this variation due to racial differences, techniques of
measurement and observer-related factors.> The lower
valgus angulation demonstrated by our south Indian
children at maturity could account for a higher incidence
of varus osteoarthritis of the knees in our population.
These values could serve as reference for the designing of
joint prostheses and implants for this population.

Our study demonstrated that south Indian girls had a
higher valgus angulation than boys (p < 0.001). This was
similar to Cahuzac et al® who showed that European boys
between ten and 16 years were more bow-legged than the
girls. Other authors showed no difference in the develop-
ment of the TFA with respect to gender. Cheng et al®> and
Heath and Staheli* did not include adolescents, and
therefore may have missed potential gender variations in
these patients.

Saini et al® investigated TFA development in 215 Indian
children and found that physiological varus rarely
persisted beyond two years of age. Mean peak knee val-
gus of almost 8° was seen at approximately six years of
age. Thereafter, the valgus decreased and, after the age of
ten years, stabilised at around 4° to 5° in most children.
This study comprised a heterogeneous population
including immigrants, patients’ relatives and children
from mainly the northern states of India.? In comparison,
our study was in concordance regarding achieving valgus
angulation by the age of two years. However our peak
valgus and final adult values were lower than those
reported by Saini et al.® We attribute this to the possibility
of racial differences and heterogeneous nature of the
group studied by them.

Our study showed a significant correlation between
the TFA and IMD. As the IMD increased, the TFA also
increased in both boys and girls (r=0.7147, p < 0.001). A
maximum IMD of 3.3 cm was seen in five to six years of
age. Cheng et al® described their results in terms of ICD or
IMD, noting these to be clinically easy to apply and reli-
able. In contrast, Cahuzac et al® reported that the TFA was
more accurate than a measurement of ICD/IMD, as the
standard deviation of the ICD/IMD exceeded the mean
value. Arazi et al® also observed difficulties in measure-
ment of ICD/ IMD, suggesting that the measurement of
the TFA was easy and more reliable.®> We also felt that
measurement of the TFA was more reliable and accurate.
We experienced difficulties in measurement of the ICD/
IMD and found that slight variation in position of the sub-
ject caused significant change in the values. In spite of
obtaining a significant moderate correlation between the
IMD and TFA, we did not feel it could reliably replace the
clinical measurement of TFA.

Significant correlation was also seen between the
standing height, thigh length, length of the lower limbs
and the TFA. From the age of five years the TFA decreased
with increases in standing height, thigh length and length
of the lower limb (all p < 0.001). Saini et al® did not note
any significant correlation of the TFA and height. We
attribute a significantly lower TFA in adolescent boys
than girls due to their increased height, although no cor-
relation was seen regarding weight, sitting height or leg
length. Arazi et al® did however obtain a fair degree of
correlation between weight and TFA.> Cahuzac et al® felt
that obesity did not increase the TFA or IMD, but found
the largest intermalleolar distances in overweight chil-
dren, possibly due to differences in soft-tissue thickness
at the knee.

Only ten (2.7%) of the 360 children measured demon-
strated a varus angulation. These children were between
four and 17 years of age and formed less than the first per-
centile. We considered these as pathological varus, which
may be related to nutritional or metabolic causes and
would require further evaluation.

Limitations in our study included a lack of data for
children aged < two years. We found it difficult to mea-
sure the TFA and other length-related variables in chil-
dren aged younger than two years as the limbs were
small and they were too restless for accurate measure-
ments. Since the children in our study showed valgus
angulation, the reversal of knee angles from physiologi-
cal varus to valgus occurs before two years of age and
therefore outside the boundaries of this study. We also
did not include urban children in our study as they com-
prised a heterogeneous population.

Conclusion. This study shows that healthy south Indian
children above of the age of two years have a valgus angu-
lation. Thus reversal of physiological varus in our popula-
tion occurs by the age of two years. Peak valgus
angulation is seen at five to six years of age. Thereafter the
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valgus angulation gradually decreases till maturity. Girls
show higher valgus angulation than boys. Since this study
defines the normal range of the TFA in boys and girls and
also the standard deviation, it helps divide normal physio-
logical variations from pathologic ones. A child showing
values outside the two standard deviations would thus
require careful evaluation. Our data also serves as
guidelines for those embarking on deformity correction in
the paediatric age group, with values for older adolescents
serving as useful data for the design of prostheses and
implants, as they seem to be significantly different from
other populations. This study establishes a modified tech-
nique for the clinical measurement of TFA that is reliable,
reproducible and suitable for clinical practice.

The authors would like to thank Dr A. Livingston and Ms Legashri for their assistance in data
collection and also Mr. P. Samuel for performing the statistical analysis of this study. With-
out their professional help this study could not have been completed.
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