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Frontal Plane Angular Knee Deformities in
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Abstract

Bone problems such as angular deformities of the knee are common in children in
Africa. The aim of this survey was to study epidemiologic aspects of frontal plane
angular knee deformities in school children in Kribi. A total of 860 school children in
Kribi aged 3 to 18 years were surveyed in a cross-sectional descriptive study from
December 2019 to March 2020. Each child was examined. Intercodylar distances,
intermalleolar distances and the tibiofemoral angles were assessed. The type of knee
deformity in the frontal plane was determined from the children’s tibiofemoral
angles and compared with reference values of normal children in the same age ranges.
One hundred and forty two (142, 16.5%) children surveyed presented with frontal
plane knee deformities, with genu varum representing 68.0% (96 cases) of the
deformities. The prevalence of these deformities in school children in Kribi varied
significantly with age. We did not find any significant difference in the variation of
these deformities with gender or ethnic groups. We identified some frontal plane
angular knee deformities, including bilateral deformities being predominant 90.71%
(127 cases). The mean body mass index was higher than those of normal children.
15.5% (22) of them presented with associated deformity in the sagital plane,
dominated by bilateral genu recurvatum and 33.8% (48) of them presented with
associated rotational knee deformities, dominated by bilateral medial rotation.
Frontal plane knee angular deformities are common amongst school children in
Kribi. Their prevalence is 16.51% (142 cases). This prevalence varies with ages.
Sagittal plane and rotational plane deformities are equally present in children
presenting with these deformities.

Keywords: Bone, Children, Deformities, Cameroon.

Introduction

Musculoskeletal pathologies are a major burden on individuals and social care
systems, with indirect high costs. Among these, frontal plane angular deformities of
the knee include genu valgum (GVL) commonly called “knock-knees” and genu
varum (GVR) also called “bow-legs” In GVL, the knees are curved inward so that
they are close together, nearly knocking when the person walks with ankles widely
apart from each other. GVR is marked by medial angulation with bowing of the knees.
Usually, there is a normal slight outward angulation between the femur and tibia [1-
3]. Knock-knees and severe bowlegs are handicapping and even painful at times.
Though for majority of children, they represent a physiologic variation and
spontaneously correct themselves, they may require orthopaedic or surgical
procedure when they become pathological [1,4-17].

Deformities of the knee are studied by measuring the tibiofemoral angle (TFA), the
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Category of school Names of school Reason(s) of choice

Government Bilingual Nursery ~ One of the most populated nursery schools in Kribi
School
(GBNS) New town

town, located in Kribi 1 council area and has an
enrollment of about 130 pupils.

Is a non- government nursery school run by the
Adventist church in Cameroon. It is located in the Krib)
2 council area and has an enrollment of about 120
pupils.

Ecole Publique Pratique Is the biggest and most populated primary school in
d’Application Kribi town. It is a teaching practice centre for student
(EPPA) du centre Kribi (EPPA) teachers. It is located in the Kribi 1 council area. It has|

Nursery schools

Ecole Maternelle Adventiste
(EMA)

Primary schools

the coastal town of Kribi. It has an estimated
population of 125401 according to data obtained
from the Kribi district health services in
November2019. The major ethnic groups are the
Mabis, Batangas, Fangs, Bakokos, Bassas, Bulus,
Ewondos, Pygmies, and other migrating
population. Apart from the Pygmies, the rest of
the population of Kribi has a varied morphotype

du centre Kribi

Ecole Primaire Adventiste

(EPA) Kribi pupils.

Government Bilingual High
Secondary schools School (GBHS) Kribi
students.

College Billingue Adventiste de

Kribi (CABK) students

4 groups with a population of about 2,400 pupils.
Is a non-government primary school located in the
Kribi 2 council area, with an enrollment of about 700

Is the oldest, biggest and most populated secondary
school in Kribi town. It is located in the Kribi 2
council area and has an enrolment of about 2,870

Is a non-government secondary school located in the
Kribi 2 council area, with an enrolment of about 980

and consume principally cassavas and fish. The
total population of school children in Kribi urban
city during the 2019-2020 academic years was
18,997 according to data obtained from
education officers. There were thirty-two nursery
schools, thirty primary schools, and eleven
secondary schools. Two nursery, two primary
and two secondary schools were selected

inter condylar distance (ICD) and inter malleoli distance
(IMD). The clinical method is widely used and accepted as it is
non-invasive, easy, reliable and reproducible [4,7,8-11]. As the
mechanical axis is displaced, the child experiences gait
disturbance, joint instability, and activity-related pain. The
spine, hip and ankle may be involved secondarily. Early
correction of these conditions during childhood is less
expensive and avoids complications. [ 8,12, 14, 18].

The prevalence of frontal plane deformities of the knee, and
their developmental patterns of age referenced normal values
for TFA, ICD and IMD vary for different populations [ 1,4-7,9-
14, 19]. In Primary school children in Iran, the prevalence of
GVR and GVL were 7.9% and 2% respectively. Whereas, in
Port Harcourt Nigeria, children of the same age range
presented 4.6% GVR.In Cameroon, Angular deformities of the
knee in children represent 13.2% of all orthopaedic
consultations [9, 12, 13]. Association with rickets has become
rare in developed countries because of the undertaken
measures (diet supplementation, early screening and
treatment) [ 16, 20]. In sub-saharan Africa, several studies have
shown that these rickets associated deformities represent a
major presenting complain in orthopaedic consultations [12,
14,21].

It was observed that, no case of GVR or GVL had been
documented since 2012 at Kribi District Hospital. This
motivated the present research work based on the analysis of
frontal plane angular knee deformities within children, the
main purpose being to determine epidemiologic aspects of
GVLand GVRinschool going childrenin Cameroon.

Methodology

Study design, duration and description of the study area
The study covered a period of four months starting from Sth of
december 2019 to 5" of March 2020. It was carried out in
selected schools (Nursery, primary and secondary schools) of

randomly (TableI).

Sampling and samplessize collection

The target population included all children attending nursery,
primary or secondary schools in Kribi during the 2019-2020
academic years, aged 3 to 18 years, and whose school
authorities and parents gave their consent for the survey. The
minimum sample size was determined from Eq.1 known as
Cochrane’sformula [22-24]. ,_z: P9,

In Eq.1, n is the minimum sample size; Z the confidence level
(in this case we used, 1.96 for a 95% confidence level); p the
estimated proportion of knee deformities in our population =
0.5; q= 1; e the desired level of precision or confidence interval,
in our case we agreed on 0.05 and D ; the design effectimposed
on our sample by the sampling model we used. Since no similar
studies have been carried out in Cameroon, it was assumed as
an equal probability event. For sample size estimation in a two
stage cluster sampling design, a value between 1.5 and 2 are
accepted [22, 23, 25]. We choose 2 as our design effect for
betteraccuracy.

Studyvariables

Deformity in the frontal plane was obtained from the right tibio
femoral angle (RTFA) and left tibio femoral angle (LTFA) and
was organised into nine modalities which were normal,
bilateral GVL, bilateral GVR, unilateral right GVL, unilateral
left GVL, unilateral right GVR, unilateral left GVR, Right
windswept deformity and left windswept deformity. Other
dependent variables included knee deformities in the sagittal
plane rotational knee deformities and IMD /ICD.
Socio-demographic data included chronological age, sex, class,
region of origin and ethnic group. Children were regrouped
into four major ethnic groups including the Southern Tropical
Forest Peoples, the Western Highlanders, the Coastal Tropical
Forest People, and the Northerners.. Anthropometric data
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included weight, height, BMI, and LLD. Physical examination
dataincluded bone deformities.

Study procedure and data collection

The following procedures were applied step by step with each
selected child:

- The child’s class, age, gender, and ethnic group were verified in
the school'srecords;

- Body weight (Kg) measured bare footed in school uniform
standing onascale (Fig. 1a) [10,16];

- Height (cm) measured standing upright, barefooted, heels
together, knees straight with the back against the height meter,
looking straight forward (Fig. 1b) [16];

- The knee deformities in the sagittal plane (genu procurvatum
and genu recurvatum), rotational knee deformities (lateral
rotation and medial rotation), other bone deformities, other
abnormalities observed on physical examination;

- Anterior Superior Iliac Spine (ASIS), apex of the patella, and
mid-point of the ankle were identified by palpation and marked
with the skin marker (Fig. 1b) [2,3];

- Two straight lines were drawn on each lower limb, the first
linking the ASIS to the apex of the patella and the second
linking the knee to the centre of the ankle using a skin marker
(Fig. 1b);

- Lower limb lengths (LLL) for each limb were then measured
from the ASIS to the medial malleolus of the ankle (cm) to the
nearest whole number with a meter tape, with the child
standing;

-ICD,IMD, right and left TFA were measured (Fig. 1c) [10];

- TFA was measured with the child standing, with hips and
knees in full extension. The acute angle between the shafts of
the femur and the tibia were recorded as positive (+) for genu
valgum and negative (-) for genu varum (Fig. 1¢) [6,10];

Figure 1 : Measurement of children's physical parameters

(a): setting of parameters of the children

A:measuring of the weight

B:measuring of the height; (b): Skin marks over the anterior
superior iliac spine, the apex of the patella, and the mid-point of the
ankle with marking of the tibiofemoral axis; (c): measurement
of children'slegangulations

A:measuring the inter malleolar distance

B: measuring the tibiofemoral angle.

Knee angle (degree)

2 2
0 o
] 3 8
8 - 61—
4 4
2 2
0 o

01234567 8 910111213 1415161718 °

Age Age
® ® i oaw]

Figure 2 : Tibiofemoral angle versus age in girls (2) and boys (b)

- The type of deformity in the frontal plane was obtained from
the TFA (Fig.2aandb) [18].

Datamanagementand statistical analysis
All the data collected was entered into the data collection form.
BMI and LLD were automatically calculated by the software as

givenin Eq.2and Eq.3:
BMi— weightkg) (2)’
: (Hf'lgr'.'ﬂ:[tll:)

LLD=|RLL-LLI| 3)

These data were analysed using the software Epi Info version
7.1.2.0., Microsft Excel 2010 and IBM SPSS version 20. A
descriptive analysis was conducted for age, BMI, IMD, ICD
and LLD as well as for type of deformity in the frontal plane for
both girls and boys and for the ten most represented ethnic
groups. The one-way ANOVA (Analysis of Variance) was used
to compare the variation of means within groups. Proportions
were compared using the Pearson’s Chi-squared test and the
results were considered statistically significant when the P-
value was < 0.0S. The presence of other types of skeletal
deformities was signalled when present. The mean TFA was
plotted against age to obtain variations with age. For each child,

itwas calculated by the software using Eq.4:

Mean (TFA)= w (4)

Results
Studypopulation
From the 18,997 children attending school in Kribi, 860 were

randomly selected using a 2-stage cluster sampling design as
described above in the methodology. They were organised as

Level Selected Schools Selected Classes . AU
children surveyed
Nursery GBNS New Town Scnior section and 100
Junior sections
o Intermediate
Schools EMA Kribi . 51
sections
. EPPA du centre Class 1, Class 3,
Primary Kribi and Class 6 204
Schools EPA Kribi Class 2, Class 4, 119
and Class 5
Secondary|| GBHSKuibil || o002 £oun dand 171
Form 5
Form 1, Form 3,
Schools CABIK Lower Sixth, and 215
Upper Sixth
Total 6 16 860
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9.88%
10.00% -
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Percentage

4.00% -

2.00% -

0.00%
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Age in years
Figure 3 : Distribution of the 860 children surveyed from schools in
Kribiby age.
follows: one hundred and fifty-one (151, 17.56%) from
nursery schools, 323 (37.56%) from primary schools, and
386 (44.87%) from secondary schools. The following classes
were selected (TableII).

Description of the studied population

Majority of children surveyed were girls, with sex ratio of
1.15. The ages ranged from 3 to 18 years old of age. The
median age was 11 years (Fig. 3).

The most represented ethnic group was the Coastal Tropical
Forest People (307 children) which was made up principally
of the Batanga (80 children), the Bassa (60 children), the
Ngoumba (48 children), the Mabi (40 children) and the
Bakoko (16 children). The mean BMI by age are presented in
table ITL.

The mean LLD of our sample was 0.97 cm (SD of 0.91), with
a median and mode of 1 ¢cm, a minimum LLD at 0 and a

Table Ill: The mean BMI by age of school children in Kribi

during the study period.

Age N;:;::Iff Mean Variance
3 34 15.64 3.33
4 65 16.29 2.15
5 57 15.98 1.77
6 65 15.95 2.22
7 33 16.14 1.79
8 36 15.76 2.84
9 52 17.27 5.08
10 64 16.97 6.68
11 57 18.79 7.26
12 85 19.08 7.79
13 74 20.28 6.17
14 73 20.9 7.13
15 58 21.31 7.23
16 44 21.87 5.89
17 23 21.01 18.13
18 40 20.68 8.34

Mean of WD

Figure 4 : The meanbyage
a:IMD

b:ICD

maximum LLD at 7 cm. The mean IMD for all children
examined was 3.15 cm, with a minimum IMD of 0 cm and a
maximum of 19 cm. An analysis of variance (ANOVA) test
comparing the mean IMD for different ages found a
significant relationship between IMD and age with; Mean
square= (15, N=860)=15.30, p= 0.01. The mean ICD forall
children examined was 2.25 cm, with a minimum IMD of 0
cm and a maximum of 7 cm. An ANOVA test comparing the
mean IMD for different ages found a significant relationship
between IMD and age with; Mean square= (15, N= 860) =
20.44,p<0.001 (Fig.4).

Prevelance and distribution of deformities by sex, age
and ethnicgroup

The prevalence of frontal plane knee deformities amongst the
860 children examined was, 5.35% (46 cases) for GVL, and
11.16% (96 cases) for GVR. Of the 142 children presenting
knee deformities in the frontal plane, those with GVR were
twice those with GVL. Pearson’s Chi-square test was
performed and we found no relationship between gender and
the presence of frontal plane knee deformities, X'’= (2, N=
860)=3.48,p=0.17 (Fig.5).

Based on their age, a significant relationship was found
between age and type of frontal plane angular deformity.
Pearson’s Chi-square test was X'= (30, N= 860)= 61.6,
p<0.001. The results show that significant difference was
found between presence of deformity in the frontal plane and

ethnicgroup (Fig. 6).

60 12.4% (57)

50
= Females

p=0.17 = Males

6.3%(29)

20 % (17)

GENU VAL

Figure S : Distribution of GVL and GVR by sexes in 142 children
presenting frontal plane knee deformities in schools in Kribi.

GENU VAR
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— TTSoutem Tronieal Forert Peonie Table V: Mean TFA by age of the 142 school children in Kribi
=nooerormmy | |2: Western Hilanders/Grassfielders with frontal plane knee deformities.
9% W DEFORMITY 3: Coastal Tropical Forest Peoples
o 4: Northerners Mean TFA (in  Number of  Standard
o AGE degrees)( Children Deviation P-Value
5. 3 -8 2 29.69
& 4 11.35 7 8.07
s0% 5 -0.75 4 10.59
i 6 2.71 7 13.88
" 8 0.75 4 13.3
T e 9 -1.28 7 14.87
ETHNIC SROUP 10 3 10 11.28
Figure 6: Prevalence of frontal plane knee deformity by ethnic 1 -2.28 14 10.49 P=0.095
group in school children in Kribi. 12 -8.2 10 4.36
Pearson’s Chi-square test was X'= (47, N=860)=50.85, p=0.32. 13 -2.05 20 9.92
14 -1.13 22 9.69
Characteristic of children with deformities 15 678 14 553
Table IV depicts the mean BMI by age of children with GVR 16 03 10 13.46
and/or GVL and Table V depicts the mean TFA by age of the 17 -0.66 3 10.4
142 school children in Kribi with frontal plane knee 18 2 8 10.12
Total -1.35 142 10.86

deformities. Amongst the 142 school children presenting
frontal plane knee deformities in Kribi, we had a mean varus
angle of -1.35 (SD; 10.86). On ANOVA there was no
significant difference between TFA and age amongst children
who presented deformities. For instance, the mean LLD of
our sample was 1.39 cm (SD of 1.24), a minimum LLD at 0
andamaximumLLD at7.

In table VI, we presented the types of frontal plane knee
deformities found in children attending schoolin Kribi during
the 2019-2020 academic year. Most of the deformities
presented by children in Kribi were bilateral (90.71%). We did
not find any child presenting with a “wind swept” deformity.

Otherknee deformities present
Other types of deformities observed include sagittal plane
(Fig. 7) and rotational (Fig. 8) deformities in children with

Table IV: Mean BMI by age of children with GVR and/ or GVL.

Age Mean BMI of children Mean BMI of normal children
with deformities CDC reference values

3 17 16

4 17.28 15.5
5 17.25 15.4
6 16.42 15.4
8 16.75 15.8
9 19.57 16.2
10 18.7 16.6
11 19.21 17.2
12 17.7 17.8
13 19.95 18.4
14 21.54 19.2
15 21.5 19.8
16 21.5 20.8
17 18.66 21.2
18 19.75 21.8

Table VI: Types of frontal plane knee deformities found in children attending school in

Kribi during the studv period.

Type of frontal !)lane (s P‘revalel.lce in. . 95% Confidence
knee deformity children in Kribi interval. [lower-upper]
Bilateral GVL 36 4.19% [2.99%- 5.81%]
Unilateral left GVL 2 0.23% [0.04%- 0.93%]
Unilateral right GVL 8 0.93% [0.43%- 1.90%]
Bilateral GVR 91 10.58% [8.64%- 12.88%]
Unilateral left GVR 3 0.35% [0.09%-1.11%]
Unilateral right GVR 2 0.23% [0.04%- 0.93%]
Left windswept 0 0.00% [0.01%- 0.55%]
Right windswept 0 0.00% [0.01%- 0.55%]
GVRandor GVL.

In the former, amongst the 142 school children presenting
with frontal plane knee deformities, 22 also presented with a
sagittal plane knee deformity (15.5%) with bilateral genu
recurvatum being the most frequent with 12 cases (8.5%). 48
children (33.8%) presented with rotational knee deformities
in association with the frontal plane deformity. Bilateral
medial rotation was the most frequent rotational deformity.

LEFT GENU RECURVATUM

BILATERAL GENU FLEXUM

LEFT GENU FLEXUM

RIGHT GENU FLEXUM

BILATERAL GENU RECURVATUM

0 2 4 6 8 10 12 14

Figure 7 : Sagittal plane deformities in children with GVR and or
GVL
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RIGHT LATERALROTATION
LEFT MEDIAL ROTATION |
LEFT LATERAL ROTATION J

BILATERAL MEDIAL ROTATION

BILATERAL LATERAL ROTATION

0 5 10 15 20 25 30
Number of cases

Figure 8 : Rotational deformitiesin children with GVRand or GVL

Discussion

The study specifically intended to describe the socio-
demographic and anthropometric profile of the children,
calculate the prevalence of GVL and GVR amongst children
attending school in Kribi, and list some characteristic features
present in children presenting with GVL and GVR in Kribi. Of
the 860 children, 54% were female. That was in line with Yoo et
al. (2008) in Korea and Salenius and Vankka (1975) in Finland
who studied the development of TFA in children less than 16
years old [7, 26]. More comparable to the present study were
the samples from the general children population in Nigeria
and children aged from 6 to 10 years or the 3000 children in
primary schools in Iran within pupils aged between 7 to 11
years [13,9].

Few studies have been specified for the prevalence of frontal
plane knee deformities in general children’s population. Most
do study the variations of TFA in normal children [1, 4,6, 8, 10,
11, 18,27]. Our prevalence was 5.35% (46 cases) for GVL and
11.16% (96 cases) for GVR. The prevalence of GVR was two
times that of GVL, similar to results obtained on primary
school children in Iran, and higher than the 4.6% obtained in
Nigeria [9, 13]. This high prevalence of GVR in sub Saharan
Africa and India could be due to the high prevalence of
nutritional rickets in these populations compared to European
populations asreported by Thacher etal. [20]. It was found that
severe deformities of lower limbs in congolese children were
sequelae of rickets, especially GVR (58.2%) [21].

In our sample, 9.35% of (86) girls and 7.05% of (56) boys
presented with frontal plane angular knee deformities without
any significant difference (p-value= 0.17). This finding was
equally observed by several authors all over the world [7,11, 19,
26,28]. Neverthless, Mahmoud et al. (2005) reported that the
prevalence of GVR was twice in boys than in girls and that GVL
was 3 times higherin girlsin Iranian children [9, 12].

The prevalence of frontal plane angular knee deformities varied
significantly with age (p-value < 0.001). GVR varied from a
prevalence 0f2.9% at 3 years to a maximum of 22.4% at 15 years
with an average of 11.2%. Equally GVL varied from 2.9% at 3
years to a maximum of 9.6% at 14 years, the average prevalence

being 5.3%. It was noted that ICD, IMD and TFA were
significantly different for different ages. These findings are in
line with those made by Salenius and Vankka (1975) in
Findland, Cahuzac et al. (1995) in France, and Omololu et al.
(2003) in Nigeria who found significant variations of knee
angles for different ages, from varus angles below 2 years to
neutral then valgus angles till adult age [6, 7, 27]. The mean
TFA for the ages 3 to 13 years was valgus angles (positive
angles), which is still in line with the above authors. There is a
disparity with the above authors in the ages of 14, 16 and 18
years where we found varus angles (negative angles). This
disparity could be explained by the fact that in the present
study, both normal children and children presenting with
deformities were included.

There were no significant variations in the prevalence of these
deformities within the different ethnic groups present in our
sample (p-value=0.32). These findings seems to contradict the
general idea that knee deformities vary for different
geographicalareas [1, 5, 6,9, 11,27]. Knee deformities do vary
for different geographical areas as reported by the above
authors, but in our study the uniform distribution of these
deformities in our sample could be explained by the fact that all
the sampled children live in that same town. The environment
in which they live and grow could have a great impact on their
skeleton. Ibrahima et al (2002) reported the socio-ethnic and
ecological influence in a series 0f 158 cases studied in Yaounde,
where they observed that the Bamileke (53.8%) and Ewondo
(13.3%) dominated in the series [ 12].

The mean BMI by age for children presenting GVR and /or
GVL vary from 17.00 kg/m” at 3 years to a maximum of 21.54
kg/m’. Compared to the values for normal children established
by CDC (Centre for disease control and prevention) (Table
VI), we may conclude that the mean BMI by age for children
with deformities is higher than that for children without
deformities [29]. They equally concluded that elevated BMI
increases loading of the knees and lower extremity. Amongst
the 142 school children presenting with frontal plane knee
deformities in Kribi, the Mean TFA was varus; -1.35 (SD;
10.86). This could be explained by the fact that in sub Saharan
African countries prevalence of nutritional rickets is high [20,
21]. Amongst the deformities presented in our sample, 90.71%
(127 cases) were bilateral deformities. Out of the 2,711 cases of
knee deformities observed by Ibrahima et al (2014) in 11 years
(1998 to 2008), 79.60% (2,158 cases) were bilateral. This
resultis in accordance with the findings of several other authors
[9,12,13,21,29,30].

Conclusion

Amongst school children in Kribi, the prevalence of frontal
plane knee angular deformities is 16.51% with 11.16% having
varum and 5.35% genu valgum. This prevalence is similar to
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whatisknow in sub Saharan African countries. The prevalenceof BMI than those of normal children, 15.5% with associated

these deformities varies significantly with age as reported by
most authors. There is no significant difference in the genders
and ethnic groups. Some major characteristics were identified in
school children in Kribi with frontal plane knee angular
deformities including 90.71% bilateral deformities, higher mean
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