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Non-surgical correction of Genu Varum and Valgum in young children –A crosssectional  Study 


Abstract 
Introduction: The study emphasises on nonsurgical correction of genu varum and genu valgum in 369 children between the age of 2-8 years. The data collected from centres focuses on early intervention in the growth phase could help to tackle deformity better. The present study highlights cost-effective treatment of deformity in low-resource settings.
Primary frontal knee deformity among Cameroonian children is a growing concern in paediatric orthopaedic consultations. It can be related to rickets, or family history. Conservative non-surgical treatment with casting and bracing at early age is usually done but its effectiveness has not yet been reported. This study aimed at determining the frequency, the clinical profile, the results of casting and the associated prognostic factors.
Methods: A transversal retrospective study was conducted in the two major rehabilitation centres of Yaounde, namely the National Rehabilitation centre for disabled person and Promhandicam Centre, from the 1st January 2023 to 30th June 2024. All consulting patients’ files were reviewed, searching for children with primary frontal deformity in valgus or varus. Those aged from 2 to 8 years old received plaster casting and bracing after ethical and administrative considerations and informed consent. Their pre and post casting knee deformity variables (Hip-knee-ankle angle, intercondylar distance and intermalleolar distance) were compared. 
Results: 369 children having a primary knee deformity were identified among 1 214 (30,40%) children aged from 2 to 8 years old,  consulted. There was a male predominance (51.41%). Bilateral genu valgum was the most common deformity 245/369 (66,4%) followed by bilateral genu varum 84 (22.46%). Pre and post evaluation concerned 369 children and 720 knees. There was improvement among all children, but mostly among younger ones concerning hip-knee-ankle angle, inter condylar distance and inter malleolar distance. 
Conclusion: plaster and casting is effective in children with genu valgum and varum and is recommended, mostly at early ages.
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1. Introduction 
Primary frontal knee deformity in genu varum or genu valgum is the most common orthopaedic condition in the National Centre for disabled persons, accounting for 13,2% [1] of consultations. The environment is favourable with poor nutrition, rickets, Blount’s disease and family history [2]. From the early physiologic to the late surgical forms there is an unfilled gap [3,4]. The windswept deformity (one knee in valgus and the other in varus) is common in many parts of Africa [5,6]. The prevalence is known [7] but not in our context. Clinical profile is known [9,10,11] but indications for intervention remain poorly defined between surgery (epiphysiodesis, osteotomy) and non-operative (calcium, vitamin D, casting and bracing) results [12,13,14]. Some etiologic and prognostic factors are mentioned [15,16,17] but not studied in our context. This study aimed at determining the frequency, the clinical profile, the results of casting and bracing, and the associated prognostic factors.


2. Methodology 
This was a cross sectional study, carried out for 18 months, from the 1st January 2023 to 30th June 2024, in the two major rehabilitation centres of Yaounde (the National Centre for Disabled Persons Cardinal Paul Emile Leger and Promhandicam Centre). 
All children aged from 2 to 8 years old consulted during the study period in the study site were considered by a consecutive sampling, after ethical approval, administrative authorisations and informed consent. The knee frontal deformity variables were noted (Hip-Knee-Ankle angle (HKA), intercondylar distance and intermalleolar distance) before and after the treatment (Table 1). We excluded children out of age limits and those with surgical treatment. 
Table 1: indicators
	Indicators 
	Normal ranges

	Intermalleolar distances
	≤ 8 cm

	Intercondylar distances
	< 3 cm

	Physiologic genu valgum
	7° between Hip-knee-ankle axis and femoral shaft

	Genu varum
	Medial HKA >180°

	Genu varum
	Medial HKA < 180°


The treatment consisted of deformity reduction by gentle manipulation and a contention by a groin to toe cast. Those not corrected by the first cast had weekly gypsotomies until complete correction. After the last correction, the cast was maintained for at least 12 weeks. Vitamin D3 and calcium supplement was given to all children during these 3 months because although we have a lot of sun during the year, malnutrition is common in our setting. After cast removal they all have walking braces. The knee frontal deformity variables were also noted at the end of treatment or last appointment, and compared to before treatment values. These data were recorded clinically and on pangonometric radiographies, using a goniometer and a meter, on a questionnaire. The analysis was done on SPSS software version 25. Descriptive and analytic statistic was done with the significance set at 0,05.

3. Results
1. Prevalence
Between January 1st 2023 and June 30th 2024, we consulted 1 214 children aged from 2 to 8 years old. From these, 481 (39,62%) children aged 2-8 years were identified with orthopaedic, neurological and developmental deformities in the 02 health facilities visited. Of these, 369 (76.72%) had frontal knee deformities.  The prevalence of frontal knee deformities was 369/1214, that is 30.40% of deformities. Most of our patients 269 (72.90%) were less than 4 years old (Table 2). There was (Table 3) a male predominance 190/179 (51,49%).


Table 2: age groups
	Age (years)
	Number of cases
	Percentage (%)

	[2 – 3[ ans
	110
	29,81

	[3 – 4[ ans
	159
	43,09

	[4 – 5[ ans
	45
	12,20

	[5 – 6[ ans
	31
	8,40

	[6 – 7[ ans
	14
	3,79

	[8 – 9[ ans
	10
	2,71

	Total 
	369
	100,00



Table 3: sex distribution before and after 4 years
	
	Female
	Male
	Total 

	Inferior to 4 years
	131
	124
	255

	4 years and above
	48
	66
	114

	Total 
	179
	190
	369



2. Clinical profile
21. Pathologies encountered in consultation and prevalence
The most encountered pathology among consulted patients was the frontal knee deformity with 369 (76,72%) followed (Table 4) by clubfoot with 98 cases (20.37%).
Table 4: pathologies
	Pathologies
	Number of cases
	Percentage

	Frontal knee deformity
	369
	76,72

	Clubfoot
	98
	20,37

	Fracture
	7
	1,46

	Toe walker
	3
	0,62

	Flat foot
	2
	0,42

	Scoliose
	2
	0,42

	Total
	481
	100,00



22. Frontal knee deformities
Bilateral genu valgum was the most common (Table 5) deformity with 245(66,4%) cases followed by bilateral genu varum with 84(22,76%) cases, right unilateral valgus 13 (3,52%), unilateral left valgus 6(1,63%), unilateral left varus 5 (1,36%), 16 windswept deformities (4,34%).
Table 5: frontal deformities
	Deformities
	Number of cases
	Percentage

	Bilateral genu valgus
	245
	66,40

	Bilateral genu varus
	84
	22,76

	Unilateral right valgus
	13
	3,52

	Unilateral left valgus
	6
	1,63

	Unilateral left varus
	5
	1,36

	Windswept deformities
	16
	4,34

	Total number of patients
	369 patients
	100,00

	Total number of knees
	714 frontally deformed knees
	


Concerning the 16 windswept deformities (Table 6), we had 9 (1,9%) right valgus + left varus, 4 (0,8%) left valgus + right varus, 3 (0,6%) right varus + left valgus and 0 (0%) left varus + right valgus.
Table 6 : windswept knee deformity
	Windswept deformity
	Number of cases
	Percentage (%)

	Right valgus + left varus
	9
	56,25

	Left valgus + right varus
	4
	25,00

	Right varus + left valgus
	3
	18,75

	Left varus + right valgus
	0
	0,00

	Total 
	16
	100,00


3. Results in angular corrections
31. The Hip-Knee-Ankle angle or femoro tibial angle deviation from 180° before and after casting
The before and after angular measures (Table 7 and 8) showed improvement in valgus and varus knees.

Table 7: mean angle deviation correction
	Deformity type
	Mean angle deviation from 180°
	Number
	Standard Deviation

	Before left varum 
	23,00
	24
	15,864

	After left varum 
	7,43
	24
	4,721

	Before right varum 
	21,00
	31
	13,555

	After right varum
	6,56
	31
	4,693

	Before left valgum  
	11,15
	162
	6,525

	After left valgum
	3,33
	162
	3,019

	Before right valgum 
	11,57
	152
	6,170

	After right valgum 
	3,30
	152
	3,218



Table 8: Corrections statistical signification
	
	Paired Differences
	t
	Significance
(2-tailed)

	
	Mean
	Standard deviation
	Standard error mean
	IC à 95%
	
	

	
	
	
	
	Lower
	Upper
	
	

	
	Before left varum - After left varum 
	15,571
	11,516
	4,353
	4,921
	26,222
	3,577
	0,012

	
	Before right varum – After right varum 
	14,444
	9,275
	3,092
	7,315
	21,574
	4,672
	0,002

	
	Before left valgum – After left valgum 
	7,826
	4,399
	0,649
	6,520
	9,132
	12,068
	0,000

	
	Before right valgum – After left valgum
	8,273
	4,234
	0,638
	6,986
	9,560
	12,962
	0,000



32. The inter condylar distance corrections after 12 weeks  of follow up
The pre intervention mean inter condylar distance was 15.21 + 6.05 cm
The post intervention mean intercondylar distance was 7 + 1.83 cm.
The difference is 8.21 with a confidence interval of [4.02 – 12.4]; t=4.80 and p-value=0.003<0.05).  

33. The inter malleolar distance correction after 12 weeks  of treatment
The pre-treatment mean inter malleolar distance was 9.28 + 3.2 cmThe post treatment mean inter malleolar distance was 4,81 + 1.41 cm. Normal value < 8cm.  
The difference is 4.46 cm with CI [3.6 – 5.2]; t=10.81; p-value=0.000 (<0.05). 
4. Risk or aetiologic factors
Potential determinants were evaluated, namely: sex, mode of delivery, vaccination status, breastfeeding at birth, duration of breastfeeding (months), weight of the child at birth and the age at which the child started walking. None was statistically significant.

5. Associated outcome factors (Table 9 and 10)
Table 9: associated factors from angular, intercondylar distance (ICD) and intermalleolar distance (IMD) corrections before 4 years old
	 
	< 4 ans

	 
	Test value


	 
	Yes
	No
	Odds ratio
	Chi 2
	P-value

	Right varum > 15°
	03(3,3)
	05(33,3)
	0,067(0,014-0,325)
	16,861
	0,01

	Left varum <20°
	02(2,2)
	03(20,0)
	0,089(0,013-0,587)
	9,200
	0,01

	Right valgum > 10°
	21(22,8)
	0(0,0)
	0,826(0,749-0,910)
	4,260
	0,03

	Left valgum > 10°
	20(21,7)
	0(0,0)
	0,828(0,752-0,911)
	4,010
	0,04

	Left varum > 20°
	06(6,5)
	02(13,3)
	0,453(0,083-2,491)
	0,865
	0,35

	Right valgum < 10°
	57(62,0)
	8(53,0)
	1,425(0,475-4,273)
	0,402
	0,52

	Right varum <15°
	08(8,7)
	02(13,3)
	0,619(0,118-3,243)
	0,327
	0,56

	Left valgum < 10°
	61(66,3)
	10(66,7)
	0,984(0,309-3,130)
	0,001
	0,97

	 
	
	
	
	
	

	ICD < 8cm
	03(3,3)
	03(20)
	0,135(0,024-0,746)
	6,827
	0,01

	IMD < 6cm
	55(59,8)
	05(33,3)
	2,973(0,940-9,404)
	3,663
	0,06

	ICD > 8cm
	03(3,3)
	02(13,3)
	0,219(0,03-1,438)
	2,937
	0,08

	IMD > 6cm
	21(22,8)
	05(33,3)
	0,592(0,182-1,923)
	0,774
	0,37


Concerning the less than 4 years old children, even high deformities could be corrected. There is 16 more chance to correct a right > 15° varum, 9 chances to For those aged 4 years or above, there was also 16 chances of correcting a right varus > 15°, 9 chances of correcting a left varus of less than 30° and 4 chances to correct a valgus knee of 10° or above, whether left or right.



Table 10: associated factors from angular, intercondylar distance (ICD) and intermalleolar distance (IMD) corrections after 4 years old
	 
	> 4 ans

	 
	Test value


	 
	Yes
	No
	Odds ratio
	Chi 2
	P-value

	Right varum > 15°
	05(33,3)
	03(3,3)
	14,833(3,075-71,553)
	16,861
	0,01

	Left varum <20°
	03(20,0)
	02(2,2)
	11,25(1,703-74,309)
	9,200
	0,01

	Right valgum > 10°
	0(0,0)
	21(22,8)
	0,826(0,749-0,910)
	4,260
	0,03

	Left valgum > 10°
	0(0,0)
	20(21,7)
	0,828(0,752-0,911)
	4,010
	0,04

	Left varum > 20°
	02(13,3)
	06(6,5)
	2,205(0,402-12,110)
	0,865
	0,35

	Right valgum < 10°
	08(53,3)
	57(62,0)
	0,702(0,234-2,104)
	0,402
	0,52

	Right varum <15°
	02(13,3)
	08(8,7)
	1,615(0,308-8,461)
	0,327
	0,56

	Left valgum < 10°
	10(66,7)
	61(66,3)
	1,016(0,319-3,233)
	0,001
	0,97

	 
	 
	 
	 
	 
	 

	ICD < 8cm
	03(20,0)
	03(3,3)
	7,417(1,341-41,008)
	6,827
	0,01

	IMD < 6cm
	05(33,3)
	55(59,8)
	0,336(0,106-1,064)
	3,663
	0,06

	ICD > 8cm
	02(13,3)
	03(3,3)
	4,564(0,695-29,954)
	2,937
	0,08

	IMD > 6cm
	05(33,3)
	21(22,8)
	1,690(0,520-5,495)
	0,774
	0,37


For those aged 4 years or above, there was also 16 chances of correcting a right varus > 15°, 9 chances of correcting a left varus of less than 20° and 4 chances to correct a valgus knee of 10° or above, whether left or right.
So, age less than 4 years old and deformity less than 10°, ICD <8cm and IMD <6 cm seem to be good prognostic factors and early intervention is more effective. Great attention should also be given to small deformities to completely correct them. 
4. Discussion
This study evaluated the effectiveness of plaster casting combined with bracing in correcting primary frontal knee deformities among children aged 2-8 years followed at two rehabilitation centres of Yaounde (the National Rehabilitation Centre for Disabled people and PROMHANDICAM centre). 1214 patients were treated in those two rehabilitation centres. There was 369 cases of primary knee deformity (30,40%).   The most prevalent deformity was bilateral valgus 245(66.4%) cases, followed by bilateral varum and windswept deformity with 84 (22.76%) cases and 16 (4.34%) cases respectively. Also, cases of unilateral valgus or varum were noted.  There was a dominance of male. All were treated with casting and braces. Before and after measures are compared and pronostic factors evaluated.
6.1.  Frequency and distribution 
When considering the types of knee deformities observed, the high prevalence of bilateral valgus 245 out of 369 (66.4%) followed by bilateral varum and finally windswept deformities was noted. This is in line with Ibrahima et al., who found that 58.97% of cases were of valgus type [18] and who worked in a similar context. This result is in contrast with Echarri et al. foundings, who had genu varum as common deformity with 58.2% of cases [19]. 
There was a dominance of male in the sample, with a 190/179 (51,49%) proportion, suggesting a potential gender-specific vulnerability or risk factor that warrants further investigation. This study is inline with Mahmoud et al., who found that primary school boys were twice affected than primary school girls [20]. This is a also similar to Hidayatullah and Martanto findings who had 67% males, and 33% females [21] and to Arazi’s findings where boys were more affected than girls [22]. 

4.2.  Outcome of plaster casting associated to bracing on primary frontal knee deformities correction among children aged between 2 to 8 years. 
[bookmark: _Hlk211397393]The results showed that the use of plaster with bracing significantly reduced the inter condylar distance (ICD) mean before and after the intervention. The mean ICD decreased by almost half, from 15.21 cm to 7 cm. This finding may be influenced by the small sample size ; the mean value after treatment (7 cm) was still higher than the normal threshold (3 cm). The literature generally supports the use of plaster casts with bracing in the management of lower limb deformities, including conditions that affect the ICD [2,18]. 
There was a statistically significant difference in the IMD (intermalleolar difference) mean before and after the intervention. The finding that the mean IMD decreased by almost half, from 9.28 cm to 4.81 cm, after the use of plaster treatment with bracing is consistent with the reported benefits of this intervention in the literature. The statistically significant reduction in IMD (mean difference of 5.01 cm) further supports the efficacy of the plaster treatment with bracing in normalizing the IMD values (≤10 cm) in most patients. This aligns with the existing literature on the effectiveness of plaster casts in the treatment of lower limb deformities, such as genu valgum and genu varum, which are often associated with increased IMD [1] and in contrast to Njim and al. who noted that the effectiveness of knee bracing for frontal deformities in children remains unclear, on long-term outcomes, needing more research [23]. 
There was also a significant reduction in all angle parameters of the knee after treatment. Left and right varum decreased from 23.0 to 7.43 (and from 21 to 6.56 respectively), while left and right valgum also decreased form 11.15 to 3.30 (and 11.57 to 3.3 respectively). This proves the effectiveness of plaster casting with bracing in the correction of primary frontal knee deformities. But, the differences was not statistically significant. The literature on the management of lower limb deformities, such as genu valgum and genu varum, often highlights the importance of various factors, including patient demographics, clinical presentation, and treatment approaches [4]
4.3.  Risk factors of the deformity 
Potential determinants were evaluated, namely: sex, mode of delivery, vaccination status, breastfeeding at birth, duration of breastfeeding (months), weight of the child at birth and the age at which the child started walking. No significant influence was obtained for the occurrence of knee deformities.  The literature generally identifies several risk factors such as genetic factors, racial/ethnic variations [24], twins, nutritional status, physical inactivity or delayed walking and certain medical conditions [7,19,25]. Our study population sample size and statistical power   may not have been sufficient to detect significant associations.  
4.4. Pronostic factors
Age less than 4 years old and deformity less than 10°, Intercondylar distance (ICD) <8cm and inter malleolar distance (IMD) <6 cm seem to be good prognostic factors and early intervention is more effective. Similarly, it was found that tall, overweight, more preoperative and postoperative IMD are the factors responsible for poor patients satisfaction in a study conducted by Rahul Rajan and al in 2019 in India (operative technique) [26]. 
V.4. Limitations and strengths of the study
 V.4.1 Limitations 
- One key limitation of this study was the relatively small clinical sample size. While we were able to recruit a diverse group of participants, the total number was still relatively low, which may limit the generalization of the findings. Additionally, the study was conducted in a single geographic region, which could mean the results may not apply as well to other populations or locations. Contextual factors, such as access to healthcare, socioeconomic status, and environmental influences, could impact the effectiveness of the plaster casting intervention. 
- The consecutive sampling approach, while ensuring the representation of different types of knee deformities, may introduce some selection bias, as it does not involve random selection. 
- The study duration and data collection period (November 2023 to June 2024) may be relatively short, which could limit the ability to assess long-term outcomes of the plaster casting intervention. 
- Additionally, there may be other unmeasured variables that could also influence the outcomes of interest.
- The sample size calculation was based on a previous study, which may not accurately reflect the true population size or prevalence of knee deformities in the target population.  
V.4.2 Strengths - Despite these limitations, this study has several notable strengths. First, the research team has extensive experience and expertise in the field of physiotherapy and orthopaedic non-surgical care in two national reference centres of the capital city of our country.  The study uses a retrospective and prospective interventional design, which allows for assessing the effectiveness of plaster casting over time for some patients. 
5. Conclusion and recommandations
The study found a slight predominance of males 51.2%. The most common primary frontal knee deformities were bilateral valgus and bilateral varum deformities. The study indicated that casting and bracing effectively correct mild to moderate cases of primary frontal knee deformities at early ages. Plaster casting with bracing significantly reduced the inter-malleolar distance (IMD), and inter-condylar distance (ICD). The study did not identify any significant risk factors among the variables examined, which was unexpected given the existing literature. 
Overall, plaster casting and bracing are relatively safe and well-tolerated by young patients and represent valuable non-surgical options for managing frontal knee deformities in young children, providing clinicians with additional tools to address this common orthopaedic issue. Improving early detection and treatment will decrease surgeries like : epiphyiodesis, osteotomies and knee arthroplasties.
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