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	Abstract

	Single event multilevel surgery refers to the correction of all orthopaedic deformities in one session. To evaluate the outcomes of Single Event Multi-Level Surgery in children with spastic cerebral palsy. We retrospectively studied all 38 children with cerebral palsy and gait deviations who underwent single-event multilevel surgery between January 2016 and December 2022 in Al-Naqib Hospital, in Aden. Data were presented as mean values with the standard deviation. The chi-square test was used to test for significance. We used SPSS ver. 22 for statistical analysis. Statistical significance was defined as a P-value of < 0.05. Thirty-eight children patients suffering of spastic-type cerebral palsy underwent surgical interventions in enhancing motor function. Single event multilevel surgery procedures performed. The age of patients at surgery ranged from 4–17 years with a mean age of 10.8±4.2 years. Gender distribution was (73.7%) males to (26.3%) females. The affected lower limb represented as predominant in (89.5%) patients. Jump gait was predominant in (79.0%) children and the hemiplegic gait was in (10.5%). Postoperatively at final follow up, the gait pattern was normal in (26.3%) children and near normal in (73.7%) children. Preoperatively, the majority of children were classified at higher levels of motor impairment with (63.2%) children patients categorized as Gross Motor Function Classification System Level II. At the final follow-up, significant improvements were observed in gross motor function. The number of children classified as Gross Motor Function Classification System Level I increased markedly to (65.8%). The number of children in level II decreased to (23.7%). Two children had a superficial wound infection postoperatively. Recurrent hamstring contracted were found in (7.9%) children and at the final follow up, knee pain was found in (21.1%) children. The results of single event multilevel surgery are considered satisfactory with minimal complications.
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Introduction:
Orthopedic surgery has been a method of intervention in cerebral palsy (CP) for the last century. Many soft tissue and bony procedures have been developed to address the musculoskeletal aspects of this condition. In more recent years, the approach to surgery has changed from performing one or two procedures at a time to addressing all deformities simultaneously. Single event multilevel surgery (SEMLS) refers to the correction of all orthopaedic deformities in one session, which has the advantage of requiring one hospital admission and one period of rehabilitation [1,2]. A further rationale for SEMLS is the prevention of secondary deformity, which can occur when a single deformity is addressed [2]. It is generally recommended that SEMLS is performed at about this age [3].
[bookmark: ft5]Children with spastic-type CP have the risk of joint contractures and bone deformities over time. The aim of orthopedic treatment is to correct the contractures and deformities, increase the patient's function and abilities, and ensure independence of the individual [4-6]. Multi-level surgical approach in a single stage - single event multilevel surgery (SEMS) - is the currently preferred orthopedic surgical management to improve gait and function in children with CP [7].
With the advent of stable internal fixation devices for osteotomies, improved tendon lengthening and transfer methods, and lightweight orthotics, SEMLS has become the gold standard for the care of patients with CP. These advances make the rapid mobilization of the patient possible, reducing the recovery time [3,8,9].  
Objective:
To evaluate the outcomes of Single Event Multi-Level Surgery (SEMLS) in children with spastic cerebral palsy involving the bilateral and unilateral lower limbs, focusing on improvements in the outcomes of surgical intervention by using gait analysis, Gross Motor Function Classification System (GMFCS) and complication rates. 
Materials and methods:
We retrospectively studied all 38 children with cerebral palsy and gait deviations who underwent single-event multilevel surgery between January 2016 and December 2022 in Al-Naqib Hospital, Almansoora, Aden. The duration of follow up after surgical intervention was two years. 
The collected variables included sex, children age at the time of surgery, the clinical findings, the causes of the spastic cerebral palsy, the gait pattern preoperatively and postoperatively, the duration follow up, the cases by improvement of gross motor function, and the complication. 
Data are presented as mean values with the standard deviation (SD). The chi-square test was used to test for significance. We used IBM SPSS ver. 22 for statistical analysis. Statistical significance was defined as a P-value of < 0.05. 
Results: Thirty-eight children patients suffering of spastic-type cerebral palsy (CP) underwent surgical interventions in enhancing motor function. Single event multilevel surgery procedures performed. The age of patients at surgery ranged from 4–17 years with a mean age of 10.8±4.2 years. Gender distribution was 28 (73.7%) males to 10 (26.3%) females, with a ratio male to female 2.8 to 1, as shown in Table 1 and Figure 1. 
Table 1: Demographic characteristics of patients (n=38)
	Variables
	Mean ± SD or frequency
	Min-Max or Ratio

	Sex:
Male
Female
	
28   (73.7%)
10   (26.3%)
	

	Male to female:
	
	2.8:1

	Age range (years):
	
	4 – 17

	Mean age ± SD (years):
	10.8 ± 4.2
	

	Age groups:
≤ 10
> 10
	
	
19    (50%)
19    (50%)


Fig. 1: Gender proportions of the study children

Table 2 provides the variables of clinical findings and causes of the spastic cerebral palsy in the study children patients. The affected lower limb represented as predominant in 34 (89.5%) patients followed by the left lower limb in 3 (7.9%) and right lower limb in 1 (2.6%). Therefore, spastic diplegia in 34 (89.5%) patients and spastic hemiplegia in 4 (10.5%) patients. Moderate spastic cerebral palsy were found in 34 (89.5%) children patients and severe spastic cerebral palsy in 4 (10.5%) children.  
Additionally, Table 2 reveals the causes of spastic CP. Premature born in 16 (42.1%) children, meningitis in 11 (28.9%) children, malformation in 9 (23.7%) children and trauma in 2 (5.3%) children. 
Physiotherapy before operation applied for 33 (86.8%) children. Medications were used among 11 (28.9%) children.   
Table 2: Clinical findings in the patients (n = 38)
	Variables 
	No
	%

	Side of the body: 
Both lower limb
Left lower limb 
Right lower limb
	
34
3
1
	
89.5
7.9
2.6

	Type of spastic CP: 
Diplegia 
Hemiplegia
	
34
4
	
89.5
10.5

	Severity Impairment: 
Moderate 
Severe   
	
34
4
	
89.5
10.5

	Causes of spastic CP: 
Premature born
Meningitis 
Malformation 
Trauma 
	
16
11
9
2
	
42.1
28.9
23.7
5.3

	Physiotherapy before operation: 
Yes 
No 
	
33
5
	
86.8
13.2

	Medicines used: 
Botox  
Not used 
	
11
27
	
28.9
71.1



Table 3 shows the distribution of cases by gait pattern preoperatively and postoperatively at final follow up. Jump gait was predominant in 30 (79.0%) children, the hemiplegic gait was in 4 (10.5%) and crouch gait was in 4 (10.5%). Postoperatively at final follow up, the gait pattern was normal in 10 (26.3%) children and near normal in 28 (73.7%) children.
Table 3: Distribution of cases by gait pattern preoperatively and at final follow up (n=38)
	Gait pattern 
	Preoperatively 
	Postoperatively

	
	No                   (%)
	No                   (%)

	Jump gait
	30                   (79.0)
	0                   (0.0)

	Hemiplegic gait
	4                   (10.5)
	0                   (0.0)

	Crouch gait
	4                   (10.5)
	0                   (0.0)

	Normal 
	0                   (0.0)
	10                   (26.3) 

	Near normal 
	0                   (0.0)
	28                   (73.7)


Table 4 provides the distribution of cases by improvement of gross motor function. Preoperatively, the majority of children were classified at higher levels of motor impairment, with 24 (63.2%) children patients categorized as GMFCS level II. Additionally, 10 children (26.2%) were at level III, while only 4 (10.5%) children categorized as GMFCS level I. At the final follow-up, significant improvements were observed in gross motor function. The number of children classified as GMFCS level I increased markedly to 25 (65.8%). The number of children in level II decreased to 9 (23.7%) and those in level III decreased to 4 (10.5%). 
Table 4: Distribution of cases by improvement of gross motor function (n=38)
	GMFCS 
	Preoperatively 
	Postoperatively

	
	No                   (%)
	No                   (%)

	I
	4                   (10.5)
	25                   (65.8)

	11
	24                   (63.2)
	9                   (23.7)

	111
	10                   (26.3)
	4                   (10.5)


GMFCS = Gross Motor Function Classification System
Two children had a superficial wound infection postoperatively. Recurrent hamstring contracted were found in 3 (7.9%) children and at the final follow-up, knee pain was found in 8 (21.1%) children, as shown in Table 5. 
Table 5: Postoperative results of the study patients (n = 38)
	Variables 
	No
	%

	Infection:
Yes (Superficial wound infection)
No
	
2
36
	
5.3
94.7

	Recurrent hamstring contracted
Yes
No
	
3
35
	
7.9
92.1

	Knee pain:
Yes
No
	
8
30
	
21.1
78.9


Discussion:
Orthopaedic surgery has a major role to play in minimizing the impairments and activity limitations associated with the development of musculoskeletal pathology in children with cerebral palsy [10].   
Most newborn infants with cerebral palsy have little, if any, identifiable musculoskeletal pathology, although developmental dysplasia of the hip may occur with a similar frequency to that found in typically developing children [10-12].  
The subsequent development of ‘secondary musculoskeletal problems’ across childhood is common, as acknowledged in the 2006 updated Definition and Classification of Cerebral Palsy report [13]. 
Orthopaedic procedures have been designed to address the various components of the progressive musculoskeletal pathology including tendon lengthenings, tendon transfers, rotational osteotomies, and joint stabilization procedures [14,15].  
More recently, single-level surgery has been replaced by the concept of multilevel surgery in which multiple levels of musculoskeletal pathology, in both lower limbs, are addressed by two surgical teams during one operative procedure, requiring only one hospital admission and one period of rehabilitation [14,15].  
This is variously described as multilevel surgery, gait-improvement surgery and, most frequently, single-event multilevel surgery (SEMLS) to distinguish it from the ‘birthday syndrome’ approach of the past [16]. SEMLS has been shown to improve children’s quality of life, particularly the child’s perceived ability to walk and feelings about functioning [16,17]. 
In our present study, the characteristics of the children patients showed a mean age of 10.8±4.2 years, with a predominance of male patients (73.7%) and a higher occurrence of diplegic spastic cerebral palsy (79.6%) compared to hemiplegic spastic cerebral palsy (20.4%). 
Our findings are consistent with published studies reported by Hasan et al [18] from Bangladesh and by Badawy et al [19] from Egypt. 
In the present study, we found the affected lower limb represented as predominant in (89.5%) patients followed by the left lower limb in (7.9%) and right lower limb in (2.6%). Therefore, spastic diplegia in (89.5%) patients and spastic hemiplegia in (10.5%) patients.  
Michael-Asalu et al [20] reported in their published study that 35% of children with CP have spastic diplegia, which is the most common clinical phenotype of CP.  
In this study we found that the causes of spastic CP mostly in premature born in (42.1%) children followed by meningitis in (28.9%) children, then malformation in (23.7%) children and trauma in (5.3%) children. Cerebral Palsy is a group of permanent, but not unchanging, disorders of movement and/or posture and of motor function, which are due to a non-progressive interference, lesion, or abnormality of the developing/immature brain [21]. 
Cerebral palsy (CP) is a term describing a group of movement and posture disorders due to a non-progressive lesion in the developing brain, with a prevalence of approximately two in every 1000 live births [22-24]. 
Zancolli [25] reported in his published study that the neurological injury can be acquired pre-, perior postnatally. Most commonly, injury is caused by fetal or neonatal challenges such as prematurity, anoxia, trauma at birth, congenital defects and/or postnatal injury. The most common causes of postneonatal CP are traumatic brain injury, near-drowning, and meningitis [20]. 
In the current study, we found the gait pattern preoperatively and postoperatively at final follow up. Jump gait was predominant in (79.0%) children, the hemiplegic gait was in (10.5%) and crouch gait was in (10.5%). Postoperatively at final follow up, the gait pattern was normal in (26.3%) children and near normal in (73.7%) children. Our study findings were similar to the results reported by others [18,19]. 
In our present study, we found the improvement of gross motor function. Preoperatively, the majority of children were classified at higher levels of motor impairment, with (63.2%) children patients categorized as GMFCS level II. Additionally, (26.2%) children were at level III, while only (10.5%) children categorized as GMFCS level I. At the final follow-up, significant improvements were observed in gross motor function. The number of children classified as GMFCS level I increased markedly to (65.8%). The number of children in level II decreased to (23.7%) and those in level III decreased to (10.5%). Our findings were in agreement with results reported by Hasan et al [18] from Bangladesh and previous studies in literature [7,26,27]
In the current study, we found 2 (5.3%) children had a superficial wound infection postoperatively. Recurrent hamstring contracted were found in (7.9%) children and at the final follow-up, knee pain was found in (21.1%) children. Our findings were to some extent similar to that reported by other [18]. Rutz et al [28] reported in their published study that by performing the SEMLS is possible to decrease the   complications. 
Conclusion:
Single event multilevel surgery is an effective surgical intervention for improving mobility, and quality of life in children with spastic cerebral palsy. The results of single event multilevel surgery are considered satisfactory with minimal complications. 
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	المُلخّص

	[bookmark: _Hlk218206513]تُشير جراحة متعددة المستويات في جلسة واحدة إلى تصحيح جميع التشوهات العظمية في جلسة واحدة.  تقييم نتائج جراحة متعددة المستويات في جلسة واحدة لدى الأطفال المصابين بالشلل الدماغي التشنجي. أجرينا دراسة استرجاعية شملت جميع الأطفال الـ 38 المصابين بالشلل الدماغي واضطرابات المشي، والذين خضعوا لجراحة متعددة المستويات في جلسة واحدة في مستشفى النقيب بعدن، خلال الفترة من يناير 2016 إلى ديسمبر2022. تم عرض البيانات كمتوسطات مع الانحراف المعياري. تم استخدام اختبار مربع كاي لاختبار الدلالة الإحصائية. استخدمنا برنامج SPSS الإصدار 22. خضع 38 طفلاً مصاباً بالشلل الدماغي التشنجي لتدخلات جراحية لتحسين وظائفهم الحركية. أُجريت لهم جراحة متعددة المستويات في جلسة واحدة. تراوحت أعمار المرضى عند إجراء الجراحة بين 4 و17 عامًا، بمتوسط 10.8 ± 4.2 عامًا. وكانت نسبة الذكور 73.7% والإناث 26.3%. وشكّل الطرف السفلي المصاب النسبة الأكبر لدى 89.5% من المرضى. وكانت مشية القفز هي السائدة لدى 79.0% من الأطفال، بينما كانت مشية الشلل النصفي هي السائدة لدى 10.5% منهم. وبعد الجراحة، عند المتابعة النهائية، كانت نمط المشي طبيعيًا لدى 26.3% من الأطفال، وشبه طبيعي لدى 73.7% منهم. وقبل الجراحة، صُنّف معظم الأطفال ضمن مستويات متقدمة من الإعاقة الحركية، حيث صُنّف 63.2% منهم ضمن المستوى الثاني من نظام تصنيف الوظائف الحركية الإجمالية. عند المتابعة النهائية، لوحظ تحسن ملحوظ في وظائف الحركة الإجمالية. ارتفع عدد الأطفال المصنفين ضمن المستوى الأول من نظام تصنيف وظائف الحركة الإجمالية بشكل ملحوظ إلى 65.8%. بينما انخفض عدد الأطفال في المستوى الثاني إلى 23.7%. عانى طفلان من عدوى سطحية في الجرح بعد العملية. كما لوحظ تقلص متكرر في عضلات الفخذ الخلفية لدى 7.9% من الأطفال، وفي المتابعة النهائية، شُخص ألم في الركبة لدى 21.1% منهم. تُعتبر نتائج الجراحة متعددة المستويات في جلسة واحدة مُرضية مع الحد الأدنى من المضاعفات.

	الكلمات المفتاحية: التقييم، النتائج؛ الجراحة متعددة المستويات في جلسة واحدة؛ الشلل الدماغي؛ عدن.
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