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Abstract 
BACKGROUND
Orthopedic surgery in children with cerebral palsy (CP) aims to improve function and prevent deformities. Each child’s condition in CP is unique and many co-variables influence surgical decision-making including a patient's age and their functional level. Little is known about the frequency of different types of orthopedic surgery in children with CP who have varied functional levels, particularly in countries from Latin America.

AIM
To assess the type of orthopedic surgical procedures in relation to age and gross motor function in children with CP. 

METHODS
This retrospective study included all children with CP (n = 245) treated with elective orthopedic surgery at a Uruguayan university hospital between October 2010 and May 2016 identified from a surgical database. Eighteen children (7%) were lost to follow-up due to missing medical charts. Demographics, gross motor function classification (GMFCS), and orthopedic surgeries were obtained from the medical records of 227 children. Chi-squared tests and analysis of variance were used to assess the frequency of surgery, accounting for GMFCS levels. Mean age for soft tissue versus bone surgery was compared with the independent samples t-test.

RESULTS
A total of 711 surgical procedures were performed between 1998 and 2016. On average, children had 3.1 surgical procedures and the mean age at first surgery was 8.0 years. There were no significant differences in age at first surgery among GMFCS levels (P = 0.47). The most common procedures were lower leg soft tissue surgery (n = 189, 27%), hip tenotomy (n = 135, 19%), and hamstring tenotomy (n = 104, 14%). For children with GMFCS level I, the mean number of surgeries per child [1.8 (range 1-9)] differed significantly at P < 0.05 in children with GMFCS levels II [3.2 (1-12)], III [3.2 (1-8)], IV [3.3 (1-13)], and V [3.6 (1-11)]. Within II, III, IV, and V, there was no significant difference in mean number of surgeries per child when comparing across the groups. The proportion of soft tissue surgery versus bone surgery was higher in GMFCS levels I-III (80%-85%) compared to levels IV (68%) and V (55%) (P < 0.05). 

CONCLUSION
The frequency of surgical procedures per child did not increase with higher GMFCS level after level I. However, the proportion of bone surgery was higher in GMFCS levels IV-V compared to I-III. 
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Core tip: Little is known about the frequency of different types of orthopedic surgery in children with cerebral palsy, particularly in Latin America, as most studies related to orthopedic surgery are retrospective case series describing a specific surgery. This paper illustrated that among Uruguayan children with cerebral palsy, the number of corrective surgeries performed did not differ by functional motor ability (gross motor function classification levels) after level I, but the types of surgeries did differ by gross motor function classification levels. The proportion of soft tissue surgery versus bone surgery was higher in ambulatory children compared to non-ambulatory children.



INTRODUCTION 
Cerebral palsy (CP) is the most common neurologic disorder causing motor impairment in children and affects 2-3 of 1000 children[1]. In Uruguay, this amounts to roughly 100 children diagnosed with CP annually. CP is commonly classified not only by the dominant symptom, but by functional motor ability, according to the Gross Motor Functional Classification Scale (GMFCS)[2]. 
Orthopedic surgery is common in children with CP. A Danish registry study concluded that 41% of children between 8 and 15 years with GMFCS level I, 54% with level II, and 62% with levels III, IV or V had received orthopedic surgery[3]. Orthopedic surgery aims to improve the child’s quality of life by controlling pain, optimizing independence and self-care, maximizing movement, balance and coordination, and maintaining functionality[4]. Another primary indication for orthopedic surgery is to prevent future complications such as contractures, hip dislocations, and scoliosis progression[5]. Each child’s condition in CP is unique making it difficult to establish guidelines about when is the best age for different types of orthopedic surgery. Several factors affect the timing for a surgical procedure: the change of spasticity over time which in general is most severe in preschoolers[6], the development of joint contractions[7], hip migration[8], pain[9], the GMFCS level and comorbidities[4,7].   
There is a trend towards single event multilevel surgery (SEMLS), which can be defined as two or more soft tissue or bony surgical procedures performed at two or more anatomical levels during a single surgery[10]. Avoiding repeated operations has many advantages, including fewer hospital admissions and periods of rehabilitation. Little is known about the frequency of different types of orthopedic surgery in children with CP. Most studies related to orthopedic surgery are retrospective case series describing a specific surgery. We are only aware of one published study in the literature that has described the frequency of orthopedic surgical procedures in children with CP[11] and to the best of our knowledge, there are no studies of this kind in Latin America. 
The aim of this retrospective cohort study was to analyze the frequency, anatomic location, and type of orthopedic surgical procedures in relation to age and gross motor function in children with CP. We hypothesized that the frequency of surgical procedures per child would increase with higher GMFCS level.

MATERIALS AND METHODS
Ethical considerations
Institutional Human Subjects approval was obtained for this study from our local Board (Centro Hospitelario Pereira Rossell).

Recruitment of participants
We retrospectively reviewed the charts of all patients with CP treated with orthopedic surgery at a public university hospital providing care to children of lower socioeconomic status in Montevideo between October 2010 and May 2016. Patients were identified from the hospital surgical electronic database for elective orthopedic surgery. As the surgical registry became computerized in October 2010 this date was chosen as the start date for the study. Among the 251 patients retrieved from the surgical database, 6 did not have a CP diagnosis recorded in the medical charts and were excluded. Thus, 245 patients with CP treated with orthopedic surgery were included in this study. The flow of the patients through the study is illustrated in Figure 1. 

Assessment and evaluation
CP subtype was classified according to the Surveillance of Cerebral Palsy in Europe into Bilateral Spastic, Unilateral Spastic, Dyskinetic, Ataxic, and Non classifiable CP[12]. GMFCS level was established based on findings in the medical history from the treating physician or rehabilitation physician. Because this classification system was not used in our hospital from the beginning of the study period, we chose to use the last recorded GMFCS level in the medical charts. During phase one of the data collection, all orthopedic surgeries recorded in the patients’ medical history were collected and confirmed by reading the surgical history in the medical chart. The type of surgery was noted, soft tissue or bone, and classified according to the most affected anatomical location as follows: spine, upper extremity, pelvic osteotomy, proximal femur osteotomy, hip tenotomy, distal femur osteotomy, surgery for patella alta, hamstring tenotomy, osteotomy lower leg, soft tissue lower leg, and foot. Soft tissue lower leg surgery included: slide and Z lengthening of the Achilles tendon and soleus and gastrocnemius aponeurotic lengthening such as Vulpius to treat foot equinus. Orthopedic surgeries that could not be classified into this system were defined as “other” types of surgery. For example, “other” included implant removal, wound infection requiring a reoperation, or correction of cast. Bilateral procedures of the same type and on the same date were counted as one surgery. The surgical procedure with two or more soft tissue or bony surgical procedures at two or more anatomical levels during one operative procedure was classified as an SEMLS[10]. Pelvic osteotomies with proximal femur osteotomy and hip tenotomy were not classified as a single event multi-level surgery. A database was constructed using data extracted from the charts.

Statistical analysis
Descriptive statistics such as counts, percentages, means and standard deviations or medians with ranges were used to characterize the sample. Age at first surgery, surgeries per patient, and mean number of surgical sessions was compared among GMFCS levels using one-way analysis of variance (ANOVA). Number of surgeries classified by type of surgery (soft tissue and bone surgery) was compared using the chi-squared test. Mean age for soft tissue versus bone surgery was compared with the independent samples t-test. P values of 0.05 or less were considered statistically signiﬁcant. Statistical analysis was performed with the statistical program SPSS for Mac 23.0 (www.spss.com, SPSS Inc., Chicago, IL, United States).
The statistical methods of this study were reviewed by Dr. Maura Daly Iversen, Professor of Public Health and Physical Therapy Sacred Heart University.

RESULTS
Of the 245 patients included in the study, 18 (7%) were lost due to missing charts. Thus, data on 227 patients with CP (46% female) were obtained from the medical records. The mean age of the patients at the first surgery was 8.1 years (range 2-19) and the mean follow-up from first surgery was 52 mo (range 0-219 mo). Most children were classified as having spastic diplegia (80%) or spastic hemiplegia (17%). In 1% of children, the CP subtype was not possible to classify. The proportion of children within the different GMFCS levels was I = 14%, II = 22%, III = 18%, IV = 23, and V = 23% (Table 1).  
Table 2 illustrates surgical characteristics of the 227 children. There were 711 total surgical procedures performed on these children between 1998 and 2016. The mean number of surgeries per patient was 3.1 (range 1-13). An ANOVA on the mean number of surgeries per child between different GMFCS levels yielded significant variation, F (4, 222) = 3.69, P = 0.006. A post hoc Tukey test showed that for children with GMFCS level I, the mean number of surgeries per child [1.8 (range 1-9)] differed significantly at P < 0.05 with children with GMFCS levels II [3.2 (1-12)], III [3.2 (1-8)], IV [3.3 (1-13)], and V [3.6 (1-11)]. Within GMFCS levels II, III, IV, and V, there was no significant difference in the mean number of surgeries per child. Taken together, these results suggest that children with GMFCS level I have significantly fewer surgeries than children with more limited ability to ambulate. However, the frequency of surgical procedures per child did not increase with higher GMFCS level after level I. 
The ANOVA test demonstrated no significant differences in age at first surgery among GMFCS levels [F (4, 222) = 1.71, P = 0.47]. Not including surgeries classified as other, 441 surgeries were classified as soft tissue surgery and 217 as bone surgery. The mean age for soft tissue surgery was 8.3 years compared to 11.0 years for bone surgery (P < 0.05). The proportion of soft tissue surgery was higher in GMFCS levels I-III (77%) compared to levels IV-V (59%) (P < 0.05) (Figure 2).
The total number of visits to the surgical theater for children in this study was 413. The mean number of surgeries per child was 1.8 (1-10). ANOVA on the mean number of surgeries per child between different GMFCS levels yielded no significant variation [F (4, 222) = 1.71, P = 0.149]. Of the 413 times a child was in the surgical theater, SEMLS was performed 140 times (34%) with an average of 2.6 (range 2-5) procedures. The distribution of children who underwent SEMLS based on GMFCS level was I = 5%, II = 25%, III = 26%, IV = 26%, and V = 18%. 
The most common procedures performed were soft tissue surgery of lower leg [number of procedures = 189 (27%)], adductor psoas tenotomy [n = 135 (19%)], and hamstring tenotomy (n = 102 (14%)) (Table 3). Of all the surgeries, 8% were classified as other including removal of osteosynthesis material, correction of casts and in two children, surgical treatment due to post-operative infection. The most common soft tissue surgery of the lower leg was unilateral or bilateral Vulpius (78%). In 22% of the children with soft tissue surgery of the lower extremity, the procedure was repeated 1-3 times on the same side. Hip surgery, regardless of the type, was more common in GMFCS levels IV and V. The mean age for pelvic osteotomies was 8 years (range 3-16) and hip tenotomies was 8 years (range 2-16). Among the 227 patients, hip salvage procedures were performed in 4 children (1.7% of the patients). The mean age at surgery for soft tissue lower leg, hamstring tenotomy, hip tenotomy, and pelvic osteotomy was under 10 years. The mean age at surgery was 10 years or more for foot, lower leg osteotomy, surgery for patella alta, distal femur osteotomy, proximal femur osteotomy, upper extremity surgery, and spine surgery. 

DISCUSSION
Key findings
This study analyzed the frequency, anatomic location, and type of orthopedic surgical procedures in relation to age and gross motor function in children with CP in a public university hospital providing care to children of lower socioeconomic status. We hypothesized that the frequency of surgical procedures per child would increase with higher GMFCS level. This hypothesis could not be confirmed with our data, as the frequency of surgical procedures per child did not increase with higher GMFCS level after level I. This result could partly be explained by the indication and goal of the surgery in an ambulatory child, which is to improve gait, compared to the goal of surgery in a non-ambulatory child where the goal of treatment is often related to pain relief, greater comfort with positioning, improved basic care, correction of severe foot deformities, prevention of hip dislocation, and/or to halt progression of scoliosis[5]. Another reason is that the benefit of surgery in non-ambulatory children needs to be judged against the increased risk of major complications due to the presence of comorbidities such as malnutrition and decreased pulmonary and cardiac function[7]. Additionally, there is also an increased risk of complications from surgery such as nerve palsies and neuropathic pain in this patient group[5]. 
We identified only one published study that described the frequency of orthopedic surgical procedures in children with CP[11]. This study examined data from 127 children and only classified lower extremity surgeries. The researchers did not include children with GMFCS level V and children with hemiplegia who had isolated tendo-achilles lengthening surgery. The average age at first operation was 6.9 years compared to 8.0 years in our study. These researchers also found no significant differences among GMFCS levels for the number of procedures performed, but children at GMFCS level II underwent significantly more surgical sessions than those at level I. Since there are few data reported, it is hard to draw any conclusion about whether children in our cohort received similar numbers of surgeries compared to other parts of the world.   
Few children in our study had surgery at a very young age, because in preschool children with CP, orthopedic issues are normally treated without surgery[5]. However, children with more severe forms of CP often receive adductor-psoas tenotomies at young age to prevent hip subluxation[13]. In our study, surgery among ambulatory children aged 6 to 10 years focused on limb alignment, often as SEMLS in GMFCS level higher than I. Among non-ambulatory children aged 6 to 10 years, surgery focused on prevention of hip subluxation or dislocation. Among adolescents, surgeries focus more on preventing recurrence of lower extremity deformities.  
Among all surgeries performed, roughly one-third of the surgeries were SEMLS. However, the complexity of the SEMLS varied between lengthening of two tendons on two different anatomic levels and advanced surgery combining both soft tissues and bony procedures in more than two different anatomic levels.
Even though orthopedic surgery in children with CP focuses primarily on the lower extremities, one might expect a higher prevalence of upper extremity surgeries in this cohort. However, we found only three upper extremity surgeries in our data. One possible explanation for this small number of upper extremity surgeries in our study is that in Uruguay plastic surgeons are responsible for correcting wrist and hand deformities. We did not have access to these medical charts and therefore, the real number of upper extremity surgeries in our study population is probably higher. 
Among the nine children in our study who had scoliosis surgery, none developed a wound infection, while Samdini et al[14] reported 4.7% of spine surgeries in 127 children with CP resulted in wound infections requiring re-operation. Since we did not include unplanned surgeries performed outside surgical hours (evenings and weekends), we may be under-estimating the post-operative infections requiring surgery. However, we did not find any indication of under-reporting in the medical charts.

Strengths and weaknesses of the study
As with all retrospective research, this study had several limitations. One is that it was conducted by reviewing medical charts at a single hospital including only children with at least one orthopedic surgery. Therefore, these results may have limited generalizability. Since we did not know the total number of children with CP we could not determine the incidence of orthopedic surgery in this sample of patients. Additionally, there could be patients with CP that were not registered for elective surgery with a CP diagnosis in the hospital surgical electronic database and therefore, were not included in the study. However, to minimize this selection bias, we examined medical records to determine whether any patients without a CP diagnosis had a surgical procedure that could indicate that the child had CP. We also examined medical charts of children from the neuropediatric department to identify whether any children had a CP diagnosis and could not identify any new patients with CP. The fact that 7% of the medical records could not be located demonstrates a weakness of the hospital’s non-electronic medical chart archive system. This supports the advantage for functioning national databases in order to adequately follow-up regarding the outcomes of these patients. The literature strongly supports the effectiveness of specifically designed follow-up programs for the prevention of hip dislocation in children with CP[8,15,16].
There is always a risk of information bias. In this study, data could be misclassified according to CP subtype, GMFCS level, and type of surgery. To lessen the impact of misclassification, we searched the entire medical chart including radiographs. We did not analyze change in functional level over time for these children. However, the children’s rehabilitation doctors also confirmed GMFCS level and CP-subtype recorded in the medical charts.
   The orthopedic care of children with CP in Uruguay is carried out by both public and private institutions with approximately 50% of all orthopedic surgeries in children with CP performed at the public pediatric university hospital in Uruguay, the location of this study. There is a potential for random error due to the fact that some children might have been operated at other hospitals in Uruguay. We did not find any indication of this occurring in the medical charts. However, there is always the possibility that the children subsequently had orthopedic surgery in another hospitals outside Montevideo or changed to private health care or were transferred to an adult hospital at the age of 15 years. In this study, we did not have access to the medical charts of other hospitals. The mortality during childhood is high in GMFCS level V[17] and this is another random error that we could not adjust for in our analysis, as we could not confirm whether some of the children died during the study period. 
Spasticity reduction treatment might in some cases postpone surgery[18] and we did not look at these potential confounders. Children with CP in Uruguay have limited access to botulinum toxin and selective dorsal rhizotomy. However, the access to gait analysis and spasticity reduction treatment in the form of oral Baclofen, regular physiotherapy and orthotic devices probably increased over the study period with the increased availability of rehabilitation centers like Teleton[17] and increased resources in the health care system due to economic growth in Uruguay during the past 15 years. For example, the number of soft tissue surgeries in the lower limb to correct foot equinus might be affected by this as well as by a change in surgical technique over time. 
Many co-variables beyond a patient's age and their functional level influence decision making for surgery. For example, surgical technique, accepted indications, and co-morbidities of the child. However, analyzing the different indication for surgery was beyond the scope of this paper. The indication for surgery changes over time and in the beginning of the study period very few patients had spine surgery partly due to a belief that the risk of major complication was too high. The Uruguayan health system has also changed during the study period and a higher proportion of children with CP in Uruguay are probably operated today in other non-public hospitals. 
Despite these limitations this study had numerous strengths. To the best of our knowledge, this is the first study to describe the frequency of different orthopedic surgical procedures in children with CP in relation to GMFCS level and age group. It is also the first study to report the frequency of orthopedic surgical procedures performed in children with CP at a public University Clinic in Uruguay. Another strength is that the number of children in this study is large and the surgical procedures were confirmed by medical chart reviews.
In conclusion, these results suggest that children with GMFCS level I have significantly fewer surgeries than children with a more limited ability to ambulate but the frequency of surgical procedures per child did not increase with higher GMFCS level after level I. However, the proportion of soft tissue surgery was higher in GMFCS levels I-III compared to IV-V. Even though each individual’s condition is unique in children with CP, information from this study may help to predict future orthopedic surgical interventions based on the GMFCS level and age and can be useful as a basis for comparison for future studies.

ARTICLE HIGHLIGHTS 
Research background
Little is known about the frequency of different types of orthopedic surgery in children with cerebral palsy (CP), particularly in Latin America. 

Research motivation 
The aim of this retrospective cohort study was to analyze the frequency, anatomic location, and type of orthopedic surgical procedures in relation to age and gross motor function classification (GMFCS) in children with CP in a public university hospital providing care to children of lower socioeconomic status. 

Research objectives 
We hypothesized that the frequency of surgical procedures per child would increase with higher GMFCS level. Information from this study may help to predict future orthopedic surgical interventions based on the GMFCS level and age and can be useful as a basis for comparison for future studies.

Research methods 
This retrospective study included all children with CP (n = 245) treated with elective orthopedic surgery at a Uruguayan university hospital between October 2010 and May 2016 identified from a surgical database. Demographics, GMFCS, and orthopedic surgeries were obtained from the medical records of 227 children. 

Research results 
This study examined surgical procedures among children with CP, with a total of 711 surgical procedures performed between 1998 and 2016. On average, children had 3.1 surgical procedures and no differences existed regarding age at first surgery. The most common procedures were: lower leg soft tissue surgery, hip tenotomy, and hamstring tenotomy. For children with GMFCS level I the mean number of surgeries per child differed significantly with children with GMFCS levels II, III, IV and V. Within II, III, IV, and V there was not a significantly significant difference of mean number of surgeries per child when comparing across the groups. The proportion of soft tissue surgery versus bone surgery was significantly higher in GMFCS levels I-III, compared to levels IV and V. This study provides a rich description of orthopedic procedures performed in children with CP. However, we do not know the prevalence of surgery in all patients with CP.

Research conclusions 
This is to our knowledge the first study to describe the frequency of different orthopedic surgical procedures in children with CP in relation to GMFCS level and age group. Our hypothesis that the frequency of surgical procedures per child would increase with higher GMFCS level could not be confirmed with our data, as the frequency of surgical procedures per child did not increase with higher GMFCS level after level I. This result could partly be explained by the indication and goal of the surgery in an ambulatory child which is to improve gait, compared to the goal of surgery in a non-ambulatory child where the goal is often related to pain relief, greater comfort with positioning, improved basic care, correction of severe foot deformities, prevention of hip dislocation, and/or to halt scoliosis progression. Additionally, the benefit of surgery in non-ambulatory children needs to be judged against the increased risk of major complications due to the presence of comorbidities. There is also an increased risk of complications from surgery.

Research perspectives
Few studies describe the panorama of different surgical procedures used in an entire population of children with CP or investigate differences in orthopedic surgical treatment between different CP-subtypes.
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Figure Legends
Total study population
245 children
Data available for analysis
711 surgical procedures in 227 children

Lost to follow-up
No medical records 
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Children in the surgical database without a cerebral palsy diagnosis 
711 children
Children treated with elective orthopedic surgery between October 2010 and May 2016
identified in the hospital surgical database.
1381 surgical procedures in 962 children


























Figure 1 Flow chart of children in the study.





Figure 2 Proportion of soft tissue surgery (n = 441) vs bone surgery (n = 227) in 227 children with cerebral palsy stratified by Gross Motor Function Classification System.



Table 1 Demographic features, cerebral palsy classification, and Gross Motor Function Classification System 
	Variable
	Value 

	Mean age at first surgery, yr (range)
	8.1 (2-19)

	Mean age at end of study period, yr (range)
	12.5 (4-27)

	Female, n (%)
	105 (46)

	Cerebral Palsy subtype, n (%)
	

	Bilateral spactic
	180 (80)

	Unilateral spactic
	38 (17)

	Dyskinetic
	5 (2)

	Ataxic
	1 (0)

	Non classifiable 
	3 (1)

	GMFCS level, n (%)
	

	I
	33 (14)

	II
	51 (22)

	III
	40 (18)

	IV
	52 (23)

	V
	51 (23)


GMFCS: Gross Motor Function Classification System. 


Table 2 Surgical Features of 227 children with cerebral palsy 
	Variable
	Value

	Total number of surgeries 
	711

	Mean number of surgeries per patient (range) by GMFCS
	

	I
	1.8 (1-9)

	II
	3.2 (1-12)

	III
	3.2 (1-8)

	IV
	3.3 (1-13)

	V
	3.6 (1-11)

	Total number of visits to the surgical theater 
	413

	Mean number of visits to the surgical theater per patient (range)1
	1.8 (1-10)

	Mean number of visits to the surgical theater per patient (range) by GMFCS
	

	I
	1.4 (1-5)

	II
	1.9 (1-6)

	III
	1.7 (1-4)

	IV
	1.8 (1-7)

	V
	2.1 (1-10)

	Number of single event multilevel surgeries2 (% of all visits to the surgical theater)
	140 (34%)

	Number of hip salvage procedures (% of patients)                                                                
	4 (1.7%)

	Number of deep infections (% of all surgeries not including revisions for infections) 
	2 (0.3%)


1A patient may have more than one surgery during one visit to the surgical theater; 2Defined as two or more soft tissue or bony surgical procedures at two or more anatomical levels during one operative procedure. Pelvic osteotomies with proximal femur osteotomy and hip tenotomy were not classified as a single event multi-level surgery. GMFCS: Gross Motor Function Classification System.

Table 3 Number of orthopedic surgeries between 1998 and 2016 and average age and range at surgery in 227 children with cerebral palsy, stratified by Gross Motor Function Classification System
	Type of surgery
	Gross Motor Function Classification System
	Total

	
	I
	II
	III
	IV
	V
	

	
	n (%)
	Years (range)
	n (%)
	Years (range)
	n (%)
	Years (range)
	n (%)
	Years (range)
	n (%)
	Years (range)
	n (%)
	Years (range)

	Spine
	0 
	NA
	1 (1)
	10 (10-10)
	1 (1)
	14 (14-14)
	3 (2)
	11 (11-11)
	5 (3)
	13 (11-15)
	9 (1)
	13 (10-15)

	Upper extremity
	1 (2)
	10 (10-10)
	0 
	NA
	1 (1)
	10 (10-10)
	1 (1)
	12 (12-12)
	0
	NA
	3 (0)
	11 (10-12)

	Pelvic osteotomy1
	2 (3)
	13 (12-12)
	1 (1)
	13 (13-13)
	2 (2)
	7 (6-8)
	7 (4)
	8 (5-13)
	21 (12)
	7 (3-16)
	33 (5)
	8 (3-16)

	Proximal femur osteotomy
	4 (7)
	12 (7-15)
	15 (9)
	10 (5-15)
	14 (11)
	11 (5-16)
	22 (13)
	11 (3-20)
	42 (23)
	8 (1-23)
	98 (14)
	10 (1-23)

	Hip tenotomy
	4 (7)
	7 (4-8)
	22 (13)
	7 (0-14)
	31 (24)
	8 (4-15)
	32 (19)
	8 (3-15)
	46 (24)
	7 (1-16)
	135 (19)
	8 (0-16)

	Distal femur osteotomy
	0 
	NA
	6 (4)
	15 (14-18)
	7 (5)
	13 (12-15)
	18 (11)
	14 (10-20)
	5 (3)
	15 (12-18)
	36 (5)
	15 (10-20)

	Surgery for Patella alta
	0 
	NA
	5 (3)
	16 (13-18)
	2 (1)
	13 (13-13)
	2 (1)
	12 (10-15)
	0 
	NA
	9 (1)
	15 (10-18)

	Hamstring tenotomy
	2 (3)
	11 (7-15)
	22 (13)
	8 (0-15)
	24 (19)
	7 (5-15)
	33 (19)
	8 (4-15)
	21 (12)
	8 (2-16)
	102 (14)
	8 (0-16)

	Osteotomy lower leg
	0 
	NA
	2 (1)
	10 (10-11)
	1 (1)
	19 (19-19)
	1 (1)
	10 (10-10)
	0 
	NA
	4 (1)
	13 (10-19)

	Soft tissue lower leg  
	41 (67)
	8 (4-15)
	65 (39)
	8 (0-16)
	38 (30)
	8 (0-17)
	32 (19)
	9 (4-16)
	14 (8)
	7 (3-12)
	189 (27)
	8 (0 -17)

	Foot
	5 (8)
	10 (7-13)
	13 (8)
	13 (9-17)
	3 (2)
	13 (12-14)
	11 (7)
	13 (9-16)
	8 (4)
	11 (2-18)
	40 (6)
	12 (2-18)

	Other2
	2 (3)
	6 (0-13)
	13 (8)
	14 (7-19)
	6 (5)
	13 (5-21)
	10 (6)
	13 (8-18)
	22 (12)
	10 (2-18)
	53 (8)
	12 (0-21)

	Total
	61 
	9 (0-15)
	165 
	10 (0-19)
	130 
	9 (3-21)
	172 
	10 (3-20)
	183 
	8 (1-23)
	711 
	9 (0-23)


[bookmark: _GoBack]1Associated proximal femur osteotomies are counted separately; 2Implant removal, reoperations due of wound infections, correction of casts. NA: Not applicable. 

Soft-tissue	I	II	III	IV	V	48	115	96	100	82	Bone	I	II	III	IV	V	11	37	28	62	79	Gross Motor Function Classification System

Proportion 



