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How do Intermittent Positive Pressure Breathing device improves the recovery of respiratory function after arthrodesis of the spine for adolescent idiopathic scoliosis

± 16,5°. La CVf moyenne (% de la théorique) était de 69,3% à T0, 77,3% à J-1, 49% à S2, 57,1% à S3, 68% à S4, 74,3% à M4. La CVf à J-1 était plus élevée que la CVf à T0 de façon significative (+8%, p<0,05). Les CVf à S2 et à S3 étaient plus basses que la CVf à T0 de façon significative (respectivement -20,3% et -12,2%, p <0,001). Par contre, les CVf à S4 et à M4 ne différaient pas de la CVf à T0 de façon significative (respectivement -1,3% et 4,9%).

ABSTRACT

Introduction

Adolescent idiopathic scoliosis (AIS) leads to a restrictive lung disease, proportional to the severity of the scoliosis. The restrictive lung disease is closely related to functional limitations.

Spinal fusion causes respiratory capacities to diminish up to 40 to 50% in the immediate postoperative period, and recovery occurs between the first and the third post-operative months.

The goal of this study was to analyse the effect of respiratory rehabilitation with an intermittent positive pressure breathing (IPPB) device on the recovery of forced vital capacity (FVC) after spinal fusion in AIS.

Material and methods

This was a pilot prospective and observational study of a standard care protocol. The included patients were adolescents followed at the teaching hospital in Rennes, presenting an AIS with a surgical indication. Excluded patients were presenting secondary scoliosis or anterior and unstable pulmonary disease.

After an assessment 45 days before surgery (T0), patients started using the IPPB device at home. After the surgery, patients underwent the habitual rehabilitation program in a short hospitalization period and kept using the IPPB device. Follow-up spirometries were performed the day before surgery (D-1), and then during the second (W2), the third (W3), the fourth (W4) week of rehabilitation. A last spirometry was performed 4 months (M4) after surgery. The primary judgment criterion was FVC evolution after surgery.

Results

There were 24 patients included (4 boys, 20 girls) between January 2011 and April 2016. The mean Cobb angle was 67.2°± 16.5 °. The mean adjusted FVC (% of predicted value) was 69.3% at T0. The FVC at D-1 was significantly higher than the FVC at T0 (+8%, (p<0.05). The FVC at W2 and W3 were significantly lower than the FVC at T0 (respectively -20.3% and -12.2%, p<0.001). The FVC at W4 and M4 were not significantly different from the FVC at T0 (respectively -1.3% and 4.9%).

With our protocol, in the fourth post-operative week, FVC has already returned to pre-operative value. This study therefore demonstrates that rehabilitation with IPPB device accelerates the recovery of FVC after spinal fusion in AIS. 
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MOTS-CLÉS

INTRODUCTION

Scoliosis is the most frequent abnormality of the spine of child and adolescents. It corresponds to a three dimensional deformation of the spine, leading to a lateral curvature, a vertebral rotation and sagittal anomalies with complex effects on the anatomy of the thoracic cage. It is defined by a clinical rib hump and a vertebral curvature measured with Cobb angle. Idiopathic scoliosis is the most frequent form (85% of scoliosis), with a 0.2 to 6% prevalence in the population [START_REF] Dayer | Idiopathic scoliosis: etiological concepts and hypotheses[END_REF]. Recently, numerous studies tend to prove that there is a multifactorial etiology to this condition, implying different genes and neuroendocrine and biochemical factors such as melatonin and calmodulin [START_REF] Dayer | Idiopathic scoliosis: etiological concepts and hypotheses[END_REF][START_REF] Acaroglu | The metabolic basis of adolescent idiopathic scoliosis: 2011 report of the "metabolic" workgroup of the Fondation Yves Cotrel[END_REF]. Adolescent idiopathic scoliosis (AIS) is more likely to affect girls with a 3:1 sex ratio, this ratio increasing with the severity of the scoliosis [START_REF] Koumbourlis | Scoliosis and the respiratory system[END_REF].

Scoliosis leads to a multifactorial restrictive lung disease, proportional to the severity of the scoliosis. Above 90° of Cobb angle, there is an important risk of cardio-respiratory insufficiency. Indeed, the thoracic cage mechanic is altered and conformational anomalies restraint the normal pulmonary inflation. On the muscular level, a weakness of respiratory muscles, a bad diaphragmatic conformation, and an intercostal muscles affection were found.

Obstructive lung disease can sometimes be found as well [START_REF] Koumbourlis | Scoliosis and the respiratory system[END_REF]. As a consequence, ventilatory parameters are modified with an increased respiratory rate, a diminished total lung capacity (TLC) and a diminished tidal volume (Vt). But the Vt is augmented compared to the vital capacity (VC), which is an expression of the increase of the work of breathing with accessory respiratory muscles recruitment. TLC measure requires a plethysmography, but it is possible to estimate the restrictive lung disease by recording the forced vital capacity (FVC) whose decrease is proportional to TLC [START_REF] Tsiligiannis | Pulmonary function in children with idiopathic scoliosis[END_REF]. A restrictive lung disease detected on the pulmonary function testing (PFT) is associated with a risk of developing functional limitations [START_REF] Mannino | Obstructive and restrictive lung disease and functional limitation: data from the Third National Health and Nutrition Examination[END_REF]. The restrictive lung disease is also frequently associated with dyspnea and effort deconditioning [START_REF] Renzetti | Evaluation of impairment/disability secondary to respiratory disorders[END_REF].

During exercise, the respiratory response of adolescents with AIS is reduced compared to the norm, even in mild scoliosis. In the 6-minute walk test, there is a significant raise of the respiratory rate, of the heart rate, and of the score on Borg dyspnea scale, and a significant reduction of the blood oxygen saturation and the walking distance for AIS patients compared to the control group [START_REF] Dos Santos Alves | Objective assessment of the cardiorespiratory function of adolescents with idiopathic scoliosis through the sixminute walk test[END_REF]. Other authors have demonstrated an impact on maximal exercise tolerance test with a decrease in maximal oxygen uptake (VO2max) and in ventilatory efficiency at maximal exercise (VEmax), in AIS patients even with moderate scoliosis (Cobb angle <45°) [START_REF] Barrios | Significant ventilatory functional restriction in adolescents with mild or moderate scoliosis during maximal exercise tolerance test[END_REF]. Others confirm those results and report a decrease in global muscular capacities (respiratory and limb muscles) [START_REF] Sperandio | Functional aerobic exercise capacity limitation in adolescent idiopathic scoliosis[END_REF][START_REF] Martinez-Llorens | Muscle dysfunction and exercise limitation in adolescent idiopathic scoliosis[END_REF]. In severe scoliosis, the increase of arterial pulmonary pressure could play a role in reducing the exercise capacities.

Spinal fusion is the key surgical treatment of progressive AIS. The arthrodesis effect on respiratory function is not clear yet. Several studies have indeed demonstrated that the different arthrodesis techniques could either ameliorate, deteriorate or stabilize the respiratory function.

On the other hand, it is generally accepted that the respiratory function drops at the immediate post-operative period. Some authors have indeed demonstrated that FVC decreases to 40 to 50% of pre-operative value and that all PFTs diminish by 60% around the third post-operative day, to rise up progressively to 80 to 100% of pre-operative value from the second postoperative month, in every scoliosis and all types of surgeries [START_REF] Yuan | The effect of scoliosis surgery on lung function in the immediate postoperative period[END_REF].

AIS rehabilitation modalities are highly controversial, and the scientific literature does not enable to conclude formally that there is a proof of efficacy. According to the SOSORT (International Society on Scoliosis Orthopaedic and Rehabilitation Treatment) in 2012, physiotherapeutic specific exercises (PSE) are recommended because they seem to limit the worsening of the scoliosis and to improve lung function [START_REF] Weiss | The effect of an exercise program on vital capacity and rib mobility in patients with idiopathic scoliosis[END_REF][START_REF] Negrini | SOSORT guidelines: orthopaedic and rehabilitation treatment of idiopathic scoliosis during growth[END_REF]. More generally, the physical reconditioning training also plays a role in improving respiratory capacity. [START_REF] Dos Santos Alves | Impact of a physical rehabilitation program on the respiratory function of adolescents with idiopathic scoliosis[END_REF] To our knowledge, no study has evaluated the effect of a specific respiratory rehabilitation after spinal fusion for AIS and especially the effect of the use of an Intermittent Positive Pressure Breathing (IPPB) device in this indication. Yet the IPPB (Alpha 200® 300®, Bird®) has proven its efficacy in the prevention and treatment of restrictive lung disease. This device delivers a positive pressure during inspiration, after triggering by the patient, and causes pulmonary hyper insufflation. It increases the pulmonary alveolar recruitment, it reduces the work of breathing, it improves chest wall compliance and thus increases the VC of patients [START_REF] Dohna-Schwake | IPPB-assisted coughing in neuromuscular disorders[END_REF][START_REF] Denehy | The use of positive pressure devices by physiotherapists[END_REF]. Its use is recommended by several scientific societies (AARC, BTS, SEPAR) in the care of neuromuscular diseases and kyphoscoliosis restrictive lung diseases [START_REF] Sorenson | AARC clinical practice guideline. Intermittent positive pressure breathing--2003 revision & update[END_REF][START_REF] Bott | Guidelines for the physiotherapy management of the adult, medical, spontaneously breathing patient[END_REF][START_REF] Farrero | Guidelines for the management of respiratory complications in patients with neuromuscular disease[END_REF].

The aim of this pilot study was to analyze the effect of a specific respiratory rehabilitation with an IPPB device on the recovery of lung function after spinal fusion in AIS. Recovery of lung function was assessed by the speed of the recovery of the preoperative value of FVC and also by the possible increase in the value of FVC after surgery.

MATERIAL AND METHODS

Study population

We conducted a prospective observational study of a standard care protocol from January 2011

to April 2016 within the Pediatric Physical Medicine and Rehabilitation department in Rennes University Hospital. Patients included were children followed at Rennes University Hospital with AIS, whatever the Cobb angle and the topography of scoliosis, for whom there was an indication of spinal fusion, whatever the type of surgery. Patients with secondary scoliosis, or with a pre-existing and unstablized lung disease were excluded.

This study was approved by the Ethics Committee of the University Hospital of Rennes.

Study protocol

The patients included followed the usual rehabilitation protocol set up in the pediatric physical medicine and rehabilitation department. The protocol was as follows: 45 days prior to spinal fusion surgery, the patients had a preoperative assessment (T0) including a complete clinical examination by a physiotherapist and a rehabilitation physician (measurement of height standing and sitting, measurement the hump in degree with a scoliometer, measure of sagittal balance with a plumb line, measure of the deviation in the frontal plane in centimeters), pain VAS (visual analogic scale); an analysis of recent radiographs (total spine standing face and profile: topography of scoliosis, Cobb angle, vertebral rotation, Risser test, measure of pelvic parameters including pelvic incidence, lumbar lordosis and pelvic tilt, and measure of thoracic kyphosis); spirometry measurements with FVC, FEV (forced expiratory volume in one second), FEV/FVC; a 6-minute walk test performed by a sports educator.

An education to the use of the IPPB device (Alpha 200® or 300®) was given by a physiotherapist trained in the use of the device, who adjusted the ventilatory parameters according to each child. The pressure that was found to be effective was the one that lead to a mobilization of upper ribs. The flow rate was the slowest the child could tolerate. Patients were then asked to use the IPPB device twenty minutes a day seven days a week until the date of the surgery. A timer was set up the day of the beginning of rehabilitation to monitor the compliance of each patient.

The secondary criteria were the correlations between the anthropometric parameters of population and the recovery of the FVC, and the evolution of the 6-minute walk test parameters after surgery. The 6-minute walk tests were performed by a sports educator at T0 and M4. The data collected were the distance and walking speed, maximum heart rate during exercise and score in the Borg dyspnea scale.

Statistical analysis

For statistical analysis the parameters measured at different times were compared using parametric paired Student test or non-parametric Wilcoxon signed ranks. The links between FVC (% predicted) at W4 and T0 parameters were sought using univariate linear regression for quantitative parameters, and ANOVA models for qualitative parameters (such analyzes were adjusted on FVC at T0). The links between the effect of surgery on the spinal parameters and improvement in FVC between T0 and W4 and between T0 and M4 (quantitative variables) were sought using Pearson linear correlations (parametric data), or Spearman's rank monotonic correlations (nonparametric data). A repeated measures model was conducted to see if there was an effect of time on the evolution of post-operative FVC. FVC at various times was compared with respect to T0 adjustment with Dunnett.

RESULTS

Population characteristics

Over the period from January 2011 to April 2016, 24 patients met the inclusion criteria of this study. Table 1 summarizes the characteristics of the population. There were 4 boys (16.7%) and 20 girls (83.3%). The mean Cobb angle for the main curve was 67.2 °± 16.5°. The majority of scoliosis were classified Lenke 4 (56.5%), 26.1% were Lenke 3. 58.3% of patients wore a brace full-time or night wear and 79.2% of patients were receiving physiotherapy.

21 patients underwent posterior spinal fusion. There was an average of 10 thoracic vertebrae included in the arthrodesis. The rate of correction of the Cobb angle was 59.5 +/-14.7%. The pelvic incidence was not affected, but the lumbar lordosis and thoracic kyphosis were reduced.

The rate of complications in surgical suites was 33.3% (surgical site infection, CSF leak, pneumothorax ...). 25% of patients required oxygen therapy for a few hours and up to 2 days after the operation. Furthermore, there was no significant change in pain (VAS) one month after surgery. 

Evolution of respiratory parameters

The mean FVC at T0 was 2.3 ± 0.7L (70.8 +/-20.5% of the predicted value). 8 (33%) patients had a FVC <60% of predicted, and 6 (25%) had a FVC between 60% and 80% of predicted.

The mean FEV was 1.9 ± 0.7L (67.5 ± 24.4% of predicted). The results of spirometry are summarized in Table 2. Changes in FVC over time is shown in Figure 1, the values of FVC are given in Table 3. FVC at D-1 was significantly higher than FVC at T0 (+ 8%, p <0.05). FVC at W2 and W3 were significantly lower than FVC at T0 (respectively -20.3% and -12.2%, p <0.001). However, the FVC at W4 and M4 did not significantly differ from FVC at T0 (-1.3% and 4.9% respectively). 

Correlation analysis

We found a negative correlation between the presence of postoperative complications and recovery of FVC at W4 (β coefficient = -12.4, p <0.05) [Appendix 2]. There was a positive correlation between the reduction of thoracic kyphosis after surgery and the recovery of the FVC between W4 and M4 (rp = 0.7000, p = 0.011 where rp is the Pearson correlation coefficient).

We did not find significant correlation between the reduction of the Cobb angle after surgery and the recovery FVC.

DISCUSSION

The study population differs slightly from that of other studies on respiratory function in this pathology. We found a female predominance with a sex ratio of 5: 1 (from 1: 1 to 3: 1 in other studies), a mean pre-operative Cobb angle of 67° while between 50 and 60° in literature [START_REF] Vedantam | A prospective evaluation of pulmonary function in patients with adolescent idiopathic scoliosis relative to the surgical approach used for spinal arthrodesis[END_REF][START_REF] Verma | Maximal pulmonary recovery after spinal fusion for adolescent idiopathic scoliosis: how do anterior approaches compare?[END_REF][START_REF] Pehrsson | Pulmonary function in adolescent idiopathic scoliosis: a 25 year follow up after surgery or start of brace treatment[END_REF][START_REF] Upadhyay | Changes in residual volume relative to vital capacity and total lung capacity after arthrodesis of the spine in patients who have adolescent idiopathic scoliosis[END_REF][START_REF] Kim | Pulmonary function in adolescent idiopathic scoliosis relative to the surgical procedure[END_REF]. These differences can be explained by surgical habits that vary from country to country, and by the fact that the sex ratio increases with the severity of scoliosis and therefore with the Cobb angle.

Preoperative FVC of patients in our study is reduced compared to normal (70.8% of predicted FVC), which is consistent with the literature data relating restrictive lung disease in idiopathic adolescent scoliosis, including moderate scoliosis. In other studies on the subject, preoperative FVC was 67 to 87.7% [START_REF] Vedantam | A prospective evaluation of pulmonary function in patients with adolescent idiopathic scoliosis relative to the surgical approach used for spinal arthrodesis[END_REF][START_REF] Pehrsson | Pulmonary function in adolescent idiopathic scoliosis: a 25 year follow up after surgery or start of brace treatment[END_REF][START_REF] Upadhyay | Changes in residual volume relative to vital capacity and total lung capacity after arthrodesis of the spine in patients who have adolescent idiopathic scoliosis[END_REF][START_REF] Kim | Pulmonary function in adolescent idiopathic scoliosis relative to the surgical procedure[END_REF].

The decrease in FVC is correlated to the decrease in TLC, reflecting the installation of a restrictive lung disease. Some authors have clearly identified the decrease in FVC as a predictive marker of respiratory failure in adult patients with non-operated AIS: having an FVC<45% of predicted value in adolescence is correlated with the installation of respiratory failure after 20 years of evolution [START_REF] Pehrsson | Lung function in adult idiopathic scoliosis: a 20 year follow up[END_REF]. This was partly explained by the natural evolution of the VC, which increases until the end of the growth phase in young adulthood and then gradually decreases with age.

In addition, the restrictive pattern detected on the PFT is associated with a risk of functional limitations (ability to walk more than 1 mile, carry more than 10 pounds, need of help in activities of daily living) [START_REF] Mannino | Obstructive and restrictive lung disease and functional limitation: data from the Third National Health and Nutrition Examination[END_REF]. This restrictive lung disease is commonly associated with dyspnea and effort deconditioning [START_REF] Renzetti | Evaluation of impairment/disability secondary to respiratory disorders[END_REF]. The American Thoracic Society (ATS) has also defined that a "moderate" deterioration of respiratory function characterized by a FVC between 50% and 59% of the predicted value (or a FEV between 41% and 59% of predicted) was sufficient to decrease patients ability to perform normal work. The deterioration is described as "mild" when the FVC or FEV are between 60% and 79% of the predicted values [START_REF] Renzetti | Evaluation of impairment/disability secondary to respiratory disorders[END_REF]. In our study, before surgery, 33% of patients had a moderate deterioration of their respiratory capacities as defined by the ATS, and 25% had a mild deterioration. The management of these alterations in respiratory function is essential in the treatment of the AIS. Indeed, the improvement in FVC and its speed is a major issue in the patient's functional recovery after spinal fusion.

Adequately, our results suggest a beneficial effect of IPPB device in the respiratory rehabilitation of patients with AIS. Indeed, in the immediate postoperative period, the FVC of our patients fall to 75.6% of the preoperative FVC value, while studies on the subject reported a drop of 40 to 50% of the preoperative FVC value [START_REF] Lee | Effect of Surgical Approach on Pulmonary Function in Adolescent Idiopathic Scoliosis Patients: A Systemic Review and Meta-analysis[END_REF].

Our patients also have a recovery of FVC in the post-operative period faster than described in literature (Figure 2). Indeed, a recent meta-analysis shows that in the case of posterior vertebral arthrodesis for AIS, FVC gradually rises to 70% of the predicted value 1 month after surgery, and reaches 100% of the preoperative value 3 months after surgery [START_REF] Vedantam | A prospective evaluation of pulmonary function in patients with adolescent idiopathic scoliosis relative to the surgical approach used for spinal arthrodesis[END_REF][START_REF] Verma | Maximal pulmonary recovery after spinal fusion for adolescent idiopathic scoliosis: how do anterior approaches compare?[END_REF][START_REF] Pehrsson | Pulmonary function in adolescent idiopathic scoliosis: a 25 year follow up after surgery or start of brace treatment[END_REF][START_REF] Lee | Effect of Surgical Approach on Pulmonary Function in Adolescent Idiopathic Scoliosis Patients: A Systemic Review and Meta-analysis[END_REF][START_REF] Kumano | Pulmonary function before and after surgical correction of scoliosis[END_REF]. Whereas in our study, the recovery occurs from the fourth post-operative week: FVC at W4 corresponds to 98.2% of pre-operative FVC (the difference between predicted FVC at T0 and at W4 was 1.3% and was not statistically significant).

In addition, there is a trend towards more rapid improvement in FVC, since 4 months after surgery it corresponds to 108.9% of the preoperative value (not significant), while literature only puts out a progressive increase in FVC compared to preoperative FVC after 1 postoperative year (gain between 6 and 17% of the predicted FVC or 108 to 125% of the preoperative FVC between 1 and 20 years after surgery) [START_REF] Vedantam | A prospective evaluation of pulmonary function in patients with adolescent idiopathic scoliosis relative to the surgical approach used for spinal arthrodesis[END_REF][START_REF] Verma | Maximal pulmonary recovery after spinal fusion for adolescent idiopathic scoliosis: how do anterior approaches compare?[END_REF][START_REF] Pehrsson | Pulmonary function in adolescent idiopathic scoliosis: a 25 year follow up after surgery or start of brace treatment[END_REF][START_REF] Lee | Effect of Surgical Approach on Pulmonary Function in Adolescent Idiopathic Scoliosis Patients: A Systemic Review and Meta-analysis[END_REF][START_REF] Kumano | Pulmonary function before and after surgical correction of scoliosis[END_REF]. These results need to be confirmed by a follow-up of postoperative FVC over a longer period. 
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A decrease in FVC is also associated with the recruitment of accessory respiratory muscles, increased in the effort in these patients often presenting an effort deconditioning [START_REF] Koumbourlis | Scoliosis and the respiratory system[END_REF]. Therefore, one may think that patients in the post-operative catabolism period should, thanks to the IPPB device, improve their FVC recovery speed, which would allow them to recover faster autonomy to moderate effort. For patients in this study, although there was a trend to improved parameters (walking distance, walking speed) in the 6-minute walk test performed 4 months after pulmonary rehabilitation, the latter is not statistically significant. It should be noted that this analysis has a lack of power linked to the low number of subjects who benefited from these assessments.

The conclusions that can be drawn from correlational analysis in our study are limited because of the small size of our population. It was noted that the presence of post-operative complications correlated with poorer recovery of FVC. There was no correlation between the percentage reduction of the Cobb angle and the recovery of the FVC, while studies show that the bigger the Cobb angle was, the lower the FVC was [START_REF] Johnston | Correlation of preoperative deformity magnitude and pulmonary function tests in adolescent idiopathic scoliosis[END_REF]. We did not find a correlation between the percentage of reduction of the thoracic kyphosis and recovery of FVC at W4, but we found a positive correlation between the reduction of kyphosis and recovery of FVC between W4 and M4. This result is not very well explained because literature shows that the lower the thoracic kyphosis is, the lower the FVC is [START_REF] Johnston | Correlation of preoperative deformity magnitude and pulmonary function tests in adolescent idiopathic scoliosis[END_REF].

Pulmonary complications are part of the first causes of morbidity and mortality in the period following the arthrodesis surgery, with an incidence of 0.6 to 1.5% depending on the studies [START_REF] Coe | Complications in spinal fusion for adolescent idiopathic scoliosis in the new millennium[END_REF][START_REF] Reames | Complications in the surgical treatment of 19,360 cases of pediatric scoliosis: a review of the Scoliosis Research Society Morbidity and Mortality database[END_REF]. There is no direct correlation found in literature between pre-operative pulmonary function and the incidence of complications [START_REF] Koumbourlis | Scoliosis and the respiratory system[END_REF]. Moreover, it appears that post-operative oxygen saturation rate is reduced compared to the preoperative value [START_REF] Kinnear | Pulmonary function after spinal surgery for idiopathic scoliosis[END_REF]. We have not found studies reporting the percentage of patients requiring postoperative oxygen therapy. In a doctoral thesis with a comparable population, out of the 13 patients with AIS, 4 (30.7%) required postoperative oxygen [START_REF] Grein | Intérêt de l'étude de la fonction respiratoire au lit du patient dans la chirurgie du rachis chez l'enfant et l'adolescent[END_REF]. Our study was not designed to analyze the links between the preoperative pulmonary rehabilitation and the occurrence of pulmonary complications after surgery. However, although 25% of patients (N = 6) were in need of post-operative oxygen therapy, only one patient had severe pulmonary complications (pneumothorax). Thus, it would be interesting to conduct a study analyzing more specifically this aspect.

Moreover, we noted that beginning the rehabilitation with the IPPB device 45 days before the date of surgery seemed to already increase the FVC (108% of pre-operative FVC, statistically significant result). We could therefore assume that the introduction of the IPPB device may have an interest in other periods of the management of AIS.

This pilot study provides evidence for the first time of the importance of including specific respiratory rehabilitation through IPPB in the management of peri-operative adolescent idiopathic scoliosis.

Thus, this study aiming at investigating the feasibility and interest of such rehabilitation is emerging as a major preliminary study. It opens many research perspectives in order to harmonize practices and develop recommendations for before and after spinal fusion respiratory rehabilitation. Because of its pilot character, it presents bias (small numbers, lack of control group, open-label and single-center). To confirm these results, a randomized controlled multicenter study is needed.

CONCLUSION

Our study shows that pulmonary rehabilitation with Intermittent Positive Pressure Breathing accelerates the recovery of pulmonary vital capacity after spinal fusion in adolescent idiopathic scoliosis. Functional walking capacities also appear to be improved. Finally, the longer term FVC recovery tends to be greater than in the absence of specific pulmonary rehabilitation.

Therefore, rehabilitation with IPPB device must be considered more often in the common care of spinal fusion for AIS patients, as it probably ameliorates patients' functional capacities, and thus their quality of life after surgery. 
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Figure 1 .

 1 Figure 1. FVC evolution versus time. A repeated measures model was performed for each of the two groups to see if there was an effect of time. The pvalues of the models were shown on the graph, they correspond to the comparison with T0. * P <0.05; ** P <0.001

Figure 2 .

 2 Figure 2. FVC evolution versus time in our study compared to literature data
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Table 1 .

 1 Population characteristics

	Variable	Population (n=24)	Difference before and
			after surgery
	Sex		
	Boys	4 (16.7%)	
	Girls	20 (83.3%)	
	Known respiratory pathology		
	No	20 (83.3%)	
	Yes	4 (16.7%)	
	Brace		
	No	10 (41.7%)	
	Yes	14 (58.3%)	
	IPPB		
	No	5 (20.8%)	
	Yes at D-45	19 (79.2%)	
	BMI		
		19.4 ± 4.5	
	Age at scoliosis diagnosis		
		10.4 ± 3.1	
	Lenke classification		
	1	1 ( 4.3%)	
	2	2 ( 8.7%)	
	3	6 (26.1%)	
	4	13 (56.5%)	
	5	1 ( 4.3%)	
	6	0	
	Cobb angle, main curve		
	Before surgery	67.2 ± 16.5	
	After surgery	28.1 ± 13.5	p < 0.0001 (S app)
	Thoracic kyphosis		
	Before surgery	26.7 ± 14.1	
	After surgery	17.4 ± 11.9	p < 0.0001 (S app)
	Lumbar lordosis		
	Before surgery	47.8 ± 11.8	
	After surgery	39.1 ± 8.5	p = 0.0002 (S app)
	Type of arthrodesis		
	Posterior	21 (87.5%)	
	Anterior + posterior	1 ( 4.2%)	
	Halo traction + posterior	1 ( 4.2%)	
	Anterior + posterrior then halo	1 ( 4.2%)	
	traction + posterior		
	Surgery complications		
	No	16 (66.7%)	
	Yes	8 (33.3%)	
	Post-operative oxygenotherapy		
	No	18 (75.0%)	
	Yes	6 (25.0%)	
	Qualitative parameters : Number (%).		
	Quantitative parameters : Mean ± standard deviation	
	Paired Student tests (S app)		

Table 2 .

 2 Values of spirometry according to time

				Time of the study		
		T0	D-1	W2	W3	W4	M4
	FVC in L	2.3 ± 0.7	2.7 ± 0.7	1.8 ± 0.5	2.1 ± 0.6	2.5 ± 0.6	2.7 ± 0.7
	(%pre)	(70.8 ± 20.5)	(77.5 ± 21)	(52.5 ± 15)	(61.8 ± 16.2)	(69.7 ± 18)	(75.9 ± 21.1)
	FEV in L	1.9 ± 0.7	2.4 ± 0.6	1.5 ± 0.5	1.7 ± 0.6	2.1 ± 0.5	2.1 ± 0.8
	(%pre)	(67.5 ± 24.4)	(82 ± 23.2)	(51 ± 17.9)	(57.8 ± 17.1)	(67.8 ± 18.5)	(70.7 ± 26.5)
	FEV/VC	79.5 ± 9.8	88.9 ± 3.4	84 ± 13.4	80.9 ± 12.9	85.2 ± 11.1	77.8 ± 10.7
	Values : Mean +/-Standard deviation				

Table 3 .

 3 FVC evolution versus timeRegarding the 6-minute walk test, only 16 of the 24 patients were evaluable. The average walking speed was 5.2 +/-0.9 km/h at T0 and 5.3 +/-1km/h at M4, the average walked distance was 497 +/-103.2m at T0 and 517.8 +/-112.2m at M4, and the average heart rate was 140 +/-20.4bpm at T0 and 141.8 +/-14.9bpm at M4. The differences were not statistically significant.

				Time of the study	
		T0	D-1	W2	W3	W4	M4
	FVC in %pre	69.3 ± 3.99 77.4 ± 4.3	49 ± 4.1	57.1 ± 4.0	68 ± 3.97	74.3 ± 4.0
	Difference with FVC at		8.0758	-20.3221	-12.2136	-1.3369	4.9218
	T0 (p-value)		(p=0.0426)	(p<.0001)	(p<.0001)	(p=0.9808)	(p=0.2190)
	Values : Adjusted means +/-Standard deviation			
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  Analyse des corrélations entre la récupération de CVf et les paramètres de la population Appendix 2: Correlation analysis between FVC recovery and the population's

	parameters			
	Variable	Number	β	P-value
	Cobb angle, main curve	16	0.03	0.8484
	Cobb angle, secondary curve	13	-0.00	0.9873
	Pelvic incidence	16	0.16	0.3018
	Lumbar lordosis	16	0.16	0.4330
	Thoracic kyphosis	15	0.00	0.9939
	FVC	16	0.76	0.0000
	FEV	15	-0.25	0.3413
	FEV/FVC	15	-0.22	0.3777
	Walking speed	14	1.35	0.6247
	Distance walked	14	0.02	0.4260
	Heart rate	7	0.08	0.6310
	Number of thoracic vertebrae fused	16	0.64	0.7708
	Pain VAS > 0 at T0	16	0.01	0.9982
	Known respiratory pathology	16	3.92	0.5484
	Brace wearing	16	-1.86	0.6771
	Anterior physiotherapy	16	2.49	0.7149
	Post-operative complications	16	-12.4	0.0138
	Post-operative oxygenotherapy	16	-0.22	0.9647
	Quantitative parameters : Linear regressions			
	Qualitative parameters : ANOVA			

6-minute walk test ...................................................................................... II Annexe 2 :

Table 4 .

 4 Correlation analysis between FVC recovery and the population's parameters

Conclusion

Avec notre protocole, à la quatrième semaine post-opératoire la CVf est déjà revenue à la valeur pré-opératoire. Cette étude montre donc que la rééducation par relaxateur de pression accélère la récupération de la CVf après chirurgie d'arthrodèse dans les SIA.

The day before surgery, a new spirometry was performed (D-1) in the same conditions as the previous ones. 8 days after surgery, the children were admitted to the pediatric in-patient rehabilitation service (with return home on weekends) for an average of 3.5 weeks. They all followed the same multidisciplinary rehabilitation program including a medical evaluation, management of pain, physiotherapy (respiratory and global), occupational therapy, psychomotricity, balneotherapy and adapted physical education. Reeducation through IPPB device was continued at the rate of two times twenty minutes a day, every day, including weekends at home. At hospital discharge around day 28 after surgery (week 4, W4), the IPPB rehabilitation was continued if postoperative FVC was less than 80% of predicted FVC and / or in case the recovery of the preoperative FVC was not completed (twenty minutes sessions per day for 3 months). For these patients, the timer was kept at the hospital discharge to check for compliance.

For all patients, a final assessment was performed 4 months after surgery (M4), including a medical and physiotherapeutic assessment, a spirometry and a 6-minute walk test.

Judgment criteria

The primary judgment criterion of the study was the speed of FVC recovery up to preoperative values.

Spirometry was performed with a spirometer Jaeger, LAB 5.0 software, by physiotherapists or trained technicians. To measure FVC, children were instructed to inspire deeply and blow as quickly as possible all the air from their lungs into the spirometer. Three measurements were made under the same conditions in a sitting position and the best of three values were retained.

We also measured FEV and FEV / FVC ratio. In our study, spirometry was performed 45 days before surgery (T0), the day before surgery (D-1), during the second postoperative week (W2), 

: Scoliosis surgical treatment

There is no curative treatment for scoliosis, and the different treatments existing (rehabilitation, orthotics treatment, surgery) aim at preventing it from worsening and at preventing complications (respiratory, functional and esthetical). Spinal fusion is the key surgical treatment of AIS. The surgeon corrects the curvature of the spine and maintains the obtained correction by inducing a vertebral fusion with osteosynthesis devices and bone graft. It is indicated for simple thoracic, thoraco-lumbar or high lumbar AIS with Cobb angle higher than 40-45°, for simple high lumbar AIS with Cobb angle higher than 50-60°, for superior double curvatures AIS with Cobb angle higher than 60-70°, depending on the localization and the intensity of vertebral rotation, and for scoliosis evolving despise the brace treatment. Optimal age for the surgery is around 13 years of bone age for girls and 15 years of bone age for boys, along with appearance of Risser 1 stage, and closing of the Y cartilage [START_REF]Adolescent Idiopathic Scoliosis[END_REF]. It is at this age that the speed of the spine growth slows down, whereas the worsening of the curvature is still important, therefore arthrodesis is no longer risky for residual growth of the spine.

Apport du relaxateur de pression dans la récupération de la fonction respiratoire après chirurgie d'arthrodèse de la scoliose idiopathique de l'adolescent

41 feuilles, 2 figures, 3 tableaux, 2 annexes, 30 cm. Thèse : Médecine ; Rennes 1; 2016 ; N° . 
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