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The purpose of this study was to investigate the physiological adaptations in cardio respiratory endurance with a personalized exercise program with arm-cranking exercise in a paraplegic person (incomplete T12 spinal cord injury). A 32 year-old man with spinal cord injury (T12) participated in the present study performing 30 minutes arm cranking ergometry three times per week, for 12 weeks. Prior, during and after the training intervention, six maximal arm cranking exercise tests were performed on a Monark ergometer with the subject seated in his own wheelchair. Cardio respiratory and metabolic values were recorded during the exercise tests, and blood lactate concentration was measured after each test. A four-minute sub-maximal workload was selected to achieve cardio respiratory steady state, in order to evaluate sub-maximal performance. The peak oxygen uptake improved from 17.7 to 23 ml/min/kg for the arm-cranking test. Peak ventilation and maximal heart rate were higher at the end of the training program. The most impressive observation was a gradual increase during the six exercise tests in peak work rate from 10 to 40 Watt, and in total test time from 433 to 1024 sec. Finally, measurements at sub-maximal performance revealed lower oxygen consumption and decreased heart rate frequencies at the end of training intervention. The findings of this study showed that an individualized training program can motivate spinal cord injured persons to start exercising, and gain advantage from improvements to sub-maximal and maximal performance.

A spinal cord injury disrupts the nervous connections in the spinal cord and results in muscle paralysis, loss of sensation and autonomic dysfunction below the level of injury. In addition, well-known risk factors for cardiovascular diseases such as glucose intolerance, disturbances in lipid profile, alterations in body composition and morphological changes in skeletal muscles are observed in higher proportion in persons with long-term spinal cord injury (Dallmeijer, Hopman & van der Woude, 1997; Hjeltnes, Aksnes, Birkeland, Johansen, Lannegm & Wallberg-Henriksson, 1997). It is most likely that these profound metabolic alterations are related to the extreme physical inactivity, which is in direct consequence of the injury (Dearwater, Laporte, Rubertson, Brenes, Adams & Becker, 1986).
Several authors have emphasized the importance of physical exercise and sport in persons with spinal cord injuries for maintaining or improving adequate physical fitness levels (Glaser, Janssen, Suryaprasad, Gupta & Mathews, 1996; Davis, 1993; Hoffman, 1995; DiCarlo, 1982). Some authors assumed that higher fitness levels lead to improved daily functioning and health status (Noreau & Shephard, 1995; Dallmeijer & van der Woude, 2001). Since the beginning of the Stoke Mandeville era, physical exercise has been considered an important rehabilitation tool for spinal cord injured subjects to improve health and prevent complications (Guttmann, 1979). However, a causal relationship between increased physical endurance capacity and improved health has not been demonstrated for both chronic paraplegic (Nilson, Staff & Pruet, 1975; Knutsson, Lewenhaupt-Olsson & Thorsen, 1973) and tetraplegic subjects (McLean & Skinner, 1995; Gass, 1980).
The interest in a reconditioning training program for the spinal cord injured population has already been demonstrated and can be justified by the following reasons: a) to increase peak oxygen uptake (VO2peak), b) to decrease the problems associated with their locomotion and c) to decrease the risks of medical complications such as urinary and kidney infections and skin breakdown. Due to the heterogeneity of the paraplegic population, the individualization of training program is of great importance. Most studies do not take into consideration the type of spinal cord injury of the participants in a training program (Bougenot, Tordi, Le foll, Parratte, Lonsdorfer & Rouillon, 2003). The development of individualized training programs need research data collection in order to support the benefits of exercise for spinal cord injured persons.
Thus, the main purpose of our study was to investigate the effectiveness of a well individualized and supervised training program on the physical fitness of a spinal cord injured person. The specific purposes of this study were to investigate the improvements: a) on maximal performance and aerobic capacity and b) on sub-maximal cardio respiratory function and energy consumption, during and at the end of the training program.
Method

Subject

In the present study, a 32-year-old right-handed man (body weight, 84 kg; height, 179.5 cm; duration of injury, four years) sustained a displaced T12 incomplete fracture due to an accidental fall. The patient fell down from the third floor of a building while he was working and his body (67 kg; 179.5 cm) stopped over a vehicle. Before the accident the subject was healthy and was not regularly involved in any athletic activity. The planning of an individualized training program, the continuous guidance of the training and the steady examination of his physical condition constituted the motivation in order to start training.

Study design

The study was conducted in the Ergophysiology Laboratory of Aristotle University of Thessaloniki. A mechanically braked arm cranking ergometer was used (Monark - Rehab Trainer 881 E) for the exercise testing as well as the training program work-outs. The main advantage of the arm ergometry was that it provided a readily standardized measure of cardio respiratory performance that can be performed by a person who could not walk but uses better the upper than the lower extremities paraplegics (Shephard, 1990). On a separate day, prior to exercise training, the subject participated in two sessions in order to try the arm cranking exercise (20 minutes each time). On the same day the subject got familiarized with the laboratory environment and the testing procedure. The subject performed two maximal tests (best measurement was used for analysis). During the training program the subject performed a maximal arm cranking test every two and one half weeks and the final measurement after 12 weeks of training. All the measurements carried out by the same examiners. The arm exercise testing and training sessions were performed after the essential medical check that allowed the subject to participate in a maximal exercise test and a vigorous exercise training program. The arm exercise testing and training sessions were performed after the essential medical check that allowed the subject to participate in a maximal exercise test and a vigorous exercise training program.

Procedure 
The weekly training schedule included three work-outs, Monday, Wednesday and Friday. The work outs consisted of both interval and continuous exercise on the arm crank ergometer (first week continuous, second to twelfth week, continuous and interval). The duration of the training program was 12 weeks, with six training sessions between measurements.
Each training session started with a five minute warm-up (arm cranking without resistance at 50 rpm), the initial workload was applied. The cadence for arm cranking was maintained at 50 rpm using a metronome; while the subject could also view the cadence on liquid crystal display. The program continued with gradually increased load. Because of the experimental design, the duration of each training session and work load of the arm cranking ergometer was increased from session to session. The training program started with continuous exercise until third training session for gradual adaptation of the subject to high intensities. Thereafter, each week the subject performed one continuous session and two interval sessions. Examples of continuous and interval training protocols are shown to Table 1. The importance of this study was the individualization of training program, continuously supervision of exercise by the investigator, and controlled laboratory conditions (temperature 20 - 22 °C and humidity 40 - 50 %).

Table 1

Description of training methods and loads during 30 training sessions.

	
	Training loads

	
	Training

session
	Training method
	
	Warm-up
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	Total time

	
	1-3
	Continuous
	%ML
	0
	50
	70
	50
	
	
	
	
	
	
	
	
	

	
	
	
	min
	5
	5
	10
	5
	
	
	
	
	
	
	
	
	25

	Example
	3rd
	Continuous
	Watt
	0
	5
	7
	5
	
	
	
	
	
	
	
	
	

	
	
	
	min
	5
	5
	10
	5
	
	
	
	
	
	
	
	
	25

	
	4-30
	Continuous
	%ML
	0
	50
	70
	50
	
	
	
	
	
	
	
	
	

	
	
	
	min
	5
	5
	20
	5
	
	
	
	
	
	
	
	
	35

	
	
	Interval
	%ML
	0
	50
	80
	30
	80
	30
	90
	30
	90
	30
	90
	30
	

	
	
	
	min
	5
	5
	2
	4
	2
	4
	1
	3
	1
	3
	1
	5
	36

	Example
	29th
	Continuous
	Watt
	0
	17.5
	24.5
	17.5
	
	
	
	
	
	
	
	
	

	
	
	
	min
	5
	5
	20
	5
	
	
	
	
	
	
	
	
	35

	Example
	30th
	Interval
	Watt
	0
	17.5
	28
	10.5
	28
	10.5
	31.5
	10.5
	31.5
	10.5
	31.5
	10.5
	

	
	
	
	min
	5
	5
	2
	4
	2
	4
	1
	3
	1
	3
	1
	5
	36


Testing protocol

The subject performed arm cranking exercise on a mechanically braked arm cranking ergometer while seated in his immobilized wheelchair. The radius of the handles of the arm ergometer was 16 cm. The center of the handles was adjusted at subject’s shoulder height when he was sitting straight. The distance between the seat and the handle was adjusted for the subject so that he could use the whole span of the arm from the shoulder to the palm. This distance was noted at the first visit and the identical set-up was used for each test and for all training sessions. The backrest was almost vertical and a belt held the subject in the seat. After a four minute warm-up (arm cranking without resistance at 50 rpm), the initial workload was applied. A four minute sub-maximal workload (Maltais, Kondo & Bar-Or, 2000) was selected to achieve cardio respiratory steady state (power output of 5 W at 50 rpm). The cadence for arm cranking was maintained at 50 rpm using a metronome; while the subject could also view the cadence within ± 5 rpm of the state cadence. A four-minute, sub-maximal exercise stage had previously been used in paraplegic subjects to achieve cardio respiratory steady state without provoking undue fatigue (Unnithan, Kenne, Logan, Collier & Turk, 2006). After the initial load of 5 W for the first four min, the workload was increased at a rate of 5 W every two minutes until the subject could no longer keep pace with the metronome. The room temperature was controlled at within the range from 20 - 22 °C and the humidity was 40 - 50 %.

Measurements

Oxygen consumption (VO2), heart rate (HR), ventilation (VE) and respiratory exchange ratio (RER) were measured continuously with an open circuit spirometry system (Jager, Oxycon Pro, Wurzburg, Germany) throughout the arm cranking exercise. Concentration of gas and volume were calibrated before every test. VO2, HR, VE and RER were recorded every 20 sec during the arm cranking exercise test.

The main criterion for the attainment of VO2max was considered a plateau in oxygen consumption (VO2plateau) at the end of the test. Secondary criteria for attainment of VO2max included: (a) HR values within ten beats/minute of the age-predicted maximum and (b) RER greater than 1.1. In the absence of the main or secondary criteria the point of maximal exertion was termed as VO2peak (Mc Connell, 1988). 

Results

Maximal exercise

Results of maximal cardio respiratory response are shown in Figure 1. VO2peak increased in our subject from the first test to the fifth test (17.7 and 23 ml/min/kg at Test 1 and Test 5 respectively). There was a gradual increase in heart rate from the first to the sixth test up to 18% (from 145 to 171 beat/min). Greater increase was observed in ventilation during maximal exercise in our paraplegic subject (61 and 106 l/min at Test 1 and Test 5 respectively). The improvement of ventilation was up to 73.8 % (Figure 1). At fifth test, the paraplegic subject reached a maximal lactate concentration of 12.6 mmol/l, while the value for the first test was 8.9 mmol/l (Figure 3).
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Figure 1.

VO2peak (ml/kg/min and l/min), HRpeak (beats/min) and VEpeak (l/min) during arm cranking maximal performance in paraplegic subject, tested before (1) and during (2-6) the training period.
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Figure 2.

Maximal work load (Watt) and total time (sec) during arm cranking maximal performance in paraplegic subject, tested before (1) and during (2-6) the training period.


Total test time increased up to 236.5 % (433 to 1024 sec) and maximal work load up to 300 % (10 to 40 W), from the initial values (first test) to the end of the program (sixth test). Total test time was increasing continuously from the first to the last measurement (433, 677, 729, 876, 964 and 1024 sec for T1, T2, T3, T4, T5 and T6 respectively). Also, maximal work load was increasing from the first to the sixth measurement (10, 20, 25, 30, 35 and 40 W for T1, T2, T3, T4, T5 and T6 respectively) (Figure 2).
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Figure 3.

Maximal blood lactate concentration (mmol/l) during arm cranking maximal performance in paraplegic subject, tested before (1) and during (2-6) the training period.

Sub-maximal exercise

The paraplegic subject was able to perform a four-minutes sub-maximal bout of exercise (five Watts) at the beginning of exercise protocol in all six tests. During four minute’s cardiorespiratory steady state, the oxygen uptake, ventilation, heart rate and respiratory exchange ratio gradually decreased from T1 to T6 (Table 2).

Table 2

Cardiorespiratory and metabolic parameters during submaximal arm ergometry in paraplegic subject. The subject was tested six times during the training period (Test 1, T 2, T 3, T 4, T 5 and T 6, respectively).

	
	Test 1
	Test 2
	Test 3
	Test 4
	Test 5
	Test 6

	VO2 (ml/min/kg)
	13.4
	13.3
	13.4
	13.0
	13.3
	12.8

	VO2 (L/min)
	1.13
	1.12
	1.12
	1.09
	1.07
	1.04

	VE (L/min)
	39
	38
	37
	36
	37
	34

	HR (b/min)
	131
	123
	122
	120
	114
	107

	Lactate (mmol/L)
	1.02
	0.98
	0.94
	0.90
	0.96
	0.92


Discussion

Persons with spinal cord injury have a reduced physical capacity because of muscle weakness, loss of autonomic control below the level of injury, reduced activity and subsequent changes in metabolic and vascular function (Haisma, van der Woude, Stam, Bergen, Sluis & Bussmann, 2006). Exercise rehabilitation has been shown to be an effective method of attenuating or reversing chronic disease in persons with spinal cord injury. Similar to the general able-bodied population (Warbburton, Nicol & Bredin, 2006), habitual physical activity (beyond activities of daily living) of spinal cord injured persons can lead to numerous health benefits that significantly reduce the risk for multiple chronic conditions and premature mortality. The adoption of an active life way and the integration of physical activity during rehabilitation phase can help to avoid these conditions (Warburton et al., 2006). Furthermore, exercise can improve the existing physical abilities such as cardio respiratory function and muscular strength (Noreau, Shephard, Simard, Pare & Pomerleau, 1993; Hjeltnes & Wallberg-Henriksson, 1998; Le Foll-de Moro, Tordi, Lonsdorfer & Lonsdorfer, 2005; Tordi, Dugue, Klupzinski, Rasseneur, Rouillon & Lonsdorfer, 2001).
Physical capacity can be described as the performance of cardiovascular, muscular and respiratory system (Stewart, Melton-Rogers, Morrison, & Figoni, 2000). Good cardio respiratory of persons with spinal cord injury is needed in order to avoid any complications. The most important target of rehabilitation programs is the improvement of cardio respiratory function (Eng, Teasell, Miller, Wolfe, Townson, Aubut et al., 2006). Therefore, it is necessary the addition of exercise to rehabilitation programs in order to improve cardiorespiratory health that leads to a better quality of life in this population. 

The effect of exercise in rehabilitation phase could be different between individuals in heterogenic populations with differences in classification of disease (Bhambhani, 2002; Yamasaki, Komuro, Tahana, Muraki, Tsunamake & Ehana, 1998). The development of cardio respiratory fitness with arm cranking in rehabilitation phase have been shown to be very useful for the achievement of significant functional adaptations in spinal cord injured persons and also seems to be extremely critical during the early phase of training (Rimmer, 1994).
This study examined the effect of an individualized training program single subject design in cardio respiratory capacity of a spinal cord injured person after immobilization. The results of our study show that arm cranking exercise led in significant biological adaptations of cardio respiratory and metabolic parameters. Increasing percentages of biological parameters agree with the literature (Hjeltnes & Wallberg-Henriksson, 1998; Zoeller, Riechman, Dadayebeh, Goss, Robertson & Jacobs, 2005; Le Foll-de Moro et al., 2005; Tordi et al., 2001; El-Sayed, Younesian, Rahmna, Ismail & El-Sayed, 2004), confirming the effectiveness of training program.

In this study the increase of VO2peak up to 22.6% in relative values (ml/min/kg), between the first and the last measurement, indicated a considerable improvement in aerobic capacity that was in accordance with literature, where shown percentages ranged between 20 - 30 % (Hjeltnes & Wallberg-Henriksson, 1998; Davis, Plyley & Sherphard, 1991; Davis, Sherphard & Leenen, 1987). Values of VO2peak that measured after the training program were similar with the values of wheelchair athletes (Yamasaki et al., 1998) and a little greater from hospitalized spinal cord injured persons (Le Foll-de Moro et al., 2005). With regard to the absolute value of VO2peak (l/min) the scene was similar. Moreover, initial values of VE, as well as the magnitude of the adaptation that observed in VE after the training period, were in accordance with other studies (Yamasaki et al., 1998; Le Foll-de Moro et al., 2005; Tordi et al., 2001; Dallmeijer, Zentgraaff, Zijp & van der Woude, 2004; El-Sayed et al., 2004).
The most pronounced observation after arm crank training was the improvement in cardio respiratory endurance. Total time of arm-cranking exercise increased up to 136.5 %, and maximal work load up to 300 %. These impressive improvements to the total time and maximal work load did not keep up with the percentages of VO2peak. Endurance is affected only by the improved of aerobic capacity, but also from other factors such as decreased sub-maximal energy cost and increased strength. The person of our study had appeared reduction with regard to the energy consumption during sub-maximal work load (5 Watt). Comparisons between studies were difficult conclude due to, the total time of arm-cranking exercise, and differences among the exercise protocols (Bhambhani, 2002). Nevertheless, Mossberg et al (1999) showed a total time of 1356 ±114 sec during the exercise protocol.

This study was conducted on only one spinal cord injured individual. However, this gave the opportunity to apply a very well supervised personal training program. Thus, the person of our study appeared splendidly motivated and seemed to put his best efforts into testing and training period. We deeply thank the paraplegic subject for the enthusiastic and regular participation.

Conclusions

The findings of this study showed that an individualized and well supervised training program could motivate spinal cord injured persons to collaborate with sports scientists and start exercising. Moreover, the results showed that the application of this program could considerably improve: a) The cardio respiratory capacity and maximal performance of spinal cord injured persons and b) The sub-maximal performance with lower oxygen consumption and decreased heart rate frequencies, during arm-crank exercise. This was of great importance for individuals with spinal cord injury, who rely on their locomotion upon their upper extremities’ muscular work. 
References

Bhambhani Y. (2002). Physiology of wheelchair racing in athletes with spinal cord injury. Sport Medicine, 32, 23-51.

Bougenot MP, Tordi N, Le Foll D, Parratte B, Lonsdorfer J, Rouillon JD. (2003). Reconditioning programs for spinal cord-injured persons: a brief review and recommendations. Science and Sports, 18, 175-181.

Dallmeijer AJ, Hopman MT, van der Woude LH. (1997). Lipid, lipoprotein, and apolipoprotein profiles in active and sedentary men with tetraplegia. Archives of Physical Medicine and Rehabilitation, 78, 1173-1176.

Dallmeijer AJ, van der Woude LHV. (2001). Health related functional status in men with spinal cord injury: relationship with lesion level and endurance capacity. Spinal Cord, 39, 577-583.

Dallmeijer AJ, Zentgraaff IDB, Zijp NI, van der Woude LHV. (2004). Submaximal physical strain and peak performance in handcycling versus handrim wheelchair propulsion. Spinal Cord, 42, 91-98.

Davis GM, Plyley MJ, Sherphard RJ. (1991). Gains of cardiorespiratory fitness with arm-crank training in spinally disabled men. Canadian Journal of Sport Science, 16, 64-72.

Davis GM, Sherphard RJ, Leenen FH. (1987). Cardiac effects of short term arm crank training in paraplegics: echocardiographic evidence. European Journal of Applied Physiology and Occupational Physiology, 56, 90-96.

Davis GM. (1993). Exercise capacity of individuals with paraplegia. Medicine and Science in Sports and Exercise, 25, 423-432.

Dearwater SR, Laporte RE, Robertson RJ, Brenes G, Adams LL, Becker D. (1986). Activity in the spinal cord-injured patient: an epidemiologic analysis of metabolic parameters. Medicine and Science in Sports and Exercise, 18, 541-544.

DiCarlo S. (1982). Improved cardiopulmonary status after a two-month program of graded arm exercise in a patient with C6 quadriplegia. Physical Therapy, 62, 456-459.

El-Sayed MS, Younesian A, Rahman K, Ismail FM, El-Sayeed Ali Z. (2004). The effects of arm cranking exercise and training platelet aggregation in male spinal cord individuals. Thrombosis Research, 113, 129-136.

Eng JJ, Teasell R, Miller WC, Wolfe D, Townson AF, Aubut J, et al. (2006). Spinal cord injury rehabilitation evidence. In: Kristin Konnyu (ed). Cardiovascular health and exercise following spinal cord injury. Vancouver, (pp. 1-28).

Gass GC. (1980). The effects of physical training on high level spinal lesions patients. Scandinavian Journal of Rehabilitation Medicine, 12, 61-65.

Glaser RM, Janssen TWJ, Suryaprasad AG, Gupta SC, Mathews T. (1996). The physiology of exercise. In: Apple DF (eds). Physical fitness: A guide for individuals with spinal cord injury. Washington DC: Department of Veterans Affairs, (pp. 3-23).

Guttmann L. (1979). New hope for spinal cord sufferers. Paraplegia, 17, 6-15.

Haisma J, van der Woude L, Stam H, Bergen M, Sluis T, Bussmann J. (2006). Physical capacity in wheelchair-dependent persons with a spinal cord injury: a critical review of the literature. Spinal Cord, 44, 642-652.

Hjeltnes N, Aksnes A, Birkeland KI, Johansen J, Lannem A, Wallberg-Henriksson H. (1997). Improved body composition after 8 wk of electrically stimulated leg cycling in tetraplegic patients. American Journal of Physiology, 273, 1072-1079.

Hjeltnes N, Wallberg-Henriksson H. (1998). Improved work capacity but unchanged peak oxygen uptake during primary rehabilitation in tetraplegic patients. Spinal Cord, 36, 691-698.

Hoffman MD. (1995). Cardiorespiratory fitness and training in quadriplegics and paraplegics. Sports and Medicine, 20, 226-250.Knutsson E, Lewenhaupt-Olsson E, Thorsen M. (1973). Physical work capacity and physical conditioning in paraplegic patients. Paraplegia, 11, 205-216.

Le Foll-de Moro D, Tordi N, Lonsdorfer E, Lonsdorfer J. (2005). Ventilation efficiency and pulmonary function after a wheelchair interval-training program in subjects with recent spinal cord injury. Archives of Physical Medicine and Rehabilitation, 86, 1582-1586.

Maltais D, Kondo I, Bar-Or O. (2000). Arm cranking economy in spastic cerebral palsy: effects of different speed and force combinations yielding the same mechanical power. Pediatric Exercise Science, 12, 258-269.

McConnell RT. (1988). Practical considerations in the testing of VO2max in runners. Sport Medicine, 5, 57-68.

McLean KP, Skinner JS. (1995). Effect of body training position on outcomes of an aerobic training study on individuals with quadriplegia. Archives of Physical Medicine and Rehabilitation, 76, 139-150.

Mossberg K, William C, Topor MA, Crook H, Patak S. (1999). Comparison of asynchronous versus synchronous arm crank ergometry. Spinal Cord, 37, 569-574.

Nilsson S, Staff PH, Pruett EDR. (1975). Physical work capacity and the effect of training on subjects with long-standing paraplegia. Scandinavian Journal of Rehabilitation Medicine, 7, 51-56.

Noreau L, Shephard R, Simard C, Pare G, Pomerleau P. (1993). Relationship of impairment and functional ability to habitual activity and fitness following spinal cord injury. International Journal of Rehabilitation Research, 16, 265-275.

Noreau L, Shephard RJ. (1995). Spinal cord injury, exercise and quality of life. Sports and Medicine, 20, 226-250.

Rimmer JH. (1994). Fitness and rehabilitation programs for special populations. In: Brown & Benchmark (ed). Spinal cord injury. Dubuqu, (pp. 206-246).

Shephard RJ. (1990). Fitness in special populations. Campaign. IL: Human Kinetics.

Stewart MW, Melton-Rogers SL, Morrison S, Figoni SF. (2000). The measurement properties of fitness measures and health status of persons with spinal cord injuries. Archives of Physical Medicine and Rehabilitation,81, 394-400.

Tordi N, Dugue B, Klupzinski D, Rasseneur L, Rouillon JD, Lonsdorfer J. (2001). Interval training program on a wheelchair ergometer for paraplegic subjects. Spinal Cord, 39, 532-537.

Unnithan VB, Kenne EM, Logan L, Collier S, Turk M. (2006). The effect of partial body weight support on the oxygen cost of walking in children and adolescents with spastic cerebral palsy. Pediatric Exercise Science, 17, 11-21.

Warburton DE, Nicol CW, Bredin SS. (2006). Health benefits of physical activity: the evidence. Canadian Medical Association Journal, 174, 801-809.
Yamasaki M, Komura T, Tahara Y, Muraki S, Tsunamake N, Ehara Y et al. (1998). Relationship between physical characteristics and physical responses during maximal arm cranking in paraplegics. Spinal Cord, 36, 579-583.
Zoeller R, Riechman S, Dadayebeh I, Goss F, Robertson R, Jacobs P. (2005). Relation between muscular strength and cardiorespiratory fitness in people with thoracic-level paraplegia. Archives of Physical Medicine and Rehabilitation, 86, 1441-1446.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































24
77

_1314425415.bin

_1314425416.bin

_1314425414.bin

