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Narrative Description Regarding Experience of the C- Leg Prosthesis in a Case of Unilateral above-Knee Amputation
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Abstract

Aim: We present a 26 year-old female who underwent transfemoral amputation (above knee amputation) after a vehicle accident, and obtained different experience after wearing two kinds of prosthesis. 
Background: The benefits of C-Leg include bigger range of motion, more sensitive to obstacles detected by prosthesis, and it adjusts steps automatically on uneven road decreasing the risk of tumbling down. 
Design: The patient wore body-powered prosthesis initially and shifted to a myoelectric prosthesis, C-Leg, later due to experiencing several disadvantages.
Method: In this case report, we listed the advantages of C-Leg compared to conventional prosthesis.
Conclusion: The C-Leg exerts more range of motion, unique sensitivity to detect obstacles, automatic step on uneven road, decreasing the risk of tumbling down, and walking downstairs step over step steadily.
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Introduction

Transfemoral amputation can be caused by trauma or disease. Both trauma and vascular complications are the major contributors to lower limb amputations [1]. Major lower limb amputation is an irreversible behavior that greatly reduces physical ability. It significantly changes body image, family roles, participation in activities, social relations and overall quality of life [2]. As lower limbs amputated, prosthesis was often suggested and prescribed for walking. Conventionally body-powered prosthesis is the only choice under economic consideration in the past decades. However, its function maximally depends on the amputee’s manual control. As technology advances, myoelectric control of the prosthesis has been generated which can control posture and swing phase while walking better stability, even costly. Of them, C-Leg can constantly detect and analyze the amputee’s condition when facing environment obstacles.

The C-Leg was fabricated with a built-in microprocessor in artificial knee in German in 1997, and significantly improved the functional ability and safety of these transfemoral amputees. The goal of prosthesis is aimed at achieving maximally safety and depending on the patient’s expectation and lifestyle. Its greatest strength is helping people achieve independence. From stairs and ramps to varying surfaces, C-Leg system adjusts itself dynamically to various everyday situations. In addition, issues including motivation, comfort, cosmetic appearance, functionality, reliability and degree of energy expenditure during use were all important. In this case report, we compared the advantages/ disadvantages of body-powered prosthesis and the myoelectric prosthesis according to the amputee’s self report.

Case Report

This is a 26-year-old female without any systemic disease. She got injury running over by a car in a vehicle accident on 2020/11/29 while riding motorcycle. She was sent to emergency room of local hospital. Due to disastrous crush in her right lower limb, transfemoral above knee amputation was performed on 2020/11/29. Pelvic fixation was also done for pelvic fracture. After wound healed (Figure 1), she was transferred for rehabilitation training of right stump. She was discharged on 2020/12/26.
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Figure 1: Lower legs of our case. Her right stump shows clean with well shrinkage (cone-shape) in the distal part of the stump.

Strengthening muscle and endurance of right stump was performed at home. Surgical stitches were removed in 2020/02. Initially, she tried body-powered prosthesis, but stumbles and falls occurred several times. The prosthetic fabricating employee suggested trying myoelectric prosthesis with microprocessor in artificial knee for better performance, that is C-Leg (Otto-Bock Healthcare, German, (Figure 2)) which exerts bigger range of motion, more sensitive to obstacles detection, and adjusting steps automatically on rugged ground. In consideration of these advantages, she chose to wear the C-Leg since 2021/03. 
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Figure 2: Front (left panel) and back side (right panel) of the C- Leg.

Mild scoliosis of lumbar spine was observed in plain films while taking off the C-Leg. Her right lower limb was measured 78.8cm (from femoral head to distal tibia) and left lower limb 77.2 cm (from femoral head to distal tibia), respectively, the difference was 1.6 cm (Figure 3). The difference of lower extremities between right amputation side and left intact side is 1.6 cm, with longer in the right side. The reason for the difference was to correct her malposture with uneven shoulders due to her prior lumbar scoliosis and slight elevation of right iliac crest. The diagnosis of the leg length discrepancy was confirmed. She was instructed to stand still on the platform with firm and foam surfaces, hanging her arms down naturally. Each condition was tested twice for 30 s, once with her eyes open and once with eyes closed, and she was allowed to rest for 1-2 min after each test. Analysis of postural sway was performed using a Biodex balance system (Biodex Medical Systems, SD, 950-440, Inc., New York, USA), which was based on a data logger itself to record signal data from a platform by means of test software. Using this system, the sway index was obtained, (Table 1). Clinical narrative description of posture and gait was listed in (Table 2). After adaption with wearing C-Leg, she did not tumble down again with the C-Leg. The drama lessons in videos that gave her confidence and how her artificial knee has helped her to do more than even her ambitious nature ever thought possible [3,4].

	Conditions of Trial
	Sway Index (Myoelectric C-Leg Prosthesis)
	Sway Index (Body-powered Prosthesis)
	Sway Index (One-leg Standing )
	Mean of Sway Index

	Eyes Open Film Surface
	0.35
	0.39
	0.56
	0.44

	Eyes Closed Film Surface
	0.78
	2.61
	2.82
	0.8

	Eyes Open Foam Surface
	0.39
	0.41
	0.92
	0.79

	Eyes Closed Foam Surface
	1.36
	1.54
	2.58
	2.41

	Composite Score
	1.09
	1.24
	2.13
	1.11



Table 1: Sway index of balance testing detected from four challenging conditions and the combination of the four in our case.
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Figure 3: Scanography for length measurement of lower extremities in upright standing. C- Leg is seen in the right side from the triple films, AP projection. Internal fixation with pubic ramus plate and ilio-sacral screws are also seen in order to fix the pelvic fractures.

	 
	Myoelectric Prosthesis (C-Leg)
	Conventional Body-powered Prosthesis

	Gait
	Safe 
	Unsafe

	Posture
	Completely even shoulders while upright standing (even mild scoliosis of lumbar spine)
	Mildly uneven shoulders while upright standing

	Safety in accident
	Reducing the frequency of falls and stumbles
	Falls and stumbles occur if loss of prosthesis control

	Stair climbing
	Step over step while downstairs 
	Step to gait while upstairs and downstairs

	Comfort
	More comfortable
	Less comfortable



Table 2: Narrative description for comparison of practice experience using C- Leg and conventional prosthesis.

Discussion

Narrative description of experience of the C-Leg was the main issue of the case report. The C-Leg exerts more range of motion, unique sensitivity to detect obstacles, automatic step on uneven road, decreasing the risk of tumbling down, and walking downstairs step over step steadily. To our knowledge, this is the first case report in Taiwan presenting the experience of wearing C-Leg.

Absence of knee joint or ankle joint after amputation reduces movement control and stability while standing [5]. We examined the balance of our case standing with C-Leg by BIODEX Balance SD. It disclosed relatively stable in combination of all conditions with C-Leg use, as (Table 2). Gait pattern was affected due to increased variability of trunk and pelvic movement during walking on uneven ground and slope in amputees [6]. The individuals of transfemoral amputees usually stepped up with the intact extremity and then the prosthetic one due to lacking quadriceps like function on the prosthetic knee. The C-Leg could adapt a variety of gait speeds and allow safe descent of slopes and stairs with alternating foot. In going downstairs, C-Leg offers the possibility of eliminating assistive device use and improving step length in the absence of an assistive device. It increases performance of downstairs compared the body- powered knee joint [7]. The C-Leg results in 23% gait speed increase during ramp descent [8]. In addition, it increases mobility [9] and walking speed [10], and improves gait asymmetry [11,12]. C-Leg can reduce the risk of stumbling up to 80% [10]. Previous studies found improvements of health- related quality of life in C-Leg users compared with body- powered knee joints [13-15].

Posture has been demonstrated to be affected in lower-limb amputate with wearing prosthesis or without; therefore, postural sway quantifies a subject’s capacity to uphold center of steadiness. In the past, sway parameters of mean, area, velocity, and intensity were important [16-19]. The sway index is now an objective parameter of postural sway, which endows with a universal assessment of how well an individual may amalgamate various senses in consideration of balance, and reimburse while one or more of those senses are compromised. A high value of sway index indicates a reduction in the one’s ability to sustain upright posture during challenges. The lower the sway index the less unsteady the subject was under balance trials [20]. As shown in (Table 1), our case showed nearly normal sway index with the C-Leg, better than with a conventional prosthesis, and even better than those without wearing prosthesis, indicating the benefits from wearing the C-Leg.

A latest study indicated active transfemoral amputees with prescription of the C-Leg improves locomotor ability (Locomotor Capability Index 5), satisfaction (Quebec User Evaluation of Satisfaction with Assistive Device 2.0) and quality of life (Medical Outcomes Study Short Form 36) after 6 months of wear when compared with prior prosthesis [21]. C-Leg is more suitable for active young amputees, like our case. For older amputees, higher mortality rates and lower utility values reduced the additional benefits and the cost-effectiveness of C-Legs. A recent health economic study reported a negative impact of age on the benefits and cost effectiveness of the C-Leg [14]. With respect to the issue of cost- effectiveness, there was no study in Taiwan discussing C-Leg, so further research exploring the issue should be investigated in the near future.

Conclusion

The C-Leg exerts more range of motion, unique sensitivity to detect obstacles, automatic step on uneven road, decreasing the risk of tumbling down, and walking downstairs step over step steadily. We recommend that the young and active transfemoral above-knee amputee to obtain advantages of the C-Leg including decreasing episodes of falls, ability to walking downstairs step over step, and comfort while wearing.
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