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| Abstract |

Purpose: This study verifies the muscle activity around the amputation site during proprioceptive neuromuscular facilitation
(PNF) pattern exercise for the upper extremities on the non-amputated part in upper extremity amputees and provides basic data
on effective exercise around an amputation site.

Methods: Manual resistance was applied to the PNF upper extremity pattern of the non-amputated part to generate muscle
activity around the amputation site. The resistance was adjusted to an intensity that could cause maximal isometric contraction.
The muscle activity of the amputation site and the non-amputated part was measured using a surface electromyogram for the upper
trapezius, middle trapezius, infraspinatus, serratus anterior, and pectoralis major.

Results: During the scapular exercise in the painless range, the amputated side showed significantly lower muscle activity and
alower muscle contraction ratio compared with the non-amputated side. During the PNF pattern exercise in the painless range,

the amputated side showed lower muscle activity and a lower muscle contraction ratio compared with the non-amputated side.
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‘When the direct scapular exercise of the amputated side was compared with the PNF pattern exercise of the non-amputated side,

their muscle contraction ratios were similar.

Conclusion: This study confirmed the effectiveness of the PNF pattern exercise of the non-amputated part as a way to indirectly

train the injured site with no pain for rehabilitation of patients with serious body injuries, such as amputation. It is necessary to

develop effective exercise programs for the rehabilitation of the amputation site based on the results of this study.
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At 5 7 FAAS 1Re® AAsl 550l fl= HelolA PNF sfd Ae5S sh=
St S0 vlel AtSo] W 5 BYEE YEt
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Table 1. Muscle activities according to scapular exercise (unit: V)
Muscle Side Elevation Protraction Retraction
) non-AS 355.46 118.37 394.50
Upper trapezius
AS 80.09 33.88 89.92
. ) non-AS 23.03 30.92 107.72
Middle trapezius
AS 32.27 11.60 51.55
. non-AS 64.38 60.07 143.07
Infraspinatus
AS 9.50 7.00 9.79
. non-AS 104.84 237.67 19.33
Serratus anterior
AS 3.57 2.47 3.69
) . non-AS 90.27 293.07 106.80
Pectoralis major
AS 7.37 7.23 8.23
Note. non-AS: non-amputation side, AS: amputation side
Table 2. Ratio of muscle activities according to scapular exercise (unit: %)
Muscle Elevation Protraction Retraction
Upper trapezius 22.53 28.62 22.79
Middle trapezius 140.12 37.52 47.86
Infraspinatus 14.75 11.65 6.84
Serratus anterior 341 1.04 19.09
Pectoralis major 8.16 2.47 7.71

Note. %=amputation side/non-amputation side *100
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Table 3. Muscle activities according to PNF pattern for upper extremity (unit: mV)
Muscle side Ex. 1 Ex. 2 Ex. 3 Ex. 4
. non-AS 122.66 337.13 413.88 136.36
Upper trapezius
AS 29.41 34.18 65.07 20.70
non-AS 115.81 80.70 184.72 38.46
Middle trapezius
AS 33.14 31.20 31.50 25.16
non-AS 152.58 64.61 152.57 42.13
Infraspinatus
AS 7.56 7.71 9.38 6.04
) non-AS 31.11 178.12 274.62 124.67
Serratus anterior
AS 2.29 12.86 15.86 7.81
. . non-AS 31.91 30.62 16.86 14.55
Pectoralis major
AS 7.30 6.96 5.80 7.25

Note. Ex. 1: extension abduction internal rotation pattern, Ex. 2: extension adduction internal rotation pattern, Ex. 3: flexion
abduction external rotation pattern, Ex. 4: flexion adduction external rotation pattern

Table 4. Ratio of muscle activities according to PNF pattern for upper extremity (unit: %)
Muscle Ex. 1 Ex. 2 Ex. 3 Ex. 4
Upper trapezius 23.98 10.14 15.72 15.18
Middle trapezius 28.62 38.66 17.05 65.41
Infraspinatus 4.95 11.94 6.15 14.34
Serratus anterior 7.37 7.22 5.78 6.26
Pectoralis major 22.88 22.72 34.37 49.86
Note. %=amputation side/non-amputation side *100
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