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Abstract

:

There is limited evidence comparing the effects of manual and instrumented-assisted manipulations among adults with neck pain. Our purpose was to determine the effects of a multisession regime of manual and instrument-assisted cervical manipulation on pain, disability, perception of change, and muscle properties in subjects with nonspecific neck pain. We conducted a double-blind, randomized, placebo-controlled study in 32 subjects with nonspecific neck pain. Two groups received three sessions of cervical (C3/C4) manipulation, one group manual and the other instrument-assisted, a third group received three sessions of sham manipulation, and a fourth group served as a control. Self-reported pain, pressure pain thresholds, neck disability, patient perception of change, and properties (tonus, stiffness, and elasticity) of the upper trapezius and biceps brachii were assessed at baseline, immediately after the first session and 15 days after the end of the intervention. After the end of the intervention, the percentage of changes in the visual analogue scale score, Neck Disability Index, and Patient Global Perception of Change score were significantly higher in the manual group in comparison with the other groups (p < 0.05). No between-group differences were observed in the percentage of changes in tonus, stiffness, and elasticity of the four muscles at the end of the intervention. We concluded that three sessions of C3/C4 manual manipulation improved pain and disability in subjects with nonspecific neck pain.
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1. Introduction


Nonspecific neck pain, typically localized in the posterior neck between the superior nuchal line and the spinous process of the first thoracic vertebra [1], is the condition with the fourth highest degree of disability [2]. According to the Global Burden of Disease Study, low back and neck pain were the second leading causes of years lived with disability for young adults aged 20–24 years [3]. Based on its cost-effectiveness and clinical results when combined with home exercise and counselling, compared with traditional approaches [4] and certain medications (analgesics and non-steroidal anti-inflammatory drugs) [5], guidelines recommend spinal manipulation for neck pain [6].



Spinal manipulation can be defined as a thrust of high velocity and low amplitude delivered to the spine using a specific contact in order to provide mobility to a joint [7], and has been shown to improve patient self-reported pain and disability at short and long-term levels in subjects with acute and subacute neck pain [8]. Moreover, patient satisfaction seems to be higher in those receiving spinal manipulation as part of their treatment [9], possibly due to the short-term analgesic effects of a single manipulation [10,11]. Spinal manipulation increases pressure pain thresholds at the site of manipulation [12,13], and maybe also at sites not related to the site of manipulation [12]. A widespread effect and one observed at sites not related to the level of manipulation raises the question of whether spinal manipulation should be applied at a specific level, or could be applied at a non-specific spinal level, without a previous clinical examination of motion restriction [14].



Spinal manipulation can be performed manually or instrument-assisted. While some studies showed better short-term results in self-reported disability and pain with manual manipulation [15], others found no differences between these two interventions [16]. However, the available studies in the literature refer to short-term results, and little is known on middle-term effects. Hence, this study aims to assess the short and medium-term effects of a pre-selected spinal level manual and instrument-assisted cervical manipulation on pain, neck disability, patient perception of change, and myotonometer parameters (tonus, stiffness, and elasticity) in subjects with nonspecific neck pain. By assessing regions related and not related to the level manipulated, this study aims also to determine whether the effects of manipulation are region-specific or widespread.




2. Materials and Methods


2.1. Study Design, Randomization, and Implementation


A double-blind, randomized controlled study with two intervention groups (manual or instrument-assisted manipulation), one control group, and one placebo group was conducted. Subjects were randomized (block randomization, 1:1:1:1) using the software Randomizer (www.randomizer.org). The intervention groups received one manipulation per week for three weeks. All participants and examiners were blinded to the treatment group, with the exception of the physical therapist that applied the manipulation. Participants were evaluated at baseline, immediately after the first session, and 15 days after the end of the intervention. The first session took about 1 h for each subject, as they were evaluated pre- and post-intervention.




2.2. Participants


Fifty-four subjects were assessed for eligibility, and 33 met the inclusion criteria and volunteered to participate in the study (Figure 1). The sample was composed of subjects with nonspecific neck pain, with a minimum of 18 years of age, and current neck pain of 2 to 12 weeks duration [8]. Exclusion criteria: history of surgery or neck trauma, current use of anticoagulant therapy, osteoporosis, cancer, fibromyalgia, visual disturbances, dizziness, and/or vertigo; received manipulative therapy in the last year; pregnancy; intake of analgesic, muscle relaxant or anti-inflammatory drugs in the last week; or any other contra-indication to spinal manipulation [17]. Subjects were asked to refrain from seeking additional treatment for neck pain during the study (including pharmacological treatment). Subjects were not paid for participation, all provided written informed consent, and all procedures were conducted according to the Declaration of Helsinki. The study was approved by the Ethics Committee of Porto Health School (ref. No. 1416/2014).




2.3. Outcome Measures


2.3.1. Neck Disability


Disability was assessed at baseline and 15 days after the end of the intervention using the Neck Disability Index [18]. This index contains 7 items related to activities of daily living, 2 related to pain, and 1 related to concentration [19,20,21]. Each item is scored from 0 to 5, and the total score is 50, with higher scores corresponding to greater disability. This instrument presents good reliability (ICC = 0.95; 95% CI = 0.924–0.968); the minimal clinically important difference was identified at 5.5 points [18,22].




2.3.2. Patient’s Impression of Change


Impression of change was assessed 15 days after the end of the intervention with the Patient Global Impression of Change Scale. This instrument consists of a self-evaluation by the patient of his or her overall change since the beginning of the treatment rated on a seven-point scale (1—no change to 7—very much improved).




2.3.3. Muscle Mechanical Properties—Tone, Elasticity, and Stiffness


Before and after the first session, and 15 days after the end of the intervention, the muscle mechanical properties—tone, elasticity, and stiffness—of both the upper trapezius and biceps brachialis were measured with a handheld mechanical impulse-based myotonometric device (MyotonPro, Myoton AS, Tallinn, Estonia). These muscles were chosen to assess regions with (upper trapezius) and without (biceps brachialis) metameric relation to the cervical level manipulated. This device provides measures of (i) muscle tone in resting state, which is indicated by the oscillation frequency (Hz); (ii) elasticity, which represents the capacity to recover the muscle shape after a contraction, indicated by the logarithmic decrement (D log) of a muscle’s natural oscillation; and (iii) stiffness (N/m), i.e., the muscle resistance to changes in muscle shape. The subjects were positioned in a sitting position on a chair, with both forearms supported by a pillow, relaxed, and in supination, with the elbows in a flexed position (90 degrees). To standardize the neck position for all the assessments, the subjects were asked to focus their visual attention at eye level on a fixed mark on the wall located two meters away [23]. For the biceps, the measurement was made at the mid-way point between the anterior aspect of the lateral tip of the acromion and the medial border of the cubital fossa [24]. For the trapezius, the measurement point was the middle of the upper trapezius muscle belly, halfway from the acromion to the 7th cervical spinal process [25]. Three consecutive measurements on both sides, in multi-scan mode comprising 10 mechanical taps one second apart, were performed and the average of tone, elasticity, and stiffness was taken for analysis. This device has proven to be valid and reliable in the assessment of the upper trapezius [25] and biceps brachii muscles [26]. All muscle mechanical parameters were collected by the same operator.




2.3.4. Pain


Pain was assessed at baseline, immediately after the first session, and 15 days after the end of the intervention. Pain intensity was assessed using the visual analogue scale (VAS, 0–10 cm). The subjects were asked to rate their pain intensity at the moment by placing a mark on the scale. This scale presents a minimal clinically important difference of 0.8 cm in subjects with nonspecific neck pain [27].



Pressure pain threshold was measured using an algometer (Force One FDIX, Wagner Instruments, Greenwich, CT, USA) by well-trained examiners in 3 trials. Trained observers can apply an algometer at a consistent rate and provide highly reliable measures in healthy humans [ICC = 0.91 (95%CI, 0.82, 0.97)] [28]. The subjects were positioned in the same position as for the myotonometer assessments [23]. In the first session, the subjects received three ‘practice’ measurements on the dorsal aspect of their hand before testing began, to guarantee that all subjects understand the evaluation [29]. Before the procedure, subjects were asked to notify the examiner the moment the sensation of pressure changed to pain. Then, the instrument was placed over the assessment point, with an angle of 90°, using a 1 cm2 tip and then the pressure was increased at a rate of 1 kg/cm2 per second until the subject referred to the beginning of the sensation of pain (i.e., the subject reported to the examiner that the sensation of pressure changed to pain). The test was then stopped, and the results were recorded.



Pressure pain perception at a given pressure was quantified using the visual analogue scale. The procedures and the assessment points were the same as for the pressure pain threshold, but the pressure was increased to 2.5 kg/cm and then maintained for 5 s. After 5 s, the subject classified the level of pain using the VAS [30]. Both procedures were performed 3 times and included a 30 s rest period between tests. The average of the 3 tests was taken for analysis.





2.4. Interventions


Each subject received three sessions in three weeks, which was similar to other studies showing positive results with a small number of sessions [31,32]. The procedures were applied over C3/C4 spinal level, and not over the segment where some dysfunction or restriction could be found. We chose to apply spinal manipulation over C3/4 in all subjects so we could access upper trapezius and biceps brachialis reaction bilaterally in all subjects. We assumed that there is a metameric relation from C3/4 with the upper trapezius and not with the biceps, and we sought to understand if the effects of spinal manipulation would be metameric-related or widespread. We also aimed to understand if the application of spinal manipulation without an assessment of possible hypomobility in a specific vertebral segment would be able to produce beneficial effects in terms of pain and disability.



2.4.1. Manual Manipulation


The subjects were positioned supine with the cervical spine in a neutral position. The physical therapist used manual palpatory procedures to identify C3, as recommended [33]. The index finger of the therapist contacted over the posterolateral aspect of the zygapophyseal joint of the right side of the C3 vertebra. The subject’s head was supported by the other hand of the physical therapist. Slight ipsilateral side flexion and contralateral rotation were introduced until the tension was perceived in the tissues at the contact point. A high-velocity, low-amplitude thrust manipulation was directed upward and medially in the direction of the subject’s contralateral eye. The physical therapist monitored for an audible cavitation accompanying the manipulations. If the audible cavitation was not noted during the first manipulative attempt, subjects were repositioned, and the procedure was repeated a second time. A maximum of two attempts were performed on each subject [34,35]. The therapist had 20 years of active spinal manipulation and physiotherapy experience.




2.4.2. Instrument-Assisted Manipulation


The instrument-assisted manipulation was applied using a handheld Activator IV Adjusting Instrument (AAI 4, Activator Methods International, Ltd., Phoenix, AZ, USA). All instrument-assisted manipulations were administered with the Activator IV on a setting of “2” (i.e., applying a peak force of 121 N) from a 1 to 4 scale, to reduce the peak forces applied to the cervical region [36]. Subjects were positioned prone, in a relaxed position, with arms next to the body and the cervical spine in a neutral position [36]. Contacts were made firm enough to prevent slipping of the rubber tip, but not so firm as to load the spring, in consistence with the clinical use of the instrument. The spring was then loaded by the instrument’s trigger mechanism, and the impulse was delivered in an anterosuperior direction, over the posterolateral aspect of the vertebra on the right lamina-pedicle junction of C3.




2.4.3. Sham Procedure and Control


The sham manipulation was administered with the same components as the manual manipulation; however, once the barrier was engaged in the pre-manipulative position, the head was re-positioned to neutral with no thrust applied [37]. The subjects from the control group were positioned supine and they received no manual contact.





2.5. Statistical Analysis


Statistical analysis was performed using IBM SPSS statistics version 21.0 (IBM Corporation, Chicago, IL, USA). The normality of the data was tested with the Shapiro–Wilk test and all data were normally distributed. The data were expressed as mean ± standard deviation. The percentage of change in outcomes from baseline to immediately post-intervention and baseline to 15 days post-intervention was calculated as follows: (post-intervention value—baseline value)/baseline value ×100. The chi-square test was used for comparisons between groups in nominal data. One-way ANOVA was used to compare groups at baseline and the percentage of change between groups, and post hoc comparisons were performed using Bonferroni tests. A p-value of ≤0.05 was considered statistically significant.





3. Results


From the 33 subjects initially randomized, one participant did not show up for the assessments. Thus, 32 patients completed the follow-up assessments and were included in the analysis: seven subjects in the control group (seven women; 22.0 ± 2.0 years old), eight in the placebo group (eight women; 21.8 ± 0.9 years old), nine in the manual manipulation group (eight women and one man; 22.0 ± 1.3 years old), and eight in the mechanically assisted manipulation group (six women and two men; 22.4 ± 1.2 years old). The groups were similar regarding age (F(3,31) = 0.279, p = 0.840) and sex distribution (χ2 = 3.883, p = 0.274), as well as in visual analogue scale, disability (neck disability index), Patient Global Impression of Change Scale, pressure pain threshold, pain pressure perception, and tone, elasticity, and stiffness of the trapezius and biceps at baseline (Table 1).



3.1. Immediate Effects (Single Session)


No between-group differences were observed in the percentage of changes in the visual analogue scale (Figure 2), pressure pain threshold (Figure 3), and pain pressure perception (Figure 4) immediately after the first session.




3.2. Mid-Term Effects


The percentage of change in the visual analogue scale from baseline to the last evaluation was significantly different between groups (F(3,30) = 12.073, p = 0.001); the change in the manual manipulation group was significantly higher than that in the control (mean difference (95% CI), −70.5 (−114.6 to −26.4)%, p = 0.001), instrument-assisted manipulation (mean difference (95% CI), −53.3 (−91.0 to −15.5)%, p = 0.003], and placebo (mean difference (95% CI), −42.0 (−79.8 to −4.2)%, p = 0.023) groups (Figure 2). The change in the Neck Disability Index score was statistically significantly different between groups (F(3,30) = 9.771, p = 0.001), with the change in the manual manipulation group being higher than that of the control [mean difference (95% CI), −56.2 (−90.4 to −22.0)%, p = 0.001], instrument-assisted manipulation (mean difference (95% CI), −53.4 (−86.5 to −20.4)%, p = 0.001), and placebo (mean difference (95% CI), −40.6 (−73.6 to −7.5)%, p = 0.003) groups (Figure 2).



Fifteen days after the end of the intervention, statistically significant differences between groups were also found in the Patient Global Impression of Change Scale (F(3,31) = 11.594, p < 0.001). The manual manipulation group showed a higher score than the control (mean difference (95% CI), 2.6 (1.1 to 4.0)%, p < 0.001), instrument-assisted manipulation (mean difference (95% CI), 2.2 (0.8 to 3.6)%, p = 0.001), and placebo [mean difference (95% CI), 2.2 (0.8 to 3.6)%, p = 0.001] groups (Figure 2).



Regarding pressure pain threshold (Figure 3) and pain pressure perception (Figure 4), the manual group showed significant differences to the control and instrument-assisted manipulation groups, but not to the placebo group in both the upper trapezius and biceps brachii.



No between-group differences were observed in the percentage of changes in tonus, stiffness, and elasticity in all muscles (Table 2).



All participants completed the study with no reports of medical problems, discomfort, or adverse reactions.





4. Discussion


Our main results indicate that a 3 week manual manipulation intervention over a pre-selected cervical level reduces pain and disability and induces a positive change in the patient’s global impression of change in young adults with nonspecific neck pain.



Our results are in agreement with previous studies showing that a multisession program with manual manipulation reduces pain and improves function in both cervical [8] and lumbar regions [15] compared with pharmacological and instrument-assisted manipulation approaches, respectively. Although the pain-relieving mechanism of spinal manipulation has not been clearly determined, it was proposed that the activation of the descending inhibitory pain mechanism might play the most important role concerning post-manipulation hypoalgesia [38]. It should be noted that in the present study, positive results in pain and disability were found with a non-specific region manipulation, suggesting that the clinical effects occur regardless of a previous assessment of tender muscles or restricted spinal levels, as is usual in clinical practice and previous research [15,34,36]. Although only evaluated at a short-term level, no differences were observed in pain intensity and pressure pain threshold between region-specific versus non-region-specific manipulation techniques in patients with chronic low back pain [14].



The results obtained at long-term level in cases of low back pain seem to also corroborate our results since no differences were obtained between prescriptively selected manipulation and a therapist-selected approach [39]. It seems that the positive results observed were not necessarily related to the “correction of the vertebral dysfunction” but may be a result of the spinal manipulation itself. If confirmed in future studies, it could challenge the concept that a specific approach to the spinal segments would explain the reductions in pain intensity that are experienced by the patients. Therefore, the act of manipulation may be more important that the level where it occurs.



The pressure pain thresholds and pressure pain perception did not change immediately after the first session, but only after three sessions, for the manual manipulation and placebo groups. The changes were present not only on the upper trapezius, but also on both biceps brachii, showing some effect over muscles metameric and also non-metameric, related to the spinal level that suffers the intervention. However, as there was no difference in pressure pain thresholds between the manual manipulation and the placebo groups, we cannot assume that the effect occurred due to the manual manipulation. The results obtained in the placebo group could probably be related to touch-induced analgesia combined with periarticular tension [40]. As our placebo technique included human touch and pre-manipulative position, which include periarticular tension, it is possible that those components explain, at least partially, the results found in this group and not in the instrument-assisted manipulation group, in which there was no human touch and the intervention was applied with the cervical in a neutral position. Moreover, outcomes may not depend wholly on the type of treatment provided but may also be influenced by individual attitudes or beliefs regarding the treatment [41]. Since both the manual manipulation and the placebo technique induced cervical motion, the participants of these groups might have been influenced by their beliefs that cervical manipulation induces analgesia. These findings contradict the assumption of therapeutic equivalence between manual and instrumented-assisted manipulation.



The results obtained regarding muscle parameters indicate that cervical manipulation did not induce any changes at the short or mid-term in tone, elasticity, or stiffness. Our results are consistent with previous studies [42], meaning that changes observed in pain and disability after the three sessions were not related to changes in muscle mechanic parameters.



Our study had some limitations that should be acknowledged. The small sample size and the lack of a previous sample-size calculation limit the generalizability of our results. Nonetheless, this study generated outcomes that can be used to determine the sample size in subsequent larger studies aiming to clearly ascertain the findings of this study. The results of this study are restricted to the immediate and mid-term, as we only had 15 days of follow-up. Future studies are needed to determine whether the positive effects on pain and disability are maintained in the long term. Additionally, a source of variability is the different postures and cervical motions used in the different study groups (e.g., while manual manipulation was applied in supine with a rotatory force, the instrument-assisted manipulation was applied with the participants positioned in prone and the cervical in a neutral position). Overall, the results of this study reaffirm the positive effects of manual manipulation recorded in previous trials and further extend understanding of the efficacy of spinal manipulation applied at a non-specific spinal level, without a previous clinical examination of motion restriction. These preliminary findings both encourage further study with these two methods of spinal manipulation, and inform the design and conduct of subsequent studies.




5. Conclusions


Three sessions of pre-selected C3/C4 manual manipulation improved pain and disability in young adults with nonspecific neck pain. We found no changes in tone, elasticity, or stiffness, so the changes in pain and disability were not related to changes in muscle mechanic parameters. The results of our study should be taken with caution until future studies with bigger sample sizes confirm these findings.
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Figure 1. Flow diagram depicting the study design. 
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Figure 2. Immediate (baseline—post 1st session) and mid-term (baseline—after intervention) effects of the interventions in visual analogue scale (EVA), Neck Disability Index (NDI), and Patient Global Impression of Change Scale. 
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Figure 3. Immediate (baseline—post 1st session) and mid-term (baseline—after intervention) effects of the interventions in pressure pain threshold. 






Figure 3. Immediate (baseline—post 1st session) and mid-term (baseline—after intervention) effects of the interventions in pressure pain threshold.



[image: Applsci 13 02770 g003]







[image: Applsci 13 02770 g004] 





Figure 4. Immediate (baseline—post 1st session) and mid-term (baseline—after intervention) effects of the interventions in pressure pain perception. 
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Table 1. Baseline comparison between groups.
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Manual

	
Placebo

	
Instrument-Assisted

	
Control

	
p Value






	
VAS (cm)

	
3.38 ± 1.08

	
4.00 ± 1.19

	
4.15 ± 0.87

	
3.94 ± 1.04

	
0.789




	
NDI (score)

	
10.50 ± 4.56

	
10.13 ± 3.56

	
12.25 ± 3.41

	
11.86 ± 3.44

	
0.643




	
PGIS (score)

	
3.78 ± 1.30

	
2.00 ± 0.93

	
2.13 ± 0.99

	
1.71 ± 0.76

	
0.789




	
Pressure pain threshold

(kg/cm2)




	
 right upper trapezius

	
3.30 ± 0.91

	
2.75 ± 0.72

	
3.20 ± 0.70

	
3.01 ± 0.65

	
0.485




	
 left upper trapezius

	
3.20 ± 0.75

	
2.60 ± 0.63

	
3.15 ± 0.77

	
3.06 ± 0.56

	
0.292




	
 right biceps brachii

	
2.47 ± 0.49

	
2.54 ± 0.59

	
2.27 ± 0.59

	
2.50 ± 0.52

	
0.397




	
 left biceps brachii

	
2.34 ± 0.34

	
2.19 ± 0.69

	
2.22 ± 0.62

	
2.43 ± 0.57

	
0.836




	
Pain pressure perception

(cm)




	
 right upper trapezius

	
2.97 ± 2.19

	
4.03 ± 1.80

	
3.99 ± 1.22

	
3.00 ± 1.56

	
0.448




	
 left upper trapezius

	
3.20 ± 1.79

	
4.50 ± 2.37

	
3.96 ± 1.16

	
3.10 ± 1.75

	
0.386




	
 right biceps brachii

	
3.88 ± 2.37

	
4.68 ± 1.82

	
4.27 ± 1.23

	
3.34 ± 1.59

	
0.730




	
 left biceps brachii

	
4.04 ± 2.39

	
4.60 ± 2.38

	
4.25 ± 1.31

	
3.28 ± 1.64

	
0.642




	
Muscle properties




	
Tone (Hz)

	

	

	

	

	




	
 right upper trapezius

	
18.15 ± 0.72

	
17.35 ± 1.31

	
16.18 ± 1.47

	
16.30 ± 2.70

	
0.083




	
 left upper trapezius

	
17.60 ± 1.87

	
17.81 ± 0.96

	
16.71 ± 1.81

	
16.61 ± 2.67

	
0.496




	
 right biceps brachii

	
11.37 ± 0.57

	
11.34 ± 0.62

	
11.23 ± 0.67

	
10.71 ± 0.51

	
0.148




	
 left biceps brachii

	
11.64 ± 0.61

	
11.41 ± 1.06

	
11.49 ± 0.78

	
10.87 ± 1.21

	
0.411




	
Elasticity (D Log)

	

	

	

	

	




	
 right upper trapezius

	
1.11 ± 0.12

	
1.13 ± 0.15

	
1.09 ± 0.11

	
1.05 ± 0.11

	
0.614




	
 left upper trapezius

	
0.98 ± 0.07

	
1.08 ± 0.12

	
1.09 ± 0.13

	
1.08 ± 0.12

	
0.149




	
 right biceps brachii

	
1.28 ± 0.10

	
1.39 ± 0.25

	
1.28 ± 0.20

	
1.31 ± 0.26

	
0.699




	
 left biceps brachii

	
1.32 ± 0.17

	
1.31 ± 0.29

	
1.29 ± 0.17

	
1.30 ± 0.19

	
0.995




	
Stiffness (N/m)

	

	

	

	

	




	
 right upper trapezius

	
359.25 ± 32.78

	
334.75 ± 56.02

	
364.38 ± 32.18

	
338.29 ± 50.95

	
0.509




	
 left upper trapezius

	
337.25 ± 55.72

	
354.62 ± 47.42

	
364.00 ± 45.17

	
346.86 ± 45.97

	
0.674




	
 right biceps brachii

	
170.00 ± 18.38

	
173.50 ± 18.55

	
185.00 ± 11.01

	
180.14 ± 17.13

	
0.269




	
 left biceps brachii

	
181.75 ± 16.59

	
171.25 ± 17.13

	
187.75 ± 15.91

	
181.00 ± 18.49

	
0.284








Legend: NDI—Neck Disability Index; PGIS—Patient Global Impression of Change Scale; VAS—visual analogue scale.













 





Table 2. Between-groups comparison of the percentage of change from baseline to 15 days after the third session in muscle properties.
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Manual

	
Placebo

	
Instrument-Assisted

	
Control

	
p Value






	
Muscle Properties




	
 Tone (%)




	
  right upper trapezius

	
0.72 ± 6.17

	
−0.25 ± 9.22

	
−3.61 ± 2.44

	
−0.22 ± 0.68

	
0.465




	
  left upper trapezius

	
5.12 ± 9.35

	
−2.27 ± 10.45

	
−3.64 ± 1.57

	
−0.38 ± 1.00

	
0.088




	
  right biceps brachii

	
1.24 ± 5.99

	
−3.90 ± 3.88

	
−2.09 ± 1.70

	
−0.43 ± 1.51

	
0.066




	
  left biceps brachii

	
−3.81 ± 6.93

	
−1.96 ± 4.50

	
−2.17 ± 2.79

	
−0.45 ± 1.46

	
0.554




	
 Elasticity (%)




	
  right upper trapezius

	
0.71 ± 12.60

	
−9.33 ± 8.96

	
5.54 ± 5.90

	
1.51 ± 5.77

	
0.059




	
  left upper trapezius

	
5.65 ± 11.19

	
−6.92 ± 14.34

	
4.59 ± 4.45

	
2.34 ± 6.18

	
0.067




	
  right biceps brachii

	
0.22 ± 10.09

	
−2.50 ± 11.30

	
1.41 ± 7.65

	
−1.08 ± 2.96

	
0.830




	
  left biceps brachii

	
−1.54 ± 10.46

	
5.03 ± 15.58

	
0.97 ± 7.40

	
−0.27 ± 3.43

	
0.612




	
 Stiffness (%)




	
  right upper trapezius

	
3.15 ± 9.53

	
2.51 ± 20.35

	
−4.49 ± 6.61

	
1.22 ± 3.52

	
0.563




	
  left upper trapezius

	
7.38 ± 13.83

	
−4.78 ± 17.78

	
−5.40 ± 2.78

	
−3.13 ± 3.91

	
0.106




	
  right biceps brachii

	
4.43 ± 9.43

	
1.28 ± 8.67

	
−7.23 ± 8.98

	
−0.28 ± 7.80

	
0.052




	
  left biceps brachii

	
−2.17 ± 8.98

	
1.64 ± 4.92

	
−8.94 ± 7.24

	
−1.42 ± 3.64

	
0.068
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