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Practice of applications 

• Evaluating potential impairments in individuals with persistent disorders following 

cervical surgery will permit a more structured approach to rehabilitative exercise for 

this understudied group. 

• Greater muscle mechanical activity levels were observed in the ventral muscles and 

dorsal multifidus muscle of patients with persistent symptoms following anterior 

cervical decompression and fusion. 

• The differences may indicate an altered motor strategy in this group when performing 

the upper limb task.  

• The altered motor strategy need to be considered when prescribing exercise for their 

rehabilitation.  
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ABSTRACT 

Objective: To compare the mechanical activity of the neck muscles during loaded arm lifting 

tasks in individuals with longstanding disability after anterior cervical decompression and 

fusion (ACDF) to that of healthy controls.  

Methods: Ten individuals (mean age 60 years; SD 7.1) who underwent ACDF (10-13 years 

previously) for cervical disc disease and 10 healthy age- and gender-matched controls 

participated in the study. Ultrasonography were used to investigate the degree of deformation 

and deformation rate of ventral and dorsal neck muscles at the C4-segmental level during a 

single (1 x arm flexion to 120°) and repeated (10 x arm flexion to 90°) loaded arm elevation 

condition.  

Results: The ACDF group demonstrated greater deformation and deformation rate of the 

longus capitis (p=0.02) as well as deformation rate of the sternocleidomastoid (p=0.04) 

during the 120° arm lift. For repeated 90° arm lift, there was a significant effect of group with 

higher deformation rate values observed in the longus capitis (p=0.005-0.01) and multifidus 

(p=0.03) muscles in the ACDF group. Muscle behavior did not change the repeated arm lifts 

(no group x time interactions) for either the ventral or dorsal muscles.   

Conclusions: Greater muscle mechanical activity levels were observed in the ventral muscles 

as well as the multifidus muscle, of patients with persistent symptoms following ACDF. 

These differences may be indicative of an altered motor strategy in this patient group when 

performing the upper limb task and may need to be considered when prescribing exercise for 

their rehabilitation.  

Key Indexing Terms: Neck Muscles, Neck Pain, Surgical Procedure, Motor Skills, Ultrasonography 
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INTRODUCTION 

 

Individuals who have previously undergone anterior cervical decompression and fusion 

(ACDF) surgery for cervical disc disease often experience persistent mechanical neck pain 

and disability. 1-5 A known feature of persistent neck pain disorders is altered muscle activity 

within the dorsal and ventral neck muscle layers irrespective of origin (traumatic or non 

traumatic). 6-10 This is considered detrimental to the health of the cervical vertebral column 

that relies heavily on muscles for its optimal physical support.11 As such altered muscle 

activity,12, 13 and the proposed consequential changes in loading to the spine, may contribute 

to the persistence of neck pain and disability in some individuals.14 However, compared to 

other conditions,12, 13 the activity of cervical muscles in individuals following ACDF has not 

been widely studied.15  

 

Based on available evidence, it is reasonable to expect that individuals following ACDF may 

exhibit altered muscle activity. In addition, these individuals may have further physical insult 

to cervical structures during the surgical procedure that may affect the capacity of muscles to 

support the cervical spine. Certainly studies have shown deficits in strength and endurance of 

neck muscle in cervical post-surgical patients. 1, 5, 16  While these studies demonstrate a gross 

loss of capacity of the muscles to generate and sustain cervical muscle force following 

ACDF, they do not shed light on motor strategies by which this patient group physically 

supports their neck under load. This information would be valuable from an exercise 

prescription perspective as incorporating exercise to train the differential activity of neck 

muscles has proven beneficial in other neck pain conditions. 17, 18 

The purpose of the study was to compare the differential activity of the dorsal and ventral 

neck muscles layers during loaded lifting tasks in individuals with longstanding disability 
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after ACDF, to that of healthy controls. The findings of this study may inform clinical 

decision making when prescribing exercise for individuals with persistent neck symptoms 

following ACDF surgery.   

 

 

METHODS 

Participants 

Ten volunteers (7 women and 3 men (mean (± SD) age 60 (± 7.1) years) with a history of 

persisting pain and disability 10 to 13 years following ACDF surgery for cervical disc disease 

participated in this cross-sectional study. They reported a mean pain intensity of 36 mm (± 

24.9) (on a 100 mm visual analogue scale (VAS))19 and scored an average of 31% (± 8.9) on 

the Neck Disability Index (NDI).20 All participants followed a standardized pathway of care 

following surgery. Participants used a Philadelphia collar for 6 weeks and received routine 

physical therapy at the Spine Clinic including basic ergonomics, light shoulder movements, 

and exercises to improve active range of neck motion after removal of the collar. Following 

this period any intervention was on a pragmatic basis in primary care.  

 

Ultrasound measurements recorded from the ACDF surgical group were compared to those 

recorded from 10 healthy controls matched for gender and age (mean age 60 (± 6.5) years). 

Participants were excluded from the control group if they reported a history of neck or 

shoulder pain or injury, scored 10mm or greater on a VAS (mean VAS 0.08 (± 0.29) mm) 

when asked to rate their general level of neck discomfort,21 reported previous trauma to the 

neck or head, significant pain in the thorax or lower back, or any neurological or 

inflammatory conditions.  
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This study received approval from the Regional Medical Research Ethics Committee at the 

Faculty of Health Sciences at Linköping University in Sweden and was conducted in 

accordance with the declaration of Helsinki. All participants received verbal and written 

information about the study and signed a consent form. 

 

Ultrasound Measurements 

Ultrasound measurements of the cervical muscles were recorded with a 14.0 MHz linear 

transducer (38 mm footprint) and an Ultrasound Vivid 9 Dimension (GE Healthcare, Horten, 

Norway) Unit utilizing a high frame rate (78 frames/s) operated in B-mode with a 2D 

ultrasound imaging system. Ultrasound images of cervical muscle activity were recorded 

during experimental lifting conditions which were later analyzed as image sequences 

(“videos”) using post-process speckle tracking analysis. Recordings were made for both the 

dorsal (upper trapezius, splenius, semispinalis capitis and cervicis, cervical multifidus) (Fig 

1A) and ventral (sternocleidomastoid, longus capitis, longus colli) (Fig 1B) neck muscles. All 

recordings were made at the C4 vertebral level identified by palpation of the C4 spinous 

process for the dorsal muscles and by the carotid artery bifurcation22 for the ventral muscles. 

The transducer was first positioned in a transverse orientation at the marked C4 level on the 

right side and underlying muscle layers and bony landmarks were identified. The transducer 

was then rotated 90 degrees to a longitudinal orientation to the dorsal muscles providing the 

optimal image plane required for the post-process speckle tracking analysis (based on the 

stable Farneback mathematical model).15, 23 The Multivariate Analysis of Congruent images 

(MACI) research software15, 23 was used for the analysis. 
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 Participants performed the lifting tasks while a researcher maintained the accurate position 

of the ultrasound head over the targeted neck muscles. A similar procedure was used for the 

ventral muscles using the landmark of the carotid artery bifurcation. 

Post-Process Speckle Tracking Analysis: 

Post-Process speckle tracking analysis utilizes speckles (dots) contained within a muscular 

region of interest (ROI) to tag and track movement of muscle (due to muscle contraction) 

during exercise. The speckles (one for each pixel within the ROI) are fixed to specific points 

of the imaged muscle tissue and are tracked to measure displacement (per unit time) of the 

designated muscle points during contraction. A speckle tracking algorithm (pattern scattering 

recognition) calculates the median displacement value of all speckles within the ROI at 

sequential frames of the exercise video. The median value, in preference to the mean value, is 

used because it is less affected by speckle displacement outliers, and lost speckles between 

video frames. A stable mathematical model and at least 80% agreement between frames are 

sufficient for the software to identify the patterns of speckles and follow the changes in 

muscle deformation frame by frame. The first frame of all video sequences is recorded at rest 

immediately before the commencement of the lift. Deformation measurements calculated 

from this first frame are utilized as the reference value from which all deformation 

measurements from the frames recorded during the lifting events are calculated. This process 

permits two mechanical measurements of muscle activity to be calculated during the 

experimental lifting tasks: 

Muscle Deformation (% strain): Muscle deformation (strain) is defined as the momentary 

change (frame by frame) in muscle tissue displacement during contraction 

(elongation/shortening during exercise) relative to a reference length (recorded immediately 

prior to the commencement of the lift). Muscle deformation during the lifting task is 
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expressed as a percentage of the pre-lift muscle length (% strain). A higher number of 

percentages mean higher longitudinal deformation of the muscle. 

Muscle Deformation Rate (% strain/sec): Muscle deformation rate is defined as the 

deformation per second (% strain/sec) providing information concerning the speed of muscle 

contraction. A higher deformation rate means a higher speed of the deformation. 

These measurements have been shown to have moderate to excellent test-retest reliability 

both for dorsal (two-way random absolute agreement single measure Intra Class Correlation 

Coefficient (ICC) 0.61-0.99)24 and ventral (ICC 0.80-0.99)25neck muscles. The deformation 

measurement is a mechanical measure of muscle activity (change in longitudinal length of 

muscle during activity). The magnitude of muscle deformation has been shown to be 

positively related to muscle activity during electrical stimulation in that a higher degree of 

stimulation was associated with a higher degree of muscle deformation.26 Similarly a linear 

correlation has been observed between the degree of voluntary muscle contraction (% of 

MVC) and the corresponding degree of muscle deformation.26 

 

Experimental Procedure 

Ultrasound video sequences were recorded during two experimental loaded arm lifting tasks 

of the right upper limb (Fig 2AB). Both experimental tasks were performed in a standing 

position with the participant’s gaze immediately ahead, their elbow straight, and the forearm 

in a neutral pronation/supination posture. During both experimental tasks ultrasound video 

recordings of the cervical muscles were made immediately before the commencement of the 

lifting task (utilized to calculate the reference resting deformation and deformation rate 

values) and continued over the duration of the lifting task. Recordings for the single loaded 
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arm lift (Experimental Task 1) were performed first followed by recordings for the repeated 

loaded arm lift (Experimental Task 2).  

Experimental Task 1 (Single loaded arm lift to 120°) - This task was designed to mimic daily 

lifting activities often reported as aggravating to neck pain such as placing objects on a shelf. 

Participants were instructed to elevate their arm in the sagittal plane until their index finger 

touched a horizontal bar in front of them that corresponded to 120° shoulder flexion, before 

lowering the arm to the starting position. This lift was performed while holding a 

standardized weight in the hand (1 kg for women, 2 kg for men). The participants first 

practiced the test with their left arm for familiarization purposes. A metronome set at 40 beats 

per minute ensured that a consistent pace was maintained during the task such that they lifted 

their arm on the first beat of the metronome and lowered the arm on the second beat. Once 

participants could perform the movement with the left arm at the correct speed, the 

experimental condition was performed with the right arm. For all participants, recordings 

were made over one repetition of the lift for the dorsal muscles first followed by recordings 

for the ventral muscles. All participants then performed Experimental Task 2.  

Experimental Task 2 (Repeated loaded lift to 90°) - This task was designed to mimic daily 

repeated low load upper limb activities such as hanging laundry on a clothes line. Participants 

were instructed to elevate their arm in the sagittal plane until their index finger touched a 

horizontal bar in front of them that corresponded to 90° shoulder flexion, before lowering the 

arm to the starting position. This lift was repeated 10 times while holding a standardized 

weight in the hand (0.5 kg for women, 1 kg for men). Participants first practiced the task with 

their left arm for familiarization purposes with the metronome (ie. elevating arm on first beat 

and lowering on second beat at a rate of 40 beats per minute) ensuring a smooth motion 

between lifting phases. Once participants could perform the task correctly with the left arm, 
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the experimental condition (10 repetitions) was performed with the right arm. Ultrasound 

video was recorded continuously over the 10 repetitions. 

 

The mean pain value before and after the 120 degree condition was 35.1mm and 35.4mm 

(p=0.91), respectively. The mean pain value before and after the repeated 90 degree arm 

condition was 35.4 mm and 37.5 mm (p=0.39), respectively. 

 

Data Management and Statistical Analysis 

Measurements of muscle deformation and deformation rate were calculated from ultrasound 

video sequences of the experimental lifting tasks and were all expressed as root mean square 

(RMS) values. The RMS values are based on the curve of the changes in deformation and 

deformation rate over the entire lifting sequence in the longitudinal ultrasound projection for 

each lifting condition. Analyses were performed using a statistical package (SPSS version 20: 

IBM). Statistical significance was accepted at the 0.05 alpha level.  

Experimental Task 1 – Deformation and deformation rate measurements were calculated 

from recordings of the single lift and compared between groups using a multivariate general 

linear model analysis. 

Experimental Task 2 – Deformation and deformation rate measurements were calculated for 

the first and final (average of the 9th and 10th repetitions) repetitions of the repeated lifting 

sequence to assess the impact of repetition on the measurements of muscle activity. A 

repeated measures general linear model was used to evaluate group (ACDF, control) x time 

(between the first and final repetitions) interactions as well as to evaluate main effects of 
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group for all muscles evaluated. A Bonferroni correction was used for multiple comparisons 

of the deformation and deformation rate measurements.   

 

 

 

RESULTS 

Experimental Task 1 – Data for the single lift to 120° degrees for both the ACDF and control 

groups are shown in Table 1. 

Deformation: The ACDF group demonstrated significantly greater deformation of the longus 

capitis muscle (p = 0.02) compared to the controls during the single lift to 120 degrees, as 

well as a non-significant trend for greater activity in the other ventral muscles (longus colli (p 

=0.08), sternocleidomastoid (p = 0.09)). The only dorsal muscle to demonstrated a tendency 

for group differences was the multifidus (higher deformation in the ACDF group (p = 0.07)), 

with all other dorsal muscles similar between groups (p > 0.52).  

Deformation Rate:  Deformation rate during the lift was generally greater in the ACDF group 

compared to the controls in the ventral muscles (sternocleidomastoid (p = 0.04), longus 

capitis (p = 0.02), and a tendency for longus colli (p = 0.07)) and similar between groups for 

the dorsal muscles (p > 0.54).  

Experimental Task 2 – Data for the repeated lifting condition (1st and 9/10th repetitions) are 

shown in Table 2 for both participant groups. 

Deformation – There were no significant group x time interactions for either the ventral (p > 

0.11) or dorsal (p > 0.25) neck muscles indicating the pattern of muscle use between the first 
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and final repetitions of the lifting task did not differ significantly between groups for any of 

the muscle examined. Significant main effects for group (indicating greater deformation 

overall combining data from the first and final repetitions) were observed in the ACDF group 

compared to controls for the longus capitis muscle (p = 0.005) and non-significant trends for 

the longus colli (p = 0.09) and splenius capitis (p = 0.08) muscles.  

Deformation Rate – No significant group x time interactions were observed for the 

deformation rate measure for either the ventral (p > 0.31) or dorsal (p > 0.24) neck muscles 

over the repeated lifting task. Significant main effects of group were observed with the 

ACDF participants demonstrating greater deformation rates overall during the task compared 

to controls for the longus capitis (p = 0.01), and multifidus (p = 0.03) muscles.  

Adverse Events – There were no reported adverse events during this experiment. 

 

 
 
DISCUSSION 
 

This study evaluated the mechanical activity of the dorsal and ventral neck muscles in 

patients with longstanding pain and disability following an ACDF, by comparing their 

responses to a control population during a single and a repeated, lifting task. It is relevant to 

study cervical muscle function during lifting in light of their activity during upper limb tasks7 

and reports that lifting activities aggravate neck pain.27 A general tendency of group 

differences (Tables 1-3) were mostly observed for the ventral neck muscles and the deepest 

layer of the dorsal neck muscles (multifidus). The ACDF group showed generally greater 

amplitudes of deformation (longitudinal mechanical activity along the muscle fibers) and 

deformation rates (speed of deformation) of the ventral and dorsal multifidus muscles 
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compared to the control group. These findings suggest that participants with longstanding 

pain and disability following ACDF may have some altered motor strategies to physically 

support the cervical vertebral column during lifting. The lack of significant group x time 

interaction (Table 2 and 3) for the repeated lifting task, however, indicates that while there 

may be some differences in muscle activity, it was a consistent pattern of activity between 

groups over the repetitions.    

The findings of this study are consistent with previous reports of altered cervical motor 

strategies in individuals with mechanical neck pain,6, 8, 10 including altered strategies in 

response to tasks involving the upper limbs.6, 7 However findings differ from these previous 

studies in that the activity of the deep ventral (longus capitis and longus colli) and dorsal 

(multifidus) muscles in this current study were shown to be heightened in the ACDF patient 

group compared to controls, as opposed to the reduced activity in these muscles in 

participants with neck pain found in the previous studies. 6-8, 10  

There may be many reasons for these discrepancies. Different patient populations were 

studied, surgical in this study versus idiopathic and traumatic neck. 6-8, 10 Potentially the 

ACDF patients may experience different alterations in motor strategy because of any impact 

of surgery on muscle function (particularly the deeper ventral muscles in an anterior 

approach) or the impact of the fusion itself. The apparent heightened activity may reflect 

greater demands on the deep muscle system to support the cervical column in the long term 

post-surgery when adjacent segments may be at risk of added strain and accelerated 

degeneration due to altered biomechanics after fusion.26 Discrepancies may also reflect the 

different measures and test conditions utilised between the current and past studies. Previous 

studies have used electromyography (recording electrical neurophysiological events) or 

magnetic resonance imaging (MRI) (functional muscle MRI studies recording post exercise 

muscle metabolic events) measures of muscle activity, as opposed to the ultrasound method 
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used in this study that measures a mechanical event in muscle (deformation/deformation rate) 

as an indicator of muscle activity. While there is initial evidence of a relationship between the 

magnitude of electrical muscle stimulation and muscle deformation as well as a linear 

correlation between the degree of voluntary muscle contraction and the corresponding degree 

of muscle deformation,28 further validation of these US measures are required. Differences in 

the direction of altered muscle activity (increased or decreased activity relative to that shown 

by control groups) between this and previous studies, may be due to the interpretation of the 

ultrasound measures. Irrespective, the findings in this and previous studies all indicate that 

when compared to controls, different cervical motor strategies are evident in those with 

persistent neck symptoms that seems to mostly effect the deeper muscle layers that may have 

potential implications for altered loading of pain-sensitive cervical structures.  

 

 

Clinical Implications 

The trend for altered behaviour in the deeper muscle layers of patients with persistent neck 

symptoms and disability during the lifting tasks adds further support to the body of evidence 

indicating altered behaviour of the deep sleeve of muscles that envelope the cervical vertebral 

column (anterior and posterior) with mechanical neck pain. 6-8, 10 We postulate that the 

findings of this and previous studies demonstrating other elements of motor dysfunction 

(deficits in strength and endurance) in individuals who have previously undergone ACDF 

surgery supports recommendations for the inclusion of dedicated motor training in these 

patients. Specifically the findings of this study suggest that a rehabilitative exercise program 

for this patient group may need to address coordination of activity between the deep and 

superficial layers of the dorsal and ventral muscle groups with a low load motor relearning 
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approach as is recommended for other chronic neck pain disorders. 10, 29 While higher load 

training of strength and endurance of the neck muscles is also beneficial to individuals with 

neck pain disorders,30, 31 these modes of training may not address the deficits in coordination 

between the different muscle layers.10, 29 Therefore training programs for individuals with 

persistent symptoms following ACDF may need to address the multiple requirements of the 

motor system (eg. coordination, strength, endurance), including therapeutic exercises 

designed to improve the coordinated activity of the multiple muscle layers of the neck32 to 

optimize physical support of the cervical column during functional tasks such as lifting.   

 

Limitations and Future Recommendations 

In relation to the lifting task, participants’ were all provided with standard weights to lift and 

this may not have provided an equal challenge to the cervical muscles of all participants. 

Heavier loads may have produced greater muscle activity and future studies will need to 

evaluate muscle function in patients following ACDF under more challenging conditions. We 

chose the relatively low loads to mimic those commonly encountered in everyday life and to 

prevent potential aggravation of pain in the ACDF patients. A further limitation is the method 

of the ultrasound measurement used for speckle tracking analysis. Measurements of muscle 

deformation were performed over a specific ROI within the muscle and may not provide an 

overall activity level representation of all regions of the muscles. Another limitation of the 

speckle tracking techniques is that it is time consuming. Due to the low number of 

participants in the study the study should be looked upon as a pilot study. However, as the 

ultrasound techniques give opportunity to quantify changes in muscle structure and function 

non-invasively in different layers of the neck muscles, it has potential clinical application, not 

at least as a visual feedback and as a pedagogical tool to be used when training patients´ 

muscle coordination.”  
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CONCLUSION  

Ultrasound measurements of muscle deformation and deformation rate of the dorsal and 

ventral cervical muscles during lifting tasks were compared in participants with long-term 

persistent symptoms and disability following ACDF and healthy controls. Heightened 

deformation and deformation rates were generally observed in the ventral muscles and the 

dorsal multifidus muscle of the ACDF group. This altered activity was not affected when the 

lifting task was performed over many repetitions. These findings may represent a change in 

motor strategy of the cervical motor system in response to lifting in patients following 

ACDF, and may need to be considered when designing exercise programs for their 

rehabilitation. 
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Figure Legends 

 

Fig 1A. Longitudinal ultrasound image of dorsal neck muscles with regions of interest (ROIs) 

from superficial to the deep: trapezius, splenius, semispinalis capitis, semispinalis cervicis 

and multifidus. 
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Fig 1B. Longitudinal ultrasound image of ventral neck muscles with regions of interest 

(ROIs) from superficial to the deep: sternocleidomastoid, longus capitis and longus colli. 
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Fig 2A. Illustration of the 90° repeated arm lift experimental procedure. 
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Fig 2B. Illustration of the 120° single arm lift experimental procedure. 
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Table 1) Descriptive statistics (mean (standard deviation) of root mean square value) for the 

muscle deformation (strain) (%) and deformation rate (% deformation/s) of dorsal1 and 

ventral2 neck muscles between participants who have previously undergone an ACDF and the 

control group during loaded 120° arm elevation.  

    

                                      

           Deformation                                        Deformation Rate 
   ACDF   Control p-value     ACDF   Control p-value 

Trapezius 2.96(1.54) 3.42(2.14)   0.59   0.015(0.006) 0.015(0.006)   0.97 

SplenCap 3.51(2.12) 3.38(2.02)   0.89 0.022(0.006) 0.021(0.006)   0.66 

SemiCap 3.76(2.73) 3.50(1.98)   0.81 0.021(0.005) 0.020(0.007)   0.85 

SemiCerv 3.25(2.11) 3.96(2.79)   0.53 0.023(0.008) 0.022(0.005)   0.78 

Multifidus 3.58(1.90) 2.37(0.44)   0.07 0.025(0.008) 0.027(0.009)   0.55 

SCM 5.98(3.23) 3.66 (2.51)   0.09 0.025(0.010) 0.016(0.007)   0.04 

LongCap 8.12(6.52) 2.94(1.18)   0.02 0.054(0.035) 0.025(0.009)   0.02 

LongCol 7.49(5.23) 4.05(2.54)   0.08 0.062(0.047) 0.031(0.015)   0.07 

1 Splenius Capitis (SplenCap), Semispinalis Capitis (SemiCap), Semispinalis cervicis (SemiCer). 

2 Sternocleidomastoid (SCM), Longus capitis (LongCap), Longus colli (LongCol). 
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Table 2) Descriptive statistics (mean (standard deviation) of root mean square value) for the muscle deformation (strain) (%) of the dorsal and 

ventral neck muscles of participants who have previously undergone an ACDF and the control group during the first (Rep.1) and final (Rep. 

9/10) repetitions of repeated loaded 90° arm elevation task. 

 

 ACDF Control Group Effect Group x Time 
Interaction 

  Rep. 1 Rep. 9/10  Rep. 1 Rep. 9/10     p-value     p-value 

Trapezius 2.39(1.93) 3.13(2.6) 2.25(1.14) 1.85(1.21)       0.12       0.31 

SplenCap 4.5(3.55) 5.16(4.59) 2.72(1.35) 2.8(1.49)       0.08       0.38 

SemiCap 3.23(2.87) 4.53(4.71) 3.89(2.49) 3.09(1.37)       0.88       0.25 

SemiCerv 3.48(2.92) 3.43(2.21) 2.73(1.53) 2.77(1.71)       0.14       0.57 

Multifidus 2.97(1.94) 3.27(1.76) 3.5(3.18) 2.58(1.71)       0.31       0.43 

SCM 4.24(2.88) 6.32(6.77) 3.99(3.58) 2.29(1.5)       0.14       0.11 

LonCap 4.33(2.79) 5.93(3.56) 2.03(0.99) 4.13(2.65)       0.005       0.87 

LonCol 4.03(4.24) 6.37(4.14) 2.54(1.57) 3.69(2.56)       0.09       0.8 

1  Splenius Capitis (SplenCap), Semispinalis Capitis (SemiCap), Semispinalis cervicis (SemiCer). 

2 Sternocleidomastoid (SCM), Longus capitis (LonCap), Longus colli (LonCol). 
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Table 3) Descriptive statistics (mean (standard deviation) of root mean square value) for the muscle deformation rate (strain/sec) (%/s) of the 

dorsal and ventral neck muscles of participants who have previously undergone an ACDF and the control group during the first (Rep.1) and final 

(Rep. 9/10) repetitions of repeated loaded 90° arm elevation task. 

 

 ACDF Control Group Effect Group x Time 
Interaction 

 Rep. 1  Rep. 9/10    Rep. 1  Rep. 9/10     p-value         p-value 

Trapezius 0.008(0.004) 0.012(0.009) 0.01(0.005) 0.011(0.005)       0.65           0.24 

SplenCap 0.017(0.01) 0.019(0.012) 0.016(0.008) 0.016(0.007)       0.32           0.31 

SemiCap 0.018(0.009) 0.02(0.014) 0.016(0.009) 0.016(0.005)       0.42           0.72 

SemiCerv 0.018(0.007) 0.023(0.016) 0.016(0.009) 0.019(0.006)       0.23           0.8 

Multifidus 0.028(0.017) 0.025(0.018) 0.018(0.014) 0.018(0.006)       0.03           0.47 

SCM 0.018(0.008) 0.018(0.009) 0.016(0.01) 0.014(0.008)       0.19           0.31 

LonCap 0.028(0.013) 0.028(0.011) 0.018(0.005) 0.02(0.011)       0.01           0.54 

LonCol 0.032(0.022) 0.032(0.012) 0.028(0.023) 0.023(0.008)       0.09           0.92 

1  Splenius Capitis (SplenCap), Semispinalis Capitis (SemiCap), Semispinalis cervicis (SemiCer). 

2 Sternocleidomastoid (SCM), Longus capitis (LonCap), Longus colli (LonCol). 
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