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Article 
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Featured Application: When using the prone plank exercise as part of core stabilisation training, clinicians, 

physiotherapists, and fitness professionals should consider the demonstrated increase in sEMG during 

FLEXION and no change in sEMG during EXTENSION, when compared to NEUTRAL. Additionally, they 

should consider that the cranio-cervical segment modulates participants' RPE and intensify perceived 

neuromuscular fatigue when the prone plank differs from NEUTRAL performance. These findings may 

provide physical therapists and fitness professionals with new guidelines that should be considered when 

using this exercise as part of core stabilisation training in rehabilitation and sports programmes. 

Abstract: This study aimed to investigate the influence of cranio-cervical position on the electromyographical 
activity of the core muscles during the prone plank exercise. Twenty healthy participants were enrolled in this 
study. Muscle activation was registered using surface electromyography (sEMG) in the rectus abdominis (RA), 
external oblique (EO), internal oblique (IO) and lumbar portion of erector spinae (LES). Three prone plank 
conditions were randomly evaluated, varying the position of the cranio-cervical segment during the prone 
plank performance (NEUTRAL, FLEXION and EXTENSION). sEMG signals of each individual muscle, Total 
Intensity (TI) and ratings of perceived exertion (RPE) were analysed with statistical significance set at P<0.05. 
FLEXION revealed significantly higher TI values compared to NEUTRAL and EXTENSION (p = 0.000; effect 
size (ES) > 0.90). The RA presented larger activation in FLEXION compared to the other variations (p < 0.05; ES 
>0.70). FLEXION elicited a greater response compared to NEUTRAL for both sides of EO when compared to 
EXTENSION, and also for both sides of IO compared to the other conditions. Both FLEXION and EXTENSION 
reported higher RPE values compared to NEUTRAL. Cranio-cervical segment position influenced the 
electromyographical activation of core musculature, showing highest values when performing prone plank in 
a cranio-cervical flexion. 

Keywords: core training; abdominal muscle activity; head-neck posture; EMG; physical therapy 
 

1. Introduction 

Core stabilisation provides the necessary muscular balance and control required about the 
pelvic-hip complex, trunk (throughout the cervical, thoracic, and lumbar spinal segments) and 
scapular girdle to effectively preserve the stability and function of the entire human body [1]. A stable 
core provides sufficient proximal stability for appropriate distal mobility with the ability to control 
the movement of the trunk during static or dynamic motor tasks and functions as a connection to 
force and energy transfer between the central region and the lower and upper limbs [2–4]. Thus, a 
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stable and strengthened core is proposed as a key element within the training programmes for fitness 
and athletic performance enhancement and within musculoskeletal injury prevention and spinal 
rehabilitation programmes [5–7]. 

The core can be understood as an interdependent kinetic system working synergistically as a 
united functional structure [3,8]. The passive stiffness provided by the osteo-ligamentous structures 
and the fascial system, alongside the active stiffness supplied by muscular coactivation mechanisms 
and coordinated by the sensory-motor control system, stabilises the spine and preserves trunk 
posture during whole-body movements and postural adjustments [9,10]. The abdominal and 
lumbopelvic-hip muscular complex is formed by different deep and superficial layers [10–12]. The 
deep-layer musculature, which includes the internal oblique (IO) and transversus abdominis (TrA) 
muscles, enhances the segmental control of the lumbar spine by joining the thoracolumbar fascia 
(TLF) and increasing intra-abdominal pressure during different dynamic or static motor tasks [13,14]. 
The superficial-layer musculature includes the rectus abdominis (RA), external oblique (EO) and 
erector spinae muscles and contributes to an efficient force and energy transfer between the upper 
and lower limbs [13,14]. The increasing of the muscular stiffness by synergistic cocontraction of all 
involved core muscles is essential to assure the stabilisation of the lumbar spine and preserve trunk 
posture [15–17]. 

One of the main goals of any core strengthening and stabilisation programme should be the 
enhancement of this active muscular stiffness, aiming to improve the mechanical stabilisation of the 
trunk [1]. Although research has extensively quantified the effects of different types of core 
stabilisation exercises, it is still a challenge for fitness professionals, therapists, or athletes to properly 
know which exercises or which specific variation will best meet their specific requirements [18]. 
Abdominal bridging exercises are effective strategies to retrain or strengthen the trunk muscles into 
the therapy or training processes by decreasing lower back disorders, preventing lower limb injuries, 
or improving athletic performance [1,19–23]. Into these exercises, the prone bridge or prone plank is 
a traditional bridging exercise that can cause the cocontraction of the core musculature, producing 
an abdominal bracing effect by raising the intraabdominal pressure to provide active stiffness that 
improves lower back stability and function [24,25]. Thus, it has been pointed as essential exercise 
within current athletic, fitness and rehabilitation programs [1,8,22,23,26]. 

It has been stated that the suitable technique to properly perform the prone plank exercise 
should involve the need to effectively maintain the natural spinal curvatures, throughout the lumbar, 
thoracic, and cervical regions, within physiological neutral ranges for minimising passive tissue 
stress [12,27,28]. This is a key question because the way in which the prone plank exercise is 
performed can provide different loads on the spine and different levels of abdominal activity [23,29–
33]. Consequently, clinicians, physical therapists, and strength and conditioning specialists should 
know in-depth how the core works in this essential core stabilisation exercise for accurately 
instructing and correcting their patients or athletes to perform the traditional prone plank, 
maximising its exercise’s safety, functionality, and efficacy. Otherwise, the misunderstanding could 
make the same exercise less functional, efficient, or even painful [6,28]. 

In this sense, previous studies investigating the prone plank exercise have reported how the 
activity of the abdominal wall musculature, as well as the rating of perceived exertion (RPE), can be 
influenced depending on the position of certain joint regions, linking their specific positioning to the 
magnitude of the abdominal and RPE responses [32,34–36]. Based on these studies, it seems that the 
specific pelvic position strongly modulates the activity of the abdominal musculature and the RPE 
during abdominal tasks and bridging exercises [32,34,37–39]. Likewise, it has been found that the 
scapular position during the prone plank performance has also an important influence increasing the 
activation of the core muscles and the RPE values, specifically when a posterior pelvic tilt position is 
adopted, and the scapulae are in adduction [34].  

In this context, it would be important to monitor and evaluate whether other spinal segments, 
such as the cranio-cervical region, could also influence and modulate the abdominal response and 
the perceived neuromuscular fatigue in this bridging exercise. Preliminary studies have revealed how 
specific variations in head and gaze orientation, mainly by adopting a flexed position, affected trunk 
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muscle activity and lumbar motion during exercises performed in the standing and supine hook-
lying positions [40,41] or during controlled tasks such as the active leg straight raising test or the 
forward trunk flexion movement [42,43]. Interestingly, while executing the prone plank, it is often 
observed that in some untrained individuals, in individuals under fatigue, or when a plank variation 
is too challenging and causes too high core demands, they often shift towards a cranio-cervical flexion 
posture. However, limited evidence is currently available on the effect that different cranio-cervical 
postures have in modulating the activity of the core muscles and the perceived exertion during the 
performance of the traditional prone plank. 

Consequently, in this study, we aim to investigate whether the specific position of the head and 
the cervical spine influences the magnitude of the activity of the core muscles in the performance of 
the prone plank exercise, measuring muscle activation by surface electromyography (sEMG) and 
evaluating the perceived neuromuscular fatigue reported by participants. It was hypothesised that 
performing cranio-cervical flexion would provide greater sEMG responses on overall abdominal 
musculature. In comparison, cranio-cervical extension would elicit higher sEMG responses on the 
lumbar extensor musculature. Additionally, it was hypothesised that both flexion and extension 
postures would elicit more perceived effort on participants than the traditional cranio-cervical 
neutral posture. 

2. Materials and Methods 

2.1. Study Design 

A cross-sectional study of within-subjects repeated measures was designed to examine the 
influence of actively maintaining different positions of the cranium and the cervical spinal segment 
on the sEMG response of six trunk muscles – the right side of the RA, left side of the external oblique 
(LEO), right side of the external oblique (REO), left side of the internal oblique (LIO), right side of the 
internal oblique (RIO) and right side of the lumbar portion of the erector spinae (LES)  – during the 
isometric prone plank execution. Thus, the magnitude of the muscle activation and the RPE were 
examined within each measured variation and compared across the three following testing 
conditions: the standard performance of the prone plank exercise with a neutral cranio-cervical 
position (NEUTRAL); a variation from the standard prone plank performed with active cranio-
cervical full flexion (FLEXION); and a variation executed with active cranio-cervical full extension 
(EXTENSION). Additionally, all experimental conditions were recorded from a sagittal plane using 
a motion capture system to ensure that there were no postural variations in both the cranio-cervical 
and lumbopelvic-hip complex positions during sEMG data collection. 

2.2. Participants 

A convenience sample of 20 volunteers (13 men and seven women), recruited from healthy and 
physically active university students of Sport Sciences Degree, were selected as participants for this 
study (mean ± SD age: 24.2 ± 3.5 years; height: 1.7 ± 9.5 m; and body mass: 66.4 ± 8.4 kg). All 
participants had experience in core stabilisation and resistance training (4.4 ± 1.7 years) and were 
active, performing several physical exercise sessions per week at moderate or vigorous intensity (4.7 
± 1.7 sessions).  

Inclusion criteria were as follows: no history of neurological or musculoskeletal disorders; no 
surgeries in the core region; and no injuries or acute or chronic pain located around the neck, 
shoulders, elbows, spine, or hips during the past year. Also, prior knowledge and practice on the 
performance of the traditional prone plank exercise were requested. In addition, it was controlled 
that all participants had thin skinfolds in the abdominal and supra-iliac areas to obtain the most 
accurate sEMG signal by minimising the attenuating effects and possible artefacts on the sEMG signal 
due to excessive subcutaneous adipose tissue lying between the superficial electrodes’ area and the 
examined abdominal musculature, following criteria from previous research [44,45]. Consequently, 
those with a skinfold thickness bigger than 20 mm were not included as participants (sample mean ± 
SD values: abdominal skinfold thickness: 12.23 ± 2.45 mm; supra-iliac skinfold thickness: 10.36 ± 1.82 
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mm). Participants were informed about the aim and the study protocol and signed the written 
informed consent before participating in the experimental procedures. 

2.3. Procedures 

Each participant took part in two different sessions: familiarisation and experimental sessions, 
both separated between 48 – 72 hours. All data collection procedures were conducted at the same 
laboratory by the same researchers, considering neutral conditions of temperature and humidity. In 
the familiarisation session, each participant accepted some required restrictions for the subsequent 
data collection session: no drinks or food intake, or medication or any neurological stimulant used in 
the 2 – 4 hours before measurements; no performing any moderate or vigorous physical activity 
during 24 – 48 hours before data collection; and a sleep duration of 7 – 8 hours the night before to the 
measurement day. All experimental protocols and study procedures follow the ethical principles 
described in the Declaration of Helsinki of 2013 and they were approved by the University Ethics 
Committee (UA-2018-11-16). Additionally, this manuscript observes the STROBE (Strengthening the 
Reporting of Observational studies in Epidemiology) standards [46]. Figure 1 summarises the 
protocol followed by study participants in the familiarisation and experimental sessions. 

 

Figure 1. Scheme of the procedures for the familiarisation and experimental sessions. 

2.3.1. Familiarisation Session 

Before the data collection session, each participant completed an initial familiarisation session at 
the same place and at the same time of their experimental session, with the aim to properly know all 
the study procedures and correctly perform all the experimental conditions. Also, each participant 
was familiarised with the laboratory facilities and measurement instruments for the sEMG, 
kinematics, and RPE data collection. The anthropometrical data of the sample were registered 
starting this session by a skilled III-Level ISAK (International Society for the Advancement of 
Kinanthropometry) specialist, using instruments and procedures accordingly to the ISAK standards 
[47].  

After a light warm-up involving joint mobilisation and mild cardiovascular exercise, 
participants practised under supervision the full flexion-extension range of motion (ROM) of the 
cranio-cervical spinal segment in a standing position until they understood each proposed cranio-
cervical posture. Then, participants practised all the different study conditions until ensuring the 
correct and controlled performance of each prone plank variation. For this purpose, a detailed 
description of this exercise was first provided by a certified strength and conditioning specialist. 
Then, each participant was individually trained and corrected using verbal and manual feedback for 
accurately performing each plank condition.  

Additionally, participants performed a practice trial including maximal voluntary isometric 
contraction (MVIC) tests and RPE assessments to ensure that they understood these tasks for the 
experimental session. Finally, they were evaluated on the precise practice of the NEUTRAL, 
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FLEXION and EXTENSION testing conditions, thereby reaching accurate exercise control. Only those 
who properly executed all the plank variations continued into this study. Ending this session, each 
participant was informed about the previously described constraints for the data collection session. 
The duration of the familiarisation session varied between 40–60 min for each participant. Table 1 
summarises the protocols for each testing condition, which were founded on the traditional prone 
plank protocol, as already have been established in previous research [31,32,34].  

Table 1. Description of prone plank experimental conditions. 

Exercise  Protocol 

  

Traditional 

prone plank  

Face-down lying with both fists on the floor, feet shoulder width apart, and 
lumbar, thoracic, and cervical spine, pelvis, and scapulae in a neutral 
position. Elbows spaced shoulder width apart directly below the 
glenohumeral joint. Lift the body up on the forearms and toes. 

Experimental plank conditions 

NEUTRAL Perform the traditional prone plank protocol as described here. 

FLEXION 
From the traditional prone plank, perform a full cranio-cervical flexion and 
actively maintain the posture contracting the neck flexor musculature. 

EXTENSION 
From the traditional prone plank, perform a full cranio-cervical extension and 
actively maintain the posture contracting the neck extensor musculature. 

2.3.2. Experimental Session  

Once participants were familiarised with the study procedures, they took part in the 
experimental session. sEMG of the analysed core muscles and 2D Body kinematics of the cranio-
cervical and lumbopelvic-hip segments were recorded during the performance of the NEUTRAL, 
FLEXION and EXTENSION testing conditions. The RPE of participants was also collected 
immediately after every plank condition, using the OMNI Perceived Exertion Scale for Resistance 
Exercise (OMNI-RES) [48]. 

2.3.3. sEMG Instrumentation 

The sEMG response of the six core muscles analysed was collected across all experimental plank 
variations. The sEMG signals were recorded for a 10-s period by telemetry through the Mega WBA® 
wireless system (Mega Electronics LTD, Kuopio, Finland), using pre-gelled disposable bipolar Ag-
AgCl surface electrodes (Arbo Infant Electrodes, Tyco Healthcare, Germany). Electrodes were placed 
parallel to the muscle fibre orientations with a centre-to-centre spacing of 20 mm [49]. Previously to 
the electrode placement, the testing skin area was prepared shaving and cleaning with alcohol wipes 
the overlying skin region for each examined core muscle. Electrodes were then placed on the right 
side of the trunk for the RA and LES, assuming their symmetrical activation during isometric 
abdominal exercises [50], and on both sides for the IO and EO muscles, looking for possible 
differences in muscle activation. Electrode positions were chosen according to the procedures of 
Surface EMG for Non-Invasive Assessment of Muscles (SENIAM) project [49], and if not obtainable, 
following related studies [28,51,52]. For the location of the anatomical landmarks, the manual 
palpation technique was used with a skin marker to correctly point and place every electrode [53]. 
Lastly, the quality of the sEMG signal was tested by asking participants to contract the involved 
musculature by performing basic movements. 

2.3.4. sEMG Maximal Voluntary Isometric Contraction Measurements  

The sEMG data were normalised as a percentage of MVIC. For the normalisation, before the 
performance of the testing conditions and after a light warm-up, three MVIC tests against manual 
resistance were performed for all the analysed muscles. After measurements, the worst set was 
discarded, and the mean of the two more similar sets were considered for sEMG normalisation, 
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establishing the average root-mean-square (RMS) values of them as MVIC reference values (100% 
MVIC). The Intraclass Correlation Coefficient (ICC2,1) was used to calculate the intra-session relative 
reliability of the selected MVICs. The MVIC protocol was performed as established in previous 
research [54]. For the RA, participants executed MVICs from a trunk flexion counter-resisted 
movement (ICC2,1) = 0.999), and MVICs from a lateral bend and twist counter-resisted movements 
for the EO (ICC2,1= 0.998 for the LEO and 0.999 for the REO) and the IO (ICC2,1 = 0.999 for the LIO 
and 0.999 for the RIO). For the back-extensor LES muscle, participants performed MVICs in a trunk 
extension counter-resisted movement from a Biering-Sorensen position (ICC2,1= 0.999). The MVICs 
were sustained for 5 s, resting for 5 min between the three MVIC sets to reduce the possibility of 
neuromuscular fatigue. Participants were encouraged with motivating verbal feedback to help them 
achieve the maximal efforts. 

2.3.5. sEMG Data Collection 

Three different sets of 10-s isometric contractions for each plank variation were performed from 
a cranio-cervical posture supervised and corrected by two different researchers. Participants were 
also ordered to preserve the pelvis, the lumbar and thoracic spinal segments, and the scapulae in a 
neutral position since changing these joint positions could modify the sEMG activation of the 
examined muscles [32,34,37]. If participants could not preserve a correct trunk or head posture during 
the 10 s of data collection, the measurement was discarded and repeated.  The order for each plank 
variation was randomised through a balanced Latin Square method to reduce possible confounding 
effects on the collected data [34]. To minimise the probability of residual neuromuscular fatigue, a 5-
min rest between conditions was determined. Figure 2 shows images of the performance of the 
different testing conditions. 

 

Figure 2. Different testing conditions: EXTENSION (A), NEUTRAL (B) and FLEXION (C). 
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2.3.6. sEMG Data Analysis 

The sEMG data were recorded using the MegaWin software (MegaWin® 3.0; Mega Electronics 
LTD), stablishing the sampling frequency at 1000 Hz, and were bandpass filtered (12 - 450 Hz) with 
a fourth-order Butterworth filter. The analogue signal was transformed to a digital signal through an 
A/D converter (National Instruments, New South Wales, Australia). Upon visual inspection of all 
collected data to eliminate any potential measurement artefacts, the raw sEMG signals were 
registered on a computer for subsequent examination. Later, the average RMS value for all muscles 
was analysed for a 10-s period with the LabVIEW software package (National Instruments, TX, USA). 
To calculate the sEMG average RMS values, the length of the time window of the moving RMS 
method was established at 500 ms. Next, the least reliable set was removed, and the mean of the two 
most alike sets were used for sEMG data analysis. The intra-session relative reliability of the selected 
sets was calculated using the ICC(2,1). Apart from the individual sEMG muscle response across 
conditions, the overall sEMG muscle activity produced in each experimental condition, designated 
as total intensity (TI), was also considered for later analyses. TI was referred to as the sum of the 
normalised sEMG values of the six core muscles analysed, as already used in other related studies 
[31,34]. 

2.3.7. Kinematics Data Collection 

Each testing condition was recorded from the sagittal plane through a 2D motion-capture system 
(Qualisys, Gothenburg, Sweden), controlling that no changes in the cranio-cervical posture occurred 
during the performance of every plank variation. The 2D motion-capture camera was located 145 cm 
from the participant and 50 cm from the ground. The lumbopelvic-hip complex was also controlled 
to remain in a neutral position, as changes in these joint positions can have a significant effect on the 
SEMG signal amplitude of the muscles studied [32,34,37]. Thus, each specific cranio-cervical position, 
as well as the shoulder, humerus, hip and pelvis positions were also controlled by placing seven 
passive retro-reflective markers on the following anatomic locations: cranium (right side of the head, 
located over the centre of the sphenoid bone (named TEMPLE)); cervical spine (the spinous process 
of the 7th cervical vertebra (C7)); left and right shoulder, placed on the acromion protuberance); 
humerus (most caudal point on lateral epicondyle); pelvis (iliac crest (midway between anterior-
superior iliac spine and posterior-superior iliac spine, (ASIS-PSIS)) and hip (greater trochanter of the 
femur (GT)) [55–58]. Figure 2 shows the location of the markers. Additionally, one passive retro-
reflective marker was also placed on the ground (LAND), in a vertical straight line from the TEMPLE 
marker, from a neutral cranio-cervical position. The neutral cranio-cervical position was defined as 
the lying face-down position within the prone plank performance, with a supervised neutral 
alignment of the cervical spine. This position was established as the starting point and thus as the 
reference position for angular ROM measurements. Both extremes of the flexion-extension ROM 
reached by the participants were established as the measuring points of FLEXION and EXTENSION 
conditions, respectively. Then, the angular ROM between the TEMPLE and C7 as well as the distance 
from TEMPLE and the LAND, were registered through the software package Qualisys Tracking 
Manager (Qualisys), monitoring each cranio-cervical posture, controlling each lumbopelvic-hip 
movement, and detecting the eventual postural changes occurred in every sEMG measurement. 

2.3.8. RPE data collection 

The 0-10 OMNI-RES scale was utilised to measure the degree of perceived exertion of the 
different testing conditions [48]. Each individual RPE was registered at the end of each 10-s trial 
ensuring that the RPE was referred to the experimental condition performed. Following data 
collection, the mean of the two most similar sets chosen for sEMG data analysis was applied to the 
RPE data analysis as well. Therefore, the intra-session relative reliability of these selected sets of RPE 
was determined using ICC(2,1). A printed copy of the scale was utilised as visual feedback, assisting 
the participants in their responses. 
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2.4. Statistical analyses 

The SPSS Package, version 24.0 (SPSS Inc. Chicago, IL, USA) was used for the statistical analyses. 
After testing the normal distribution of the data with the Shapiro-Wilk test (p > 0.05) and verify the 
homogeneity of the variance with the Levene’s test (p > 0.05), a 2-way (muscle x condition) repeated-
measures analysis of variance (ANOVA) was carried out to explore the sEMG differences across 
muscular responses and experimental conditions. Significant interactions between factors were 
analysed using DMS post-hoc test. Statistical significance was set at p ≤ 0.05. 

The relative reliability of the MVIC tests, the RPE assessments, and the sets of plank variations 
performed during the experimental session was evaluated using 2-way random effect model ICC(2,1) 
[59]. ICC(2,1) values were interpreted according to the following criteria: excellent (0.90-1.00), good 
(0.70-0.89), fair (0.50-0.69), low (<0.50) [60]. The confidence interval limits were calculated at 95% for 
selected sets of plank conditions, TI values and RPE assessments. Effect size (ES) for differences across 
conditions was estimated using Hedges g [61], with the following scale to categorise the magnitude 
of this ES: < 0.2 = trivial; 0.2–0.5 = small; 0.5–0.8 = medium; 0.8–1.3 large; and > 1.3 very large [61]. All 
variables are reported as mean ± Standard Deviation (SD). 

3. Results 

3.1. sEMG Differences Across Muscles 

Table 2 shows the mean and SD values of the normalised sEMG muscle response (%MVIC), as 
well as the ICC(2,1) and 95% confidence interval (CI) values for all analysed core muscles across the 
different testing conditions. For NEUTRAL, no significant differences on sEMG muscle activity were 
observed across all abdominal musculature (RA-LEO, p = 0.541; RA-REO, p = 0.264; RA- LIO, p = 
0.381; RA-RIO, p = 0.737; LEO-REO, p = 0.656; LEO-LIO, p = 0.828; LEO-RIO, p = 0.768; REO-LIO, p = 
0.809; REO-RIO, p = 0.433; LIO-RIO, p = 0.588). However, compared to each abdominal muscle, the 
sEMG response of the back-muscle LES was significantly lower (LES compared to the RA, REO, LEO, 
LIO and RIO: p = 0.000). 

Table 2. Muscle activation (%MVIC) during the three experimental conditions*. 

Experimental Conditions 

EXTENSION 

ICC(2,1) 0.942 0.974 0.939 0.926 0.951 0.976 

95% CI 18.71-48.71 4.23-6.43 22.52-40.36 22.88-36.46 24.68-49.06 26.42-47.21 

Mean ±SD 33.71±32.06 5.33±2.34 31.44±16.74 29.67±14.51 36.87±26.05 36.82±22.22 

        

FLEXION 

ICC(2,1) 0.939 0.740 0.945 0.759 0.943 0.982 

95% CI 41.73-79.65 4.16-6.23 30.52-55.16 26.82-42.48 42.79-68.03 42.99-70.75 

Mean ±SD 60.69±40.51 5.19±2.20 42.84±23.12 34.65±16.72 55.41±26.96 56.87±29.66 

        

NEUTRAL 

ICC(2,1) 0.986 0.968 0.975 0.946 0.982 0.992 

95% CI 20.93-45.47 3.58-4.98 23.21-36.47 21.75-33.02 21.69-35.60 22.42-40.50 

Mean ±SD 33.20±26.23 4.28±1.49 29.84±12.44 27.39±12.04 28.64±14.86 31.46±19.32 

 Muscles RA ES LEO REO LIO RIO 

*MVIC = maximal voluntary isometric contraction; RA = rectus abdominis; LES = lumbar erector spinae; LEO = 
left external oblique; REO = right external oblique; LIO = left internal oblique; RIO = right external oblique; SD = 
standard deviation; CI = confidence Interval; ICC(2,1)  = intraclass correlation coefficient; NEUTRAL = 
traditional prone plank; FLEXION = traditional prone plank with cranio-cervical active full flexion; EXTENSION 
= traditional prone plank with cranio-cervical active full extension. 

Similarly, for EXTENSION, no differences on the sEMG muscle activation were detected across 
all evaluated abdominal muscles (RA-LEO, p = 0.752; RA-REO, p = 0.551; RA- LIO, p = 0.640; RA-RIO, 
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p = 0.646; LEO-REO, p = 0.806; LEO-LIO, p = 0.449; LEO-RIO, p = 0.454; REO-LIO, p = 0.288; REO-
RIO, p = 0.292; LIO-RIO, p = 0.994). However, the LES showed significantly lower sEMG activation 
compared to each abdominal muscle (LES compared to the rest of abdominal musculature: p = 0.000).  

However, statistical differences on sEMG muscle activity across all abdominal muscles were 
found for FLEXION. Particularly, FLEXION elicited a higher sEMG activation of the RA compared 
to both EO (RA-LEO, p = 0.044; RA-REO, p = 0.002) but not in comparison to both IO (RA-LIO, p = 
0.524; RA-RIO, p = 0.645). FLEXION also triggered a higher sEMG response in both IO when 
compared to the REO (LIO-REO, p = 0.013; RIO-REO, p = 0.008) but not to the LEO (LIO-LEO, p = 
0.154; RIO-LEO, p = 0.112). No significant differences were observed when comparing the both sides 
of external and internal obliques, (REO-LEO, p = 0.352; RIO-LIO, p = 0.860). Finally, the sEMG 
activation on the LES during FLEXION remained significantly lower in comparison to each one of 
the analysed abdominal muscles (LES-RA, p = 0.000; LES-LEO, p = 0.000; LES-REO, p = 0.001; LES-
LIO, p = 0.000; LES-RIO, p = 0.000). 

3.2. sEMG Differences Across Conditions 

Figure 3 represents the percentage of change in normalised sEMG muscle activity (Δ%MVIC) 
across the different plank variations for all core muscles examined. The RA showed higher sEMG 
activation in FLEXION compared to NEUTRAL (p = 0.012) and to EXTENSION (p = 0.013). However, 
no significant differences were observed for the RA between NEUTRAL and EXTENSION conditions 
(p = 0.962). The LES showed no significant differences across all experimental conditions (NEUTRAL-
FLEXION, p = 0.163; NEUTRAL-EXTENSION, p = 0.110; FLEXION-EXTENSION, p = 0.835). For the 
LEO, FLEXION elicited a greater sEMG response compared to NEUTRAL (p = 0.047), but not 
compared to EXTENSION (p = 0.079). Also, no significant differences between NEUTRAL and 
EXTENSION conditions were found (p = 0.802). For the REO, no statistical differences for FLEXION 
were observed when compared to NEUTRAL (p = 0.120) or when compared to EXTENSION (p = 
0.284). Likewise, no significant differences between NEUTRAL and EXTENSION conditions were 
detected (p = 0.622). Both the LIO and RIO elicited higher sEMG activation levels in FLEXION in 
comparison with NEUTRAL (for the LIO: p = 0.001; for the RIO p = 0.002) and EXTENSION (for the 
LIO: p = 0.015; for the RIO p = 0.011). However, no significant differences were found on the 
NEUTRO-EXTENSION comparison (for the LIO: p = 0.268; for the RIO p = 0.485). 
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Figure 3. Change of normalised electromyographic activity (Δ%MVIC) of the rectus abdominis (RA), 
lumbar erector spinae (LES), left external oblique (LEO), right external oblique (REO), left internal 
oblique (LIO), and right internal oblique (RIO) across experimental conditions. N = traditional prone 
plank; F = traditional prone plank with cranio-cervical active full flexion; E = traditional prone plank 
with cranio-cervical active full extension. ES = Effect Size. 

3.3. Total Intensity and Rating of Perceived Exertion 

Table 3 presents mean, SD, and 95% CI of TI, as well as the mean, SD, 95% CI, and ICC(2,1) of 
RPE values, for the three prone plank variations analysed. Regarding TI values, expressed in %MVIC, 
the FLEXION variation significantly elicited higher sEMG response in overall core muscles in 
comparison to the NEUTRAL and EXTENSION variations. Otherwise, no differences were found 
between the NEUTRAL and EXTENSION conditions (p = 0.489, ES = 0.253). In terms of RPE, both 
FLEXION and EXTENSION results were significantly greater, compared to NEUTRAL, and showed 
no significant differences between FLEXION and EXTENSION conditions (p = 0.653, ES = 0.000). 
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Table 3. Comparison of TI (%MCIV) and RPE (0-10 OMNI-RES scale) between the three experimental 
conditions*. 

 TI RPE 

Testing Conditions Mean ± SD 
95% CI 

Mean ± SD 
95% CI 

ICC(2,1) 
Low High Low High 

NEUTRAL 23.772 ± 10.237 18.981 28.563 3.225 ± 1.280 2.626 3.824 0.966 
FLEXION 39.366 ± 15.389# 32.163 46.567 4.750 ± 1.717‡ 3.947 5.554 0.962 

EXTENSION 26.692 ± 13.634 20.310 33.073 4.525 ± 1.686† 3.736 5.314 0.931 
* MVIC = maximal voluntary isometric contraction; TI = total intensity; RPE = rating of perceived exertion; SD = 
standard deviation; CI = confidence interval; ICC(2,1) = intraclass correlation coefficient; NEUTRAL = traditional 
prone plank; FLEXION = traditional prone plank with cranio-cervical active full flexion; EXTENSION = 
traditional prone plank with cranio-cervical active full extension. #Significantly higher compared to the rest of 
variations, both NEUTRAL (p = 0.000, ES = 1.230) and EXTENSION (p = 0.004, ES = 0.907). ‡Significantly higher 
compared to NEUTRAL (p = 0.003, ES = 0.980). †Significantly higher compared to NEUTRAL (p = 0.011, ES = 
0.980). 

3.4. Kinematic Analysis 

The results of the kinematic analysis showed that the angular ROM between C7 and TEMPLE, 
as well as the distances from the LAND to TEMPLE, did not change for each condition during the 10-
s period of the sEMG measurement. Similarly, no changes in ASIS-PSIS and GT marker positions 
were observed during the experimental conditions in the lumbopelvic-hip complex. Specifically, the 
averaged full angular ROM for the cranio-cervical flexion-extension, measured from C7 to TEMPLE, 
was 102.01 ± 17.99º. Within this angular full ROM, the NEUTRAL condition showed measured values 
of 0º for each participant, as reference point of initial angular ROM. Then, the measured angular 
values for FLEXION were 60.88 ± 11.14º, and for EXTENSION were 41.13 ± 10.35º. The resulting 
values for the distance from the LAND to TEMPLE was for NEUTRAL 28.25 ± 2.27 cm; for FLEXION 
19.89 ± 2.95 cm; and for EXTENSION 44.84 ± 3.09 cm. 

4. Discussion 

This study investigated whether the cranio-cervical position influences the core muscle activity 
when performing the traditional prone plank exercise. Our hypotheses were partially confirmed by 
showing that the specific cranio-cervical position modulated the abdominal response, providing the 
greatest sEMG activation by performing the prone plank in a cranio-cervical flexion posture. This 
shift on the sEMG was significant both in terms of TI and individually in each of the abdominal 
muscles, although this effect was slighter for the EO. Nevertheless, contrary to our initial hypothesis, 
the LES activity remained at similar values along the three experimental conditions evaluated, 
thereby indicating no influence of cranio-cervical position in the measured lower back musculature. 
Additionally, supporting our initial hypothesis, participants perceived the highest levels of exertion 
when the cranio-cervical position varied from the neutral position, regardless of the sEMG responses. 
These findings evidence the influence that cranio-cervical position have in modulating the intensity 
of core muscle recruitment and the perceived effort of the participants during the performance of the 
traditional prone plank, particularly when placing the head and the cervical spine in a flexion 
posture. 

4.1. Comparison of sEMG Activation Across Muscles and Conditions 

Results from the kinematic controlled sEMG analysis revealed that the intensity of the muscular 
responses differed amongst testing conditions. To classify as low-to-high intensity of these responses, 
the criteria of related research were used [62,63]. The NEUTRAL condition was considered the 
reference plank performance for determining the extent of influence of the other two experimental 
conditions. Both in terms of TI and for each abdominal muscle assessed, this plank variation 
produced similar levels of moderate activity. Otherwise, the LES activity remained unchanged, 
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showing a low muscle activity – around 5% MVIC – thereby indicating no influence of cranio-cervical 
position on the lower back muscle activity. The consistency of these findings with previous research 
indicates a similar standard performance of this traditional bridging exercise [20,32,63,64]. 
Interestingly, EXTENSION caused a similar effect on the core activation as NEUTRAL, showing 
parallel amplitudes of moderate abdominal activity as well as low activity in the LES. In terms of TI, 
the compounded sEMG response only varied by 2.92% MVIC (ES = 0.253) by placing the head at the 
end of the cranio-cervical extension range. This slight increase in the sEMG response produced a non-
significant variation across muscles, as shown in Figure 3. 

However, when participants were asked to place an active cranio-cervical full flexion posture, 
they experienced a significant intensification in the magnitude of the overall abdominal response, 
although its extent was different depending on the muscle group analysed. The greatest sEMG 
response to FLEXION was detected for the RA and both IO sides. Both muscles almost achieved levels 
of very high muscle activity, reaching values of 60% MVIC for the RA and around 56% for both sides 
of the IO. Based on previous research, this may be due to a greater muscular effort to provide the 
necessary active stiffness by synergistic cocontraction of the deep and superficial core muscles to 
supply more efficiently the stabilising and weight-bearing demands for this FLEXION variation [10–
12,16,17,31]. For the EO muscles, the sEMG response was moderate, differing slightly between both 
EO sides, and did not change for the LES which continued showing low levels of muscle activity in 
FLEXION as well. 

When comparing across conditions, the sEMG increase from NEUTRAL to FLEXION highlights 
a large effect for the RA and IO activity and a small effect for the LES and EO muscles, as can be seen 
in Figure 3. A similar effect occurred when comparing FLEXION and EXTENSION – but milder 
compared to NEUTRAL –. The integrated sEMG response of TI significantly raised by 15.59% MVIC 
by placing the head to the end of the flexion range. This effect was similar but smaller when 
comparing from the extension to the flexion ranges, with a significant variation of 12.67% MVIC. 
Therefore, it can be concluded that cranio-cervical flexion effectively influences abdominal activation, 
increasing neuromuscular recruitment during prone plank. 

4.2. Comparison of RPE across conditions 

The results of the RPE assessments revealed that the intensity of the perceptual responses 
differed between the test conditions. Participants perceived a low effort during the NEUTRAL 
performance of the prone plank. However, the reported exertion was higher only by modifying the 
cranio-cervical position from NEUTRAL to FLEXION, showing a significant variation of 1.53 points 
in the OMNI-RES scale, according to the sEMG response.  Interestingly, despite the no change in 
sEMG activity, the perceived level of effort had a significant increase of 1.30 points when switching 
from NEUTRAL to EXTENSION. However, no differences were found in the RPE between FLEXION 
and EXTENSION, although there were significant differences in sEMG activity. RPE has previously 
been used as an indicator of exercise intensity and neuromuscular fatigue of the core muscles for this 
stabilisation bridge exercise [35,36]. Related studies have reported how different pelvic and scapular 
positions, as well as the performance of specific lumbar stabilisation manoeuvres, can modulate 
participants' RPE and intensify perceived neuromuscular fatigue when the prone plank differs from 
traditional performance [31,34]. In this sense, our findings would seem to corroborate the fact that 
perceived neuromuscular fatigue is affected when the prone plank differs from typical performance 
by showing how participants rated the highest levels of exertion when the cranio-cervical segment 
was modified from the natural alignment of the cervical spine, increasing their RPE regardless of core 
muscle activity. 

4.3. Biomechanical foundations and hypotheses 

The suitable technique to perform the prone plank should involve that the core stabilising 
system should be able to provide a proper muscle activation while effectively preserve the neutral 
zone of the spine by maintaining all the natural spinal curvatures within physiologic ranges to 
minimise the passive tissue stress [12,27,28]. This need of controlling the spine posture requires to 
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know in depth how the core works in this essential stabilisation exercise for instructing and correcting 
patients or athletes to achieve an appropriate muscle activation and spine posture [6,28]. Previous 
studies of the prone plank have reported how the abdominal activity can be influenced by the 
position of certain joint regions, linking their specific position to the magnitude of the sEMG and RPE 
response [32,34,37–39]. Consequently, it was necessary to test whether the cranio-cervical region 
could influence the abdominal response during the prone plank, as this aspect remains unclear. 

This appears to be the first study investigating this question. Hence, there is limited scientific 
evidence linking these variables. The relationship between cranio-cervical posture and abdominal 
activation has previously been investigated only in a few studies from the hook-lying supine position 
[40–42,65]. Their results are consistent with our study, showing that the cranio-cervical flexion 
significantly increased RA and IO activity when compared to neutral and extension positions. Thus, 
it could be suggested that this relationship seems to be synergistic, both in supine and prone 
abdominal tasks, increasing the stiffness of the core when the cranio-cervical region tends towards 
the flexion position. This hypothesis could explain why, when a prone plank variation is too 
challenging for some untrained individuals or some fatigued athletes, they may shift towards cranio-
cervical flexion, perhaps instinctively seeking a cranio-cervical position that could involve more 
abdominal stiffness. Although this is a reasonable assumption, it needs to be confirmed by further 
research. 

However, the possible biomechanical linking mechanisms explaining why this phenomenon 
occurs remain unclear. It can be assumed that the enhancement of the sEMG response is due, among 
other factors, to an increase in neural muscle recruitment [66]. When the contraction is isometric, as 
occurring in the prone plank exercise, this increase in abdominal recruitment reflects a greater 
production of force and muscular stiffness to stabilise the trunk [15,16]. This suggests that the active 
cranio-cervical flexion may have had a greater stiffening effect on the abdominal muscles, which 
would ultimately enhance trunk stabilisation during the exercise performance. This phenomenon 
could be related to the translation of the neck and head into a flexed posture, which would modify 
the moment arm around the proximal axis of rotation in the cervico-thoracic spine, inducing greater 
muscular stiffness in the cervical region [67]. If this were the case, it would seem that this stiffening 
effect could facilitate greater abdominal stiffness, linked via the fascial system from the cervical 
region towards the lumbar region via the postural posterior chain [68,69]. Nevertheless, testing these 
hypotheses will require future research. 

Whatever the case, considering the ergonomic and security aspects of the exercise, it is important 
to note that both the FLEXION and EXTENSION conditions involve end-range postures that may 
expose the cervico-thoracic spine to greater compressive loads [67]. From a biomechanical 
perspective, considering the multi-segmental muscular attachments of the neck and head muscles 
and the presumably greater muscle activity of the head and neck flexor and extensor muscles actively 
maintaining these end-range postures, it would be reasonable to assume that higher levels of 
compressive loading may occur within the cranio-cervical area during these variations of the prone 
plank [70,71]. Consequently, the unnatural curved configuration of the cervical region adopted in 
these postures could damage the spine more than the natural neutral position, increasing the 
compressive loads and thus creating a focal point of stress that can lead to postural pain [68,72]. Not 
surprisingly, these two postures were coupled with greater perceived effort in participants than the 
neutral posture. But curiously, it was not clear whether these RPE values were related to the sEMG 
response. It could be speculated that this increased RPE when varying the cranio-cervical posture 
was not only elicited by muscle activation but probably also because these end-range postures with 
non-physiological curvatures involved discomfort, especially arising from the hyperextension of the 
cervical spine during the EXTENSION condition. In fact, there were reports of discomfort during 
extension by some participants, although they did not have neck pain. In conclusion, due to this 
increased mechanical stress on the cervical facet joints, particularly when performing the extended 
position, and considering that this position does not significantly challenge the abdominal 
musculature compared to the neutral position, it would be discouraged to use the full range of 
extension during the prone plank exercise. 
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Finally, the present results show that the only muscle whose sEMG activity did not vary 
significantly was the LES, showing minimal demands for maintaining the static prone plank posture 
regardless of cranio-cervical position. This finding follows previous research showing how lumbar 
activity remains lower during this bridging exercise when performed in a neutral cranio-cervical 
position [20,32,63,64]. The lack of effect of EXTENSION on LES activity could be explained 
biomechanically, as this posture is achieved via the thoracic and cervical spinal extensors and would 
therefore not require activation of the lumbar extensors [73]. Future studies evaluating sEMG 
activation on the thoracic or cervical components of the back-erector musculature when performing 
different cranio-cervical positions in the prone plank should be addressed. 

4.4. Practical Applications and Implications for Future Practice 

The way in which the prone plank exercise is executed is essential since it can involve different 
loads on the spine and different levels of core activation [29–32,34]. Consequently, it is important to 
investigate all the variables influencing the proper performance of this exercise because, otherwise, 
this misunderstanding could make the same exercise painful [6,28]. In this sense, the present findings 
provide a new understanding of the behaviour of the trunk musculature in this essential core exercise. 
Therefore, when using the prone plank as part of core stabilisation training, clinicians, 
physiotherapists, and fitness professionals should consider, this demonstrated increase in sEMG 
during FLEXION and no change in sEMG during EXTENSION, when compared to NEUTRAL. 

Although the different cranio-cervical positions in the prone plank and the corresponding spinal 
loads for each of these positions need to be evaluated in future studies, the influence of these postures 
on core muscle activity has been described in this study. Knowledge of these results could help to 
graduate the intensity of muscle recruitment during the prone plank based on the influence that the 
changes produced in the cranio-cervical region have on the sEMG activity of the core musculature. 
In addition, these findings may be useful in providing practical guidance on the initial challenge, 
corrective technique, progression, and choice of exercise variation. 

Our findings also indicate that future studies evaluating the core sEMG activity during bridging 
exercises should monitor not only the pelvic and shoulder girdle areas, following previous research 
[32,34], but also the cranio-cervical region. Moreover, when performing field tests using the prone 
plank protocol to assess the postural control of the lumbar spine, the posture of the cranio-cervical 
region should be controlled to guarantee the validity of the evaluations. Additionally, future research 
should assess the extent to which the cranio-cervical region and other pelvic, scapular and/or limb 
positions interact and influence each other during the prone plank or other bridging exercises such 
as side and back bridges, to gain a deeper understanding of trunk muscle behaviour during core 
stabilisation training. 

The present findings have some methodological limitations. First, the relatively small sample 
size of 20 participants could have affected the results, principally to explain why some statistical 
effects on abdominal muscles were not more clearly observed, especially related to the bilateral 
differences in EO muscle activity. Therefore, more research with a further sample size should be 
proposed to clarify the activity on the EO muscles.  Second, this investigation included only healthy 
participants, experienced in core stabilisation training, without back or neck pain or disorders. 
Although analogous findings could be expected in clinical populations, it could be possible that the 
existence of injuries or back or neck pain could result in different sEMG responses [74]. Consequently, 
these findings cannot directly extrapolate to symptomatic populations. Further cross-sectional 
studies with symptomatic participants should be addressed to prove our results in these clinical 
samples. 

5. Conclusions 

The results showed that FLEXION resulted in the most challenging plank variation for the core 
by providing the greatest sEMG responses, whereas EXTENSION did not enhance the abdominal 
sEMG response from the NEUTRAL performance. In addition, results evidenced the no influence of 
the cranio-cervical region on the lumbar sEMG response. Performance of both FLEXION and 
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EXTENSION caused more perceived exertion in participants than NEUTRAL performance, 
regardless of abdominal sEMG activity. These findings evidence the influence of the cranio-cervical 
region in effectively modulating the muscle activation of the abdominal wall and RPE of the 
participants depending on its specific posture during the plank performance. These findings may 
provide physical therapists and fitness professionals with new guidelines that should be considered 
when using this exercise as part of core stabilisation training in rehabilitation and sports programmes. 
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