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Abstract
Background: Plank exercise (PE) is an effective ex-
ercise to enhance lower back stability by strengthen-
ing the core and lower limb muscles. However, in pa-
tients with a shortened hamstring muscle (HAM), PE 
may cause abnormal movement of the pelvis and low-
er back due to HAM hyperactivity. Therefore, the ob-
jective of this study was to investigate the effects of 
PE on the core muscles and HAM in subjects with a 
shortened HAM. 
Design: Cross-sectional study.
Methods: Subjects were divided into a normal length 
of HAM group (NHG; 9 subjects) and a shortened 
length of HAM group (SHG; 14 subjects). The activ-
ities of the erector spinae (ES), rectus abdominis 
(RA), external oblique (EO), and HAM muscles were 
measured using surface electromyography. 
Results: The results showed that RA, EO, and ES 
muscle activities were higher in the NHG than in the 
SHG; however, no significant differences were 
detected. 
Conclusion: HAM activity was significantly higher in 
the SHG than in the NHG. In subjects with a short-
ened HAM, PE may hyperactivate the HAM, ad-
versely affecting the pelvis and lower back.

Key words: Core muscles, Hamstring, Muscle short-
ness, Muscle tightness, Plank exercise.
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Ⅰ. Introduction

Plank exercise (PE) is an exercise commonly used to improve lumbar stability and body movement, and to prevent 

and rehabilitate back injuries (Snarr and Michael RE, 2014). PE enhances sports performance by increasing the activity 

of core muscles, such as the external oblique (EO), internal oblique (IO) and transverse abdominis (TrA) muscles 

(Cosio-Lima et al., 2003; Yoon et al., 2015; Park et al., 2020). Strengthening core muscles through PE can reduce the 

incidence of back injuries and improve exercise performance (Duncan, 2009). PE is also effective in the prevention 

and treatment of low back pain, by enhancing the strength and endurance of muscles around the lower back, such as 

the erector spinae (ES) and multifidus muscles, in turn improving lower back flexibility and balance and ultimately re-

ducing the incidence of back injuries (Kwon, 2008). The core region functions as a movement chain for various activ-

ities at the body center; therefore, lower limb function can be enhanced by strengthening the core muscles (de Marche 

Baldon et al., 2012; Han WJ and Son KH, 2019). Thus, PE can increase stability around the trunk by strengthening 

the core muscles and improving lower limb muscles strength and endurance, by enhancing the functional connection 

between the trunk and lower limbs.

Strengthening the hamstrings (HAM) of lower limb muscles can increase the flexibility of the lower back and leg 

muscles, thereby reducing back pain (An, 2005). In addition, it can increase knee stability through co-activation of the 

quadriceps femoris muscle (Park, 2006; Oh, 2013). However, a shortened HAM can cause malalignment of the lumbar 

and pelvis and limit anterior pelvic tilt during lumbar–pelvic rhythm movement, inducing lumbar hypermobility and ulti-

mately resulting in various forms of lumbar-related disease (Kim and Hwang, 2012). PE is an effective exercise to en-

hance lower back stability by strengthening the core and lower limb muscles; however, it may cause abnormal lumbar 

and pelvic movement due to HAM hyperactivity when applied to subjects with a shortened HAM. Therefore, it is neces-

sary to investigate the effects of PE on the core muscles and HAM in subjects with a shortened HAM. In this study, 

we hypothesized that subjects with a shortened HAM would have higher activity in certain muscle groups during PE 

than subjects with a normal HAM length.

Ⅱ. Methods

1. Subjects

Twenty-three subjects volunteered to participate in this study. The selection criteria included the following: no pain 

in the lower back or knee joints during the 6 months prior to the study, no current treatment, no musculoskeletal or 

neurological disorders, and provision of written consent. Following a HAM length examination, subjects were divided 

into a normal length of HAM group (NHG, n = 9) and a shortened length of HAM group (SHG, n = 14).

2. Active knee extension test

The active knee extension test was used to measure differences in HAM length, and as a criterion to divide the sub-

jects into groups. Each subject lay in a supine position, with the pelvis fixed by a pelvic belt, and was instructed to 
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bend the hip and knee joints by 90° while maintaining the ankle joints in a neutral position. The subject was then 

instructed to extend the knee joints slowly without extending the hip joints, and to stop when they felt the HAM begin 

to pull. The knee extension angle was measured using a goniometer. When the knee joint was bent to 90°, this angle 

was designated as 0° to facilitate measurement of the increase in angle during knee extension. Subjects found to have 

a knee flexion angle < 35° in the active knee extension test (Magee, 2013) were classified into the SHG. 

3. Electromyography

The muscle activities of the ES, rectus abdominis (RA), EO, and HAM muscles were measured using a surface elec-

tromyography (4D-SES, RELIVE, Korea). The sampling rate was set to 1,024 Hz, the band-pass filter to 10–500 Hz, 

and the notch filter to 60 Hz. The root mean square (RMS) was calculated at an epoch length of 50 ms. 

Electromyography (EMG) data were analyzed using the RELIVE EMG software (4D-SES, RELIVE, Korea). EMG data 

were normalized by conversion to % maximal voluntary isometric contraction (% MVIC). MVIC ​​was measured by the 

manual muscle testing method (Mendell and Julaine, 1990). We used the average of the middle 3 s of data of the 5-s 

recording period (first and last 1 s were excluded) in the analysis.

4. Plank exercise

Plank exercise(PE) was performed using the following method: in the prone position, the subject was instructed to 

flexion shoulder and elbow to shoulder width, so that the shoulders and elbows were perpendicular and contacting the 

ground with the forearm, and then to fully extend the knees while maintaining neutral spinal position, and contacting 

the ground with the toes. The feet were constantly maintained at pelvic width (Schoenfeld et al., 2014). The subject 

was instructed to keep the head, back, and legs as straight as possible while maintaining the plank position. After a 

training session, the subject practiced until the plank posture became familiar, and then the PE was performed five times 

in total, holding the position for 10 s each time, with a 5-min rest between exercises. We used the average of the 

data obtained during the middle 6 s of the recording period (first and last 2 s excluded) for data analysis.

5. Statistical analysis

All statistical analyses were performed using SPSS software (ver. 20.0; SPSS Inc., Chicago, IL, USA). Independent 

t-tests were performed to determine differences in HAM, ES, RA, and EO muscle activities between groups. 

Significance was determined at α=.05.

Ⅲ. Results

The results showed that ES, RA, and EO muscle activities were larger in the NHG than in the SHG; however, no 

significant differences were detected. HAM muscle activity was significantly higher in the SHG than in the NHG 

(p<.05)<Table 1>. 
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Table 1. Comparisons of trunk muscles and hamstring muscle activation between normal length of ham-
string group and shortened length of hamstring group

NHG (N=9) SHG (N=14)

RA 163.77 ± 130.98a 139.04 ± 90.66

EO 87.21 ± 29.13 83.85 ± 29.32

ES 24.76 ± 16.85 18.54 ± 13.53

HAM* 9.65 ± 2.14 11.52 ± 1.17
amean±SD, *p＜.05, RA=rectus abdominis; EO=external oblique; ES=erector spinae; HAM=hamstring; 
NHG=normal length of hamstring group; SHG=shortened length of hamstring group.

Ⅳ. Discussion

PE is a commonly used core exercise; various studies of PE have been conducted, particularly comparing the effects 

of diverse PE methods on muscle activation. Lee et al(2016) studied ES, EO, and RA muscle activities during PE per-

formed on three different surfaces to determine the surface that induced the highest muscle activity, and suggested that 

this approach should be used to recommend specific PEs to professional athletes and patients with weakened abdominal 

muscles. Kang et al(2016) investigated changes in the thickness and balance ability of the TrA, IO, and EO muscles 

when PE was performed on various supporting surfaces over a 4-week period, to determine the most effective PE meth-

od for healthy subjects. The present study showed that core muscle activity differed between subjects with normal and 

shortened HAMs, although these differences were not significant. This finding suggests that the effects of the same PE 

can vary according to characteristics of subject such as muscle tightness and shortness, asymmetrical right and left mus-

cle length.

HAM injury is the most common injury in athletes, and can be caused by various factors including weakened knee 

flexors (Ekstrand et al., 2012), muscle imbalance between the quadriceps femoris and HAM muscles (Fousekis et al., 

2011), and performing exercise while the long head of the biceps femoris (a HAM muscle) is shortened (Timmins, et 

al., 2016). When there is an imbalance in the muscles around the femur, the strong HAM muscle continues to activate; 

this results in a more severe imbalance between the muscles, in turn inducing HAM injuries and low back pain, which 

are related to patellofemoral pain syndrome (Lardner et al., 2010). In this study, HAM activity tended to increase in 

an effort to maintain hip joint extension during PE, while knee extension posture increased the passive tension in the 

HAM, further stimulating its activity. Therefore, if a person with a shortened HAM performs repetitive PE, HAM stim-

ulation will increase to cause hyperactivity, which may negatively impact the lower back and knee joints.

Ⅴ. Conclusion

When PE is performed by a subject with a shortened HAM, it lead to overactivate the HAM. Due to the negative 

effects of an overactive HAM on the lower back and knee joints, it is recommended that people with a shortened HAM 

perform sufficient HAM stretching before PE or perform alternative exercises to strengthen the core muscles.
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