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Abstract
Background: Massage is a common treatment in physiotherapy, often used as a prophylaxis or during recovery 
following a musculoskeletal contusion. One form of therapeutic massage is deep tissue massage (DTM), which 
has become more popular in recent years as a way of performing targeted work with the myofascial system.
Aim of the study: The aim of the study was to examine the effectiveness of deep tissue massage on superficial 
back line flexibility (hip flexion and knee extension range of motion - ROM). 
Material and methods: Elite volleyball players (n=15), age: 22.8 ± 4.41 years; mass: 82.67 ± 6.99 kg; height: 
1.96 ± 0.08 m) were recruited for this study. Deep tissue massage of the myofascial superficial back line was 
performed from the plantar fascia through the gastrocnemius and soleus muscles, the hamstrings to the ischial 
tuberosity (based on Myers, 2014). Hip flexion and knee extension ROM were measured at rest both before and 
after DTM. The Wilcoxon signed-rank test was used to compare pre and post values during the intervention.
Results: Following deep tissue massage, there was significant improvement in superficial back line flexibility, 
demonstrated by an increase in hip flexion angle compared to pre-DTM values in both lower limbs. Right lower 
limb pre-DTM 1.86±0.66; post 2.79±0.43 (p<0.005), left lower limb pre-DTM 2.36±0.74; post 2.79±0.43 (p<0.028). 
There was also significant improvement in superficial back line flexibility demonstrated by an increase in knee 
extension angle post-DTM in both lower limbs. Right lower limb pre-DTM 69.79°±10.8; post 81.43°±6.06, left 
lower limb pre-DTM 73.07°±11.45, post 82.50°±8.39).
Conclusions: Deep tissue massage increases the flexibility of the superficial back line and can be used as a form 
of increasing range of motion in the hips and knees.
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Background
Massage is a common treatment in physiother-

apy. It can be used as a form of prophylaxis or during 
recovery following a musculoskeletal contusion [1]. 
One form of therapeutic massage is deep tissue mas-

sage (DTM), which has become more popular in recent 
years as a way of working with the myofascial system 
[2]. In deep tissue massage, techniques include myofas-
cial release, trigger point pressure release and elements 
of structural bodywork such as structural integration/
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Rolfing®. The essence of this therapy is to restore bal-
ance and proper function in the musculoskeletal sys-
tem as a whole [3]. Physiotherapists work with soft 
tissue using their forearms, elbows, the palms of their 
hands or their knuckles without the addition of any oil 
or lotion. These are gentle techniques which must be 
used thoughtfully following an initial functional assess-
ment of the patient [4,5]. For this reason, the term DTM 
is utilized here to describe a specific method of mas-
sage therapy, used specifically for the elimination of 
persistent abnormal tension and restrictions within 
the myofascial system by relaxing, lengthening, and 
releasing holding patterns [2,6]. Common indications 
for the use of DTM are locomotor and postural disor-
ders accompanied by functional changes in the myo-
fascial system. For example, this can include reduction 
of tissue flexibility (range of motion), myofascial trig-
ger points (MTrPS), post-traumatic and post-surgical 
soft tissue dysfunction and any other disorders which 
stem from overstraining or compression [4,6]. DTM is 
commonly employed by sports medicine physiother-
apists to improve athletes’ physical capabilities and 
movement efficiency through an increased range of 
motion and muscular function [7]. 

The myofascial system is a network of intercon-
necting tissues that, when functioning correctly, work 
together effectively to allow for efficient movement. 
When muscles and fascia are subjected to some kind 
of strain or compression, fascial restrictions may alter 
normal muscular function through the development 
of myofascial trigger points and increased soft tissue 
stiffness. As a result, the range of motion in a person’s 
joints may similarly decrease, and may be accompanied 
by altered neuromuscular properties and decreased 
muscle strength [7–9]. Current research suggests that 
the skeletal muscles of the human body are directly 
linked by fascia through myofascial chains. Because 
the fascia run in different directions, they are able to 
move and change form in concert with their surround-
ing tissues. For this reason, the myofascial system is 
believed to be one continuous piece of tissue working 
via connected ‘‘chains’’ as a tensegrity structure. Due 
to the increasing popularity of myofascial techniques, 
examining the functional relevance of these chains is 
critical in contemporary research. Further research 
into the transmission of strain along myofascial chains 
could provide a new way of understanding pain, along 
with a basis for developing holistic and evidence-based 
treatment strategies. Based on his anatomical dissec-
tion studies, Tom Myers proposed 6 myofascial merid-
ians, of which one is the superficial back line [10–13]. 

Aim of the study
The aim of the study was to examine the effective-

ness of deep tissue massage on superficial back line 
flexibility (hip flexion and knee extension range of 
motion). 

Material and methods 

Study design
Goniometric measurements were carried out twice 

on the volleyball players, both before and after deep tis-
sue massage. Then, the results were compared. 

Setting 
Studies were conducted from November 2017 to 

March 2018. 

Participants
Study participants included elite national level 

volleyball players (n=15). The criteria for inclusion 
were that the players were injury-free at the time of 
the study, 18 years of age or older, members of an 
elite volleyball team, and actively playing volleyball 
(training and/or matches). Players were excluded if 
they were found to have suffered a lower extremity 
injury or lumbar pathology, including back injury, in 
the previous six weeks. Information regarding age, 
body height and body weight was collected. Height 
was measured to the nearest 0.1 cm with the use of an 
anthropometer and body mass was measured to the 
nearest 0.1 kg with a calibrated digital scale. The gen-
eral characteristics of the participants are as follows  
in Tab. 1.

Table 1. General characteristics of the participants, n=15

Descriptive 
statistics

Age 
[years]

Body height 
[cm]

Body mass 
[kg]

Mean 22,80 195,53 82,67

SD   4,41     8,07   6,99

median 22,00 194,00 84,00

max 33,00 210,00 98,00

min 18,00 187,00 73,00

The participants were given an explanation of the 
study’s purpose and methods, and were required to 
provide informed consent. They were then instructed 
on how to perform the test movements with precision. 
Prior to conducting the study, the researchers obtained 
approval from the Bioethical Commission at the Opole 
Medical School (Nr KB/56/FI/2017). 

Variables
Goniometric measurements were taken with a short 

arm goniometer for both the Active Straight Leg Raise 
test (ASLR) and the Active Knee Extension test (AKE). 
The measurements were carried out twice, both before 
and after deep tissue massage was performed with the 
participants lying in a supine position. The results were 
then compared. 

Data sources/measurement
Active Straight Leg Raise test (ASLR)

Participants lay supine with the lower limb that was 
to be tested actively flexed and the knee fully extended. 
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Statistical methods
The arithmetic mean, standard deviation, median, 

minimum and maximum were calculated for the meas-
urable variables. A non-parametric Wilcoxon signed-
rank test was performed to compare the results between 
the values obtained before and after the intervention. 
The level of α=0.05 was assumed, and the obtained p 
values were rounded to three decimal places. Statisti-
cal analysis was performed using Statistica 12 under 
the license of Opole Medical School.

Results
The mean, standard deviation and p value for the 

ASLR and AKE in Table 2 and 3 were presented. An 
analysis of the data indicated that there were signifi-
cant differences between the pre- and post-DTM meas-
urements.

Tab. 2 shows significant immediate improvement 
in superficial back line flexibility which was demon-
strated by an increase in the hip flexion angle from 
pre-DTM in both lower limbs. The right lower limb pre-
DTM 1.86 mean score ±0.66; post 2.79 mean score ± 
0.43 (p<0.005), left lower limb pre-DTM 2.36 ± 0.74; 
post 2.79 ± 0.43 (p<0.028). 

Table 2. Active Straight Leg Raise test (ASLR) pre- and post-deep 
tissue massage (DTM) [Mean± SD]

ASLR DTM Mean (±SD) p-value

Right lower limb
Pre 1.86±0.66

0.005
Post 2.79±0.43

Left lower limb
Pre 2.36±0.74

0.028
Post 2.79±0.43

Legend: ASLR – Active Straight Leg Raise, DTM – deep tissue massage, SD – 
standard deviation

Tab. 3 shows significant immediate improvement 
in superficial back line flexibility which was demon-
strated by an increase in knee extension angle post-
DTM in both lower limbs. Right lower limb pre-DTM 
69,79°±10,8; post 81,43°±6,06, left lower limb pre-DTM 
73,07°±11,45, post 82,50°±8,39).

Table 3. Active Knee Extension test (AKE) pre- and post-deep tis-
sue massage (DTM) [Mean± SD] 

AKE DTM Mean (±SD) p-value

Right lower limb
Pre 70±11

0.001
Post 81±60

Left lower limb
Pre 73±11

0.001
Post 83±80

Legend: AKE – Active knee extension, DTM – deep tissue massage, SD – 
standard deviation

Tab. 4 shows the percentage of the active straight 
leg raise test with a 1, 2, and 3 point scoring system for 
the professional volleyball players before and after the 
DTM intervention. Before the intervention, more than 

During the movement, the contralateral limb was stabi-
lized and fully extended on the ground. The movement 
stopped when the participant felt strong resistance or 
when researchers observed any pelvic movement. Then, 
the physiotherapist identified the midpoint between 
the anterior superior iliac spine and the patella of the 
other leg, and placed a dowel at this position, perpen-
dicular to the ground. The participant received a score 
of 3 when the vertical line of the medial malleolus of 
the tested lower limb stood between the mid-thigh and 
the ASIS. The participant scored a 2 when the vertical 
line of the medial malleolus of the tested lower limb 
stood between the mid-thigh and the knee joint. The 
participant scored a 1 was when the vertical line of the 
medial malleolus of the tested lower limb stood below 
the knee joint. The other lower limb remained fully 
extended on the ground [14].

Active Knee Extension Test (AKE)
The participant was asked to perform an active 

extension movement at the knee joint (with the hip 
flexed at 90°), and was instructed to stop when they 
felt strong resistance to the movement. The tested 
limb was flexed at the hip until the thigh stood at a 90° 
angle with the table. The contralateral limb was fully 
extended and stabilized in neutral rotation. With the 
knee flexed at 90°, a goniometer was placed over the 
lateral femoral condyle, with 1 arm aligned with the 
thigh and the other arm aligned with the calf. From 
this position, the participant was instructed to extend 
the knee until they felt a strong resistance, and hold 
this final position for 2 to 3 seconds to allow the goni-
ometric reading to be taken. The result was recorded 
in degrees of the knee-extension movement, starting 
from the initial test position (knee flexed at 90°). After 
the goniometric reading, the tested leg resumed the 
resting position, after which the same procedure was 
done with the second leg. Between the AKE and the 
ASLR measurements, subjects rested for 5 minutes.

Superficial back line deep tissue massage
Each participant received deep tissue massage from 

a certified physiotherapist for 30 minutes on both lower 
limbs in the prone position. The intervention was per-
formed according to the following sequence: from the 
plantar fascia through the gastrocnemius and soleus 
muscles, the hamstrings (the semimembranosus, the 
semitendinosus, the biceps femoris long head and the 
biceps femoris short head) to the ischial tuberosity. 
The speed and depth of the DTM, along with a num-
ber of muscle repetitions, was selected individually 
for each player to maximize the therapeutic effect of 
the massage. 

Bias
All procedures concerning data collection, meas-

urements and deep tissue massage for a single player 
were executed in the same day and were done by the 
same physiotherapist.
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50% athletes achieved a score less than 3 for both the 
right and left lower limbs. 

Table 4. The percent of active straight leg raise test with 1, 2, 3 
point score in the professional volleyball players pre and post the 
DTM intervention.

n=15 % pre DTM % post DTM

Score Right lower 
limb

Left lower 
limb

Right lower 
limb

Left lower 
limb

3 20 47 80 80

2 53 40 20 20

1 27 13 0 0

Discussion

Key results
This study investigated aspects of the effects of deep 

tissue massage on the flexibility of the superficial back 
line through an Active Straight Leg Raise test (ASLR) 
and Active Knee Extension test (AKE). The ASLR test 
assesses the ability to disassociate the lower extrem-
ity from the trunk while maintaining stability in the 
torso, as well as tests superficial back line flexibility 
while maintaining a stable pelvis and trunk [14]. When 
a patient achieves a score less than 3, the limiting fac-
tor must be identified by the physiotherapist. Clinical 
documentation of limitations can be obtained by using 
other tests such as the Thomas test or a sit and reach 
test. When a patient achieves a score of 2, there is a 
possibility of asymmetric hip mobility limitations, uni-
lateral muscle tightness or stability dysfunction of the 
non‐moving limb and trunk. When an athlete scores a 
1 or less, hip mobility limitations are common [14]. In 
this study, before the intervention, more than 50% of 
the athletes achieved a score less than 3 for the right 
and left lower limbs (Tab. 4). Poor performance during 
ASLR tests can be the result of many factors. First, and 
most importantly in this study, the athlete may lack a 
functional hamstring muscle group or functional gas-
trocnemius in terms of fascial flexibility. Moreover, the 
athlete may have inadequate mobility in the opposite 
hip, which may be associated with psoas major muscle 
inflexibility and an anteriorly tilted pelvis [14]. Immedi-
ately after the intervention, 80% of the athletes achieve 
a score of 3 for both lower limbs (Table 4). According 
to our data (Tab. 2), a significant increase in hip angle, 
which correlates with a 3 point score in the ASLR, sug-
gests that deep tissue massage induces greater range 
of motion and flexibility of the superficial back line, 
possibly through an increased stretch tolerance or an 
increased compliance of the superficial back line mus-
cle group. Other researchers have reached similar con-
clusions [15,16]. 

Interpretation
The Active Knee Extension test is one of the most 

commonly used measures for the assessment of flexi-
bility and hamstring length changes [17–20]. The result 

of this study showed that DTM increases immediate 
post intervention knee range of motion. It is worth 
noting that knee range of motion (ROM) is neces-
sary for both sports and daily activities, and loss of 
full ROM can have detrimental effects on the func-
tion of the entirety of the lower limbs. For example, 
decreased extension ROM can cause an altered gait pat-
tern, which can affect the ankle and hip and cause dif-
ficulty with running or jumping. Moreover, the loss of 
knee extension can result in anterior cruciate ligament 
reconstructions, total knee arthroplasties and other 
musculoskeletal injuries involving the knee joint [21]. 
Deep tissue massage is the commonly used treatment 
for improving ROM in physiotherapy, though little is 
known about its efficacy, especially in lower limb flex-
ibility. Eriksson Crommert et al. described the effects 
after a seven-minute medial gastrocnemius massage 
in which researchers observed a decrease in muscle 
stiffness, measured via elastography, immediately post 
intervention. It is interesting that this effect was short 
and returned to baseline values quickly after cessation 
of the massage [22]. Recent research about injury pre-
vention in athletes suggests that increased flexibility 
in the hamstring muscle group is one of the modifiable 
risk factors for the most common musculoskeletal inju-
ries in the lower limbs [23– 25]. Literature suggests that 
DTM, and a related reduction of restriction or fibrous 
adhesion between layers of myofascial tissue, can con-
tribute to muscle strain and other pathological processes 
such as TrPs [26,27]. These facts are clinically impor-
tant to physiotherapists who specialize in sports med-
icine and musculoskeletal conditions, especially when 
evidence-based treatment strategies are required. 

Generalizability
Flexibility is an important physical parameter often 

related to both muscle injury and athletic opportuni-
ties. Therefore, poor flexibility of the myofascial chains, 
especially affecting the hamstring muscle group, has 
been considered as a contributor not only to muscle 
strains but also to other conditions such as patella 
tendinopathy or back pain [17,23,28]. Clinicians rou-
tinely assess superficial back line muscle group length 
in patients with injuries to their musculoskeletal sys-
tem, as well as in athletes when judging readiness to 
return to sports following an injury. They conduct 
this assessment using methods including the Straight 
Leg Raise test (SLR), the Passive Knee Extension test 
(PKE) or the Active Knee Extension test (AKE) [18]. 
Recent research suggests massage may have a positive 
effect and be a way of improving the recovery process 
after physical exercise, both in sports and in rehabili-
tation contexts [29]. Massage as a recovery technique 
may increase muscular blood flow and reduce muscle 
edema in delayed onset muscle soreness, reduce per-
ceived fatigue and concentrations of cytokines in the 
blood after exercise, aid normalization of the auto-
nomic nervous system, increase the secretion of cer-
tain hormones and lower blood pressure [1,15,30–32]. 
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Massage is also utilized to improve flexibility or reduce 
stiffness in myofascial tissue through the stimulation 
of mechanoreceptors [33]. However, there is a lack of 
supporting evidence that such mechanical effects occur 
and future research is still needed [34]. 

Limitations
Further studies on the effectiveness of deep tissue 

massage should be conducted with a larger number of 

participants, randomized control, objective measure-
ments and a follow-up study. 

Conclusions
Deep tissue massage increases flexibility of the 

superficial back line and can be used as a form of increas-
ing hip and knee range of motion. However, this study 
design limits the interpretation of these findings.
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