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Aim: To assess the effects of clinical Pilates exercises (CPE) on the level of pain, functional status, flexibility,
static and dynamic endurance of the trunk muscles and quality of life (QoL) in patients with lumbar disc
herniation. Materials & methods: Individuals were divided into two groups: the CPE (6 weeks, three-times
a week) group (n = 27) and the control group (n = 27). The clinical outcome measures were the visual
analog scale for the evaluation of the pain intensity, Oswestry disability index for functional disability,
short form-36 for health related QolL, sit and reach and hand finger floor distance test for the flexibility,
side-bridge and sit-ups test for the static and dynamic endurance. Results: At the end of the 6 weeks the
amount of decrease in the level of pain and Oswestry disability index, amount of increase in sit-reach
test and hand-finger-to-floor distance, duration of the lateral bridge and sits-ups test and most of the
short form-36 sub parameters was significantly higher (p < 0.05) in the CPE group. Conclusion: CPE was
an effective and safe method for symptomatic patients with lumbar disc herniation in reducing the pain
level and functional disability and improving flexibility, static and dynamic endurance and partially their
Qol.
Clinical Trial Registration: NCT03198273 (ClinicalTrials.gov).

Tweetable abstract: Study finds clinical Pilates exercise was an effective and safe method for symptomatic
patients with lumbar disc herniation in reducing the pain level and functional disability and improving
flexibility, static and dynamic endurance and partially their quality of life.
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Lumbar disc herniation (LDH), which occurs when intervertebral disc material, including the nucleus, cartilage,
fragmented bone, annular tissue or any combination of these is locally displaced beyond the disc space boundaries,
causes low back pain. Disc degeneration changes the mechanics of the rest of the spine, possibly negatively affecting
the function of the other spinal structures such as muscles and ligaments.

Many studies have been conducted showing a positive correlation between disc degeneration at various levels and
multifidus muscle atrophy in the lumbar region (1,2]. In addition to LDH, chronic low back pain (CLBP) has also
been reported to cause varying degrees of atrophy of the trunk muscles, especially in the multifidus muscles (3]. The
multifidus muscle is important for controlling and stabilizing the lumbar spine in a variety of planes of motion.
Atrophy in the multifidus muscle may also affect spinal stability and cause the progression of the pathology and the
condition to enter a vicious circle. It has been suggested that lumbar muscle strengthening programs in individuals
with LDH can be effective in preventing muscle atrophy and lumbar spinal degeneration [1,2]. In addition, it was
demonstrated that the lumbopelvic motor control function had decreased in patients with CLBP and the prevalence
of CLBP increased in patients with low lumbopelvic motor control function [4]. As a result of chronic pain, the
quality of life (QoL) decreases due to the limitation of activities of daily living and disability (5.
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The American College of Physicians’ Clinical Practice Guidelines for patients with CLBP strongly recommends
that clinicians and patients should initially select non-pharmacological therapy, such as exercise, tai chi, yoga and
motor control exercise [6]. Although mind-body exercises such as yoga, tai chi and motor control exercises are
recommended in the treatment of individuals with CLBE, no study has been found in the literature evaluating the
effect of clinical Pilates exercises (CPE), another mind-body exercise with core stabilization, on individuals with
LDH.

CPE is used to enhance functional activity and core strength as well as stimulate neuromuscular re-education.
This exercise model has been used in pain treatment, especially ones caused by mechanical and postural defects,
and were found to have beneficial effects on pain level and functionality in individuals suffering from chronic
mechanical back pain and chronic non specific low back pain [7-9]. Although the effect of Pilates on individuals
with low back pain, which is a common symptom of most pathologies associated with the lumbar region, have been
studied before, its effectiveness in a homogeneous subgroup such as LDH have not been investigated. Therefore this
study was planned to determine the effects of CPE on pain level, functional status, flexibility, static and dynamic
endurance of the trunk muscles and QoL in individuals with LDH and compare them with the control group.

Materials & methods

In this study 54 subjects (30 female, 24 male) were randomized by order of arrival into two groups; CPE and
a control group (CON). Individuals between 30—60 years of age, who were diagnosed with LDH (bulging and
protrusion according to the American Academy of Orthopaedic Surgeons and International Society for the Study
of Lumbar Spine classifications) at one or more levels (L3-L4 / L4-L5 / L5-S1) according to MRI results by an
orthopedist and who had low back and leg pain for the last 6 weeks with no mental, auditory or visual problems
that would undermine communication were included in the study.

Outcome measurements

Patients’ demographic data, such as age, gender, educational status, BMI and cigarette consumption were recorded.
The level and segment of the herniated discs were checked and recorded from the MRI reports. Individuals who
were included in the study and whose demographic information were questioned were asked to fill in the visual
analogue scale, Oswestry Disability Index and Short form-36 questionnaire forms. Then, finger-to-floor distance,
sit-and-reach, side-bridge test and sit-up test exercises were evaluated by the physiotherapist. After the exercise
sessions were completed, the assessment procedures were similarly repeated and the physical assessments were
reassessed by the same physiotherapist.

Visual analogue scale was used to measure the pain intensity. With this valid and reliable method, the level of
pain at rest and during exercise and general pain level were evaluated. Individuals were asked to place a mark on a
10 cm horizontal chart (0 = no pain, 10 = worst pain) that corresponded to their pain.

The Oswestry Disability Index, which is considered the gold standard of low back functional outcome tools, was
used to assess functional disability with ten questions about various daily activities [10].

The short form-36 (SE-36), which was used to evaluate health related QoL, is composed of eight multi-item
scales, which can assess the physical function, role limitations due to physical problems, bodily pain (BP), general
health, energy vitality (V), social functioning (SF), role limitations due to emotional problems and mental health.
Points were obtained from each sub scale range between 0 (worst health state) — 100 (best health state) [11].

Finger-to-floor distance and sit-and-reach tests were used to assess spinal mobility and flexibility. Finger-to-floor
test has excellent validity, reliability and responsiveness so recommended to be used in clinical practice [12]. In
the standing position, the patient was asked to bend forward without bending his knees and touch the ground.
The distance between the tips of the 3rd fingers and the floor was measured and the difference was recorded.
Sit-and-reach test was used for measuring hamstring and low back flexibility and has a proven validity. Patient sat
with legs together and feet placed against the box. Then the patient was asked to bend forward as far as possible
with extended arms, without bending their knees and remain still for 1-2 s. The remotest distance that was reached
was recorded as cm [13].

Side bridge test evaluates the static endurance of the lateral core muscles. In the side-lying position, the legs were
in an extension position and the elbow was flexed to 90 degrees. Participants were asked to lift their hips off the
table and stand still on their forearms and toes. The time was stopped when the straight body position could no
longer be maintained and the duration was recorded in seconds [14]. To evaluate the dynamic endurance of trunk
muscles and muscle strength of trunk flexors, sit-up test was used. Participants were asked to do trunk flexion while
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Table 1. Clinical Pilates exercise program in Figures 1 & 2.

First session
Teaching five key elements; breath control, pelvic lumbar region, chest, shoulder positioning, head and neck positioning

Warming phase

o Cleopatra (a) o Chest stretch (e)

o Upper extremity PNF patterns (b) o Swinging (f)

o Toy soldier (c) e Roll down (g)

o Corkscrew (d) o Mini squat (h)
Exercise phase (First 3 weeks): Exercise phase (second 3 weeks):
e Hundreds 1-2 (m) e Hundreds 3

e Scissors 1 (n) o Scissors 2

e One-leg stretch 1 (o) o One-leg stretch 2

e Double-leg stretch 1 (p) e Double-leg stretch 2
o Hip twist 1 (q) o Hip twist 2

e Shoulder bridge 1 (r) o Shoulder bridge 1

e Arm openings 1 (s) e Arm openings 2

o Side kick 1 (t) o Side kick 2

e Clam 1 (u) e Clam 2

e Swan dive 1 (v) e Swan dive 2

o One-leg kick (w) o One-leg kick

o Swimming 1(x) e Swimming 2

Cooling phase

o Cat stretch (i) o Spine stretch ()
o Mermaid (j) e Chest stretch (e)
o The saw (k) o Swinging (f)

their knees were already in flexion position and feet were stable. The number of sit-up repetitions within 30 s was
recorded [15].

Intervention

To teach five main areas of focus (breath control, pelvic lumbar region, chest, shoulder positioning, head and neck
positioning) a special session was organized for each patient in CPE group. Patients who managed to successfully
perform a session of CPE were qualified for group training. The exercises were applied to the patients in the study
group 3 days a week for 6 weeks. Exercise sessions were 45-60 min, including a warm-up period, a period in which
to perform main exercises and a cool-down period (Table 1). The exercises found in the main exercise phase was
progressed at the end of the third week. The control group patients were assessed using the same tests and index
and asked to continue their normal daily routines without doing any exercises (Figures 1, 2).

Statistical analysis
Data obtained during the study were analyzed with IBM SPSS Statistics V.20.0.0 software. The variables used in
the study were indicated by percentage (%), mean = standard deviation (x £ SD) and number. ANCOVA test was
used to compare the pre-test and post-test values of the individuals in the CPE and CON groups. When there was
a statistically significant difference between the variables before the training, general linear model analysis was used
in the post-training comparisons. The statistical significance level was determined as p < 0.05.

To determine the minimum number of individuals to be included in the study, a power analysis was carried out.
Cohen’s effect size was d: 0.8, a: 0.05, B: 0.20. The sample size was calculated as 26 for each group and the total
sample size for both groups was 52.

Results
Average age, gender frequency, educational status frequency, BMI and amount of cigarette consumption were found
similar (all p > 0.05) (Table 2).

When the distribution according to the segments was examined in the CPE group (n = 27), it was seen that
bulging and protrusion were at the L3-L4 of 14 participants (51.9%), at the L4-L5 of 1 participant (3,7%), at
L5-S1 of one participant (3,7%), at L3-1.4/L4-L5 of four participants (14,8%), at L4-L5 / L5-S1 of six participants
(22.2%) and at L3-L4/1.4-L5/15-S1 of one person (3.7%). In the CON group (n = 27) there were bulging and
protrusion at the L3-L4 in 14 participants (51.9%), at the L3-L4/14-L5 in ten participants (37.0%), at the
L4-L5/15-S1 in two participants (7.4%) at the 1.3-1.4/L4-L5/L5-S1 in one participant (3.7%).
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Figure 2. Clinical Pilates Exercise phase training.
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Table 2. Sociodemographic characteristics of participants.

Variables CPE Group, n = 27 CON Group, n = 27 p-valuef
Age, years, x + SD 50.3+6.7 50.1+6.5 0.910"
Gender, n (%)

Male 14 (51.9) 10 (37.0)

Female 13 (48.1) 17 (63.0) 0.273%
Educational status, n (%)

High School 13 (48.1) 16 (59.3)

University 14 (51.9) 11 (40.7) 0.413%
BMI 25.8-2.8 25.2-6.5
(kg/m2, x + SD) 0.5281
Smoking, n (%)

Yes 13-48.1 11-40.7 0.584%

No 14-51.9 16-59.3

fMann-Whitney U test.
Chi-square test.
CON: Control; CPE: Clinical Pilates exercise; Standard deviation; x: Mean value.

Table 3. Comparison of pain level pre-test and post-test values of individuals.

Pre-test Post-test F p-value n?

Group x SD x SD

Pain at rest (cm)’ CPE 2.21 1.42 0.55 0.59 32.904 0.000% 0.392
CON 1.26 1.12 1.02 1.03

General pain (cm)f CPE 3.39 1.29 1.29 0.62 26.669 0.000% 0.343
CON 2.72 0.76 2.37 0.82

Pain during exercise (cm) CPE 4.01 1.43 1.81 1.03 10.521 0.002F 0.171
CON 3.60 0.79 3.06 1.00

TThere is a difference between the pre-test results.
p < 0.05.
CON: Control; CPE: Clinical Pilates exercise; m?: Eta square (effect size calculation); SD: Standard deviation; x: Mean value.

Table 4. Comparison of flexibility, endurance and functional status pre-test and post-test values of individuals.

Pre-test Post-test B p-value n?

Group x SD x SD

Sit-and-reach test (cm) CPE -13.56 7.90 -9.59 8.34 64.746 0.000% 0.559
CON -10.33 8.11 -9.93 8.03

Finger-floor distance test (cm) CPE -13.74 9.53 -9.23 9.80 89.817 0.000F 0.642
CON -11.63 8.45 -11.48 8.58

Side-bridge test (s) CPE 7.92 3.19 12.61 4.82 38.188 0.000% 0.428
CON 6.92 1.96 7.43 2.05

Sits-ups test CPE 6.96 2.79 9.52 3.00 28.830 0.000% 0.361
CON 6.26 2.31 6.63 2.19

Oswestry disability index’ CPE 29.07 6.24 15.07 2.32 14.851 0.000% 0.226
CON 25.93 4.27 22.74 3.25

TThere is a difference between the pre-test results.
ip < 0.05.
CON: Control; CPE: Clinical Pilates exercise; n2: Eta square (effect size calculation); SD: Standard deviation; x: Mean value.

The amount of decrease in the level of pain at rest, general pain and pain during exercise after the treatment
of the participants in the CPE group was significantly higher (p < 0.05) (Table 3). Increase in the sit-reach test,
hand-finger-to-floor distance, lateral bridge, sits-ups test values and decrease in Oswestry values of the individuals
in the CPE group were significantly higher (p < 0.05) (Table 4). No significant difference was found between the
groups in the EP sub parameter of the SF-36 (p > 0.05). The amount of increase in physical function, PR, V,
mental health, SE BP and GH scores of the participants in the CPE group were found to be higher (p < 0.05)
(Table 5).
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Table 5. Comparison of quality of life pre-test and post-test values of individuals.

Pre-test Post-test F p-value n?
Group x SD x SD
SF-36 Physical function™ CPE 62.59 16.95 89.26 4.94 25.512 0.000% 0.338

CON 72.88 11.33 78.52 10.64

Role limitations due to physical CPE 28.70 33.04 87.07 23.36 27.831 0.000% 0.358

problems CON 44.44 4237 51.92 40.57

Role limitations due to CPE 92.59 23.27 98.77 6.42 2.545 0.117 0.048

emotional problems CON 95.06 20.05 95.06 20.05

Energy vitalityT CPE 48.52 11.16 65.96 5.83 15.603 0.000% 0.238
CON 55.74 8.74 61.85 7.23

Mental health CPE 62.96 9.52 74.37 4.99 10.602 0.002% 0.172
CON 66.07 8.76 71.56 6.69

Social functioning® CPE 51.39 17.79 90.28 10.01 21.875 0.000% 0.300
CON 62.96 12.25 72.69 9.83

Bodily pain' CPE 4222 16.00 81.30 10.39 28.019 0.000% 0.355
CON 52.87 12.59 67.41 11.92

General health CPE 68.52 12.77 81.11 8.70 15.127 0.000% 0.229
CON 69.81 11.72 76.11 10.59

TThere is a difference between the pre-test results.
p < 0.05.
CON: Control; CPE: Clinical Pilates exercise; n?: Eta square (effect size calculation); SD: Standard deviation; SF-36: Short form-36; x: Mean value.

Discussion

This is the first study in the literature investigating the effect of CPE on individuals with LDH. The results showed
thart Pilates exercises, which increase core stabilization and motor control, were effective in decreasing the level of
pain at rest, general pain and pain during exercise and increasing the flexibility, static and dynamic endurance,
functional level and QoL sub parameters except the scores of the role limitations due to emotional problems.

Lumbar low back pain, which can develop for many different reasons, is one of the major symptoms of disc
herniation. In this study, it was shown that CPE applied 3 days a week for 6 weeks was effective in reducing the
level of pain at rest, general pain and pain during exercise in individuals with LDH. In addition to strengthening,
muscle control and core stability, Pilates exercises are mind-body exercise that focuses on flexibility, posture and
breathing [16]. CPE may have been able to remove the mind from pain by increasing the individual’s body awareness,
directing the focus to the quality of movementand keeping it at the moment. Increased motor control and multifidus
muscle strength with Pilates exercises, without causing further injury, may account for the reduced pain.

Although many in vitro studies have reported that instability due to mild disc degeneration is associated with
increased flexibility, in recent years, there is a common view that there is a tendency toward spinal stiffness with
increasing degeneration [17). To the best of our knowledge, this is the first study to investigate the effects of Pilates
exercise on flexibility in individuals with LDH. In our study, it was shown that 6-week CPE is effective in increasing
flexibility proven with the improvement in sit and reach and finger and floor tests.

Available evidence suggests that lumbar back pain is associated with decreased strength/endurance, atrophy and
fatigue of the lumbar extensor muscles [18]. In patients with CLBP, individualized gradable stabilization exercise
lasting 3 weeks has been shown to increase endurance with an increase in active sit-up test and side support test
duration [19]. In a study by Bayraktar ez 4/, it was reported that the static endurance of trunk muscles was significantly
lower in individuals with LDH compared with healthy subjects. Also, they investigated the effect of an 8-week core
stabilization program performed in water and on land on trunk muscle endurance of individuals with LDH. As a
result of the study, it was observed that static endurance, which was evaluated by trunk extensor endurance test,
trunk flexor endurance test and lateral bridge test, improved [20]. Aiming at lumbar stabilization, CPE is primarily
applied to increase neuromuscular control, strength and endurance of the muscles, which are considered central to
maintaining dynamic spinal and trunk stability. With the increase in core endurance, musculoskeletal injuries are
prevented and functionality is increased by allowing optimal production and control of force and movement to
the terminal segment during kinetic chain activity. In this study, the static endurance of the trunk was determined
by the side-bridge test and dynamic endurance was determined by using the sit-ups test. As a result of the study,
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6-week progressive core stabilization-based CPE was shown to be effective in improving static and dynamic trunk
muscle endurance without increasing pain.

CLBP causes restriction of mobility resulting in morphological changes in the lumbar muscles. Reduced muscle
strength and endurance have a negative impact on lumbar stability and can lead to functional restrictions. In patients
with LDH a moderate-to-high correlation between endurance time and disability [21]. Besides the relationship
between chronic pain, strength/endurance and disability, in some individuals with lumbar low back pain, pain and
fear of re-injury and faulty beliefs trigger movement avoidance behaviors, causing further pain and disability [22].
Although the level of kinesiophobia or fear avoidance was not evaluated in our study, the decrease in pain level,
especially during exercise, might be one of the contributing factors in reducing disability. Another possible cause
was increased trunk static and dynamic muscle endurance.

Due to the concomitant psychosocial stress, pain and decrease in vitality and functional status, CLBP was
linked to a lower health related QoL [23]. There is some evidence in the literature that Pilates exercises improve
health related QoL in individuals with CLBP [24-26]. In a study using the Pilates method, regarding the QoL
measured using the SF-36 questionnaire, improvements were observed in functional capacity, pain and vitality
domains [25]. Similarly, in our study, physical function, energy-vitality, bodily pain as well as mental health, social
functioning, role limitations due to physical problems and general health scores of the participants in the CPE
group. As it improves motivation and social cohesiveness, we believe that conducting the exercises in groups is the
explanation for the improvement in social functioning. Although, in a study there was a significant improvement in
the perception of physical and psychological health of individuals with low back pain who practiced Pilates exercise
daily, no improvement was observed in our study in the role limitations due to emotional problems domain [24].
The fact that the exercise program is limited to 6 weeks may be the reason for the lack of improvement in emotional
roles. We contend that the effects of CPE on QoL in individuals with LDH may be prominent with longer-term
exercises.

This is the first study in the literature investigating the safety and the effect of CPE on individuals with LDH.
For this reason, it was not aimed to compare the effectiveness of the control group by applying a different exercise
method. We believe that the results obtained from this short-term study will guide future studies. However, the
effect of future long-term studies on the outcomes compared with other exercise training should be examined.
Since our study was of short duration, the effect of CPE on intervertebral disc structure could not be examined
objectively with MRI, so we suggest the use of MRI in future studies.

Conclusion

In the treatment of symptomatic LDH; core stability-based, 6 weeks progressive CPE are safe and effective mind
and body exercise methods that can be applied by physiotherapists to reduce pain and disability and to improve
flexibility, static and dynamic endurance and QoL.

Summary points

e In the treatment of symptomatic lumbar disc herniation; core stability-based, clinical Pilates exercises are safe and
effective mind and body exercise methods that can be applied by physiotherapists.

e About 6 weeks progressive and structured clinical Pilates exercises program can be used to reduce pain and
disability and to improve flexibility, static and dynamic endurance and quality of life in patients with Lumbar disc
herniation.
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