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ABSTRACT
Background: Lumbar hyperlordosis is a common spinal abnormality that can negatively affect balance
and physical performance. This study investigated the effect of six weeks of TRX exercises on lumbar
curvature and postural control changes in men with lumbar hyperlordosis.
Methods: This study was a randomized controlled trial (RCT). The population consisted of non-athlete
male employees aged 18 to 30 with lumbar hyperlordosis in Quchan city. From this population, a sample
of 34 participants was selected through an initial screening process using a grid board and was randomly
assigned to two groups: an experimental group (n=17) and a control group (n=17). The experimental group
performed TRX exercises for six weeks, three sessions per week, each lasting 60 minutes. Lumbar lordosis
was measured with a flexible ruler, while the static and dynamic balance were assessed using the Y-
Balance and static balance tests. Data analysis was performed using paired t-tests and ANCOVA in SPSS
version 22.
Results: The findings revealed that TRX exercises significantly reduced lumbar curvature in the
experimental group compared to the control group (p=0.012). Additionally, the experimental group
showed a significant improvement in static balance (p=0.007) and dynamic balance (p=0.020) compared
to the control group. These improvements indicate the positive impact of TRX exercises on postural
control and balance in individuals with lumbar hyperlordosis.
Conclusions: The results of this study demonstrated that TRX exercises can effectively reduce lumbar
curvature and improve static and dynamic balance in men with lumbar hyperlordosis. Due to the instability
created during these exercises, stabilizing muscles are activated, making them beneficial in addressing
musculoskeletal issues.
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Introduction

The human spine plays a critical role in maintaining balance, transmitting forces, and protecting the
central nervous system (1). The natural curvature of the spine includes lordosis (inward curve in the
lumbar region), kyphosis (outward curve in the thoracic region), and scoliosis (lateral curvature).
Lumbar lordosis is essential for proper mechanical stress distribution and maintaining body balance
(2). However, changes in this curvature, particularly the excessive increase known as "lumbar
hyperlordosis,” can lead to chronic back pain, motor dysfunctions, and postural abnormalities (3). In
this condition, over activity of lumbar extensor muscles and weakness of flexor muscles increase
stress on intervertebral discs and facet joints (4). These changes, in addition to pain and discomfort,
can cause movement restrictions and elevate the risk of injury (5). Lumbar hyperlordosis is a common
abnormality, especially among individuals with low physical activity or those working long hours
seated, such as office workers (6). Factors like weight gain, weak abdominal muscles, and
overextension of lumbar extensor muscles increase the likelihood of this condition (7). Moreover,
hormonal changes during pregnancy and structural defects can also contribute to the development of
hyperlordosis (8).

Research has shown that exercise can effectively correct postural abnormalities, including lumbar
hyperlordosis (9, 10). Strengthening and stretching exercises, which focus on strengthening the
abdominal muscles and stretching the lumbar muscles, can help improve spinal curvature (11). The
TRX training system, designed using suspension straps and body weight, aims to strengthen muscles
(12). These exercises enhance core muscle strength and improve balance and muscular coordination
(10, 13).

By activating deep abdominal and lumbar muscles, TRX helps maintain spinal alignment and reduces
pressure on intervertebral discs (9). Additionally, these exercises promote flexibility, reduce back
pain, and prevent injuries (9). For optimal results, TRX exercises should be done with proper form
and ideally under the supervision of a trainer. For individuals with hyperlordosis, corrective exercises
can aid in adjusting lumbar curvature and reducing pain (14). Research indicates that TRX effectively
increases abdominal muscle strength and improves lumbar stability, facilitating the correction of
postural abnormalities through greater activation of spinal stabilizing muscles (10).

Given the importance of natural spinal curvature for proper body function and the negative impact of
hyperlordosis on quality of life, it is essential to find effective methods for correcting this abnormality.
As TRX training is recognized as a novel and practical approach to strengthening core muscles and
improving balance, this study aims to examine the effects of six weeks of TRX exercises on lumbar
curvature and postural control in men with lumbar hyperlordosis. While previous research has mainly
focused on the general effects of exercise on spinal curvature, this study specifically investigates the
impact of TRX training on hyperlordosis and postural control.

Material and Methods

Ethical Approval and Trial Registration

This research was conducted under the approval of the Institute of Physical Education Ethics
Committee, with the ethical code IR.SSRC.REC.1403.063. All methods were performed in
accordance with the relevant guidelines and regulations as outlined by the committee. Additionally,
this study has been registered in the Iranian Registry of Clinical Trials (IRCT) on 31/12/2024, under
the code IRCT20110803007211N4. This protocol was developed and reported following the
CONSORT 2010 guidelines to ensure transparency, reproducibility, and completeness in presenting
the trial design and results.

Study Design and Participant Allocation

This randomized controlled trial (RCT) was conducted on non-athlete male employees aged 18 to 30

in Quchan. The sample size was estimated to be 111 individuals using G Power software, based on

an effect size of 0.3, an alpha level of 0.05, and a power of 0.95. Initially, male employees were

screened based on inclusion and exclusion criteria using a grid chart. After screening, 41 individuals
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with hyperlordosis were identified, and 34 were randomly selected. These participants were randomly
assigned to two groups: experimental and control groups, each consisting of 17 members. Out of the
34 participants, eight dropped out due to personal reasons or excessive absence.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: being male, providing written consent, being aged between 18
and 30 years, having lumbar lordosis with a curvature angle of 51 degrees or more (15), no signs of
joint disorders in the spine, shoulder, or pelvis (16), no musculoskeletal deficiencies (17)or knee
abnormalities, no musculoskeletal injuries or surgeries in the past six months (18), and no regular
physical activity or history of athletic championships (17). The exclusion criteria included failure to
complete the training program, excessive absence, or lack of interest in continuing.

Tools and Instruments Used in the Research

Various tools were used in this study to collect data. An informed consent form and a personal
information sheet were employed to obtain participants' informed consent and gather their
demographic information. Participants were fully informed about the purpose of the study, its
potential risks, and benefits before providing their consent. A tape measure was used to determine
height, while a digital scale measured weight accurately. A tape measure was used to determine
height, while a digital scale measured weight accurately. Tools such as a foam cube for static balance
measurement, a flexible and calibrated ruler for spinal curvature angle measurements, and TRX bands
for stability exercises were employed (19). Markers, labels, and masking tape were also used for
marking during the tests.

Measurement Procedure

All measurements in this study were conducted at the Corrective Exercise Clinic in Quchan. Initially,
individuals suspected of having lumbar lordosis abnormalities were identified through posture
observation. Participants completed the personal information form after explaining the research
process and obtaining consent. The examiner measured thoracic kyphosis and lumbar lordosis using
a flexible ruler. Participants' height and weight were also measured, and their body mass index (BMI)
was calculated. Individuals with thoracic kyphosis exceeding 51 degrees (15) or vertebral rotation
greater than 5 degrees were excluded from the study. Lower limb performance was then assessed
using various tests, and participants were randomly assigned to either the experimental or control
group. The experimental group underwent TRX training for six weeks, three sessions per week, each
lasting 60 minutes, while the control group continued their usual daily activities. At the end of the
intervention, measurements were repeated, and the data were analyzed.

Measurement of Lumbar Lordosis

This study used a 50 cm flexible ruler to measure lumbar lordosis (20). To evaluate the lumbar curve,
two bony landmarks are needed according to the Yudas method (21-23), the spinous process of T12
was used as the starting point of the curve, and the spinous process of the second sacral vertebra (S2)
was used as the endpoint (6, 21, 23, 24). The twelfth thoracic vertebra was used instead of the first
lumbar vertebra to measure the entire lumbar curve (6). Therefore, three key bony landmarks—T2,
T12, and S2—were needed. To calculate the lordosis angle, a line was drawn between T12 and S2,
and a perpendicular line was drawn from the deepest point of the curve. The values of L and H were
obtained and entered into the relevant formula to compute the angle. Individuals with kyphosis
exceeding 51 degrees were excluded from the study (15).

Postural Control Measurement Process
Y-Balance Test
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This test, derived from the Star Excursion Balance Test and validated by Gribble as a reliable method
for assessing dynamic balance (25), was performed in three directions: anterior, posterior-medial, and
posterior-lateral, forming a Y-shape with angles of 135°, 135°, and 90°, respectively. To perform the
test, the participant stood with their dominant foot at the center of the device. In contrast, the other
foot moved the sliding component forward without errors (such as shifting the dominant foot or
leaning on the reaching leg) and then returned to the starting position. The reach distance, measured
as the distance from the center of the device to the sliding component, was recorded three times for
each direction, and the average was calculated. These values were then divided by the participant's
leg length and multiplied by 100 to express the result as a percentage. Finally, the composite score
for each participant was calculated by averaging the three directional scores. The intra-rater and inter-
rater reliability coefficients for the different directions ranged from 0.85 to 0.91, and the overall score
reliability ranged from 0.91 to 0.99 (26).

Static Balance Test

Static balance was measured using the Balance Error Scoring System (BESS). This test was
performed in six conditions: double-leg stance, single-leg stance, and tandem stance, each on two
surfaces—ground and foam—for 20 seconds with eyes closed and hands placed on the iliac crests. In
the double-leg stance, the participant stood with feet together; in the single-leg stance, they stood on
their non-dominant foot, while the other leg was positioned with approximately 20 degrees of hip
flexion and 45 degrees of knee flexion. In the tandem stance, the non-dominant foot was placed
behind, with the toes touching the front foot's heel.

During these stances, errors such as removing hands from the waist, opening eyes, stepping,
stumbling or falling, abduction or flexion of the hip beyond 30 degrees, lifting toes or heels off the
surface, or remaining out of the test position for more than 5 seconds were recorded by the examiner.
Each error received a score, with a maximum of 10 errors per condition. In the end, the errors for
each position were recorded, and the total static balance error score was calculated by summing up
the errors across all conditions (maximum error score: 60) (27). The inter-rater and intra-rater
reliability coefficients for this test were reported as 0.57 and 0.74, respectively, by Finoff (28).

TRX Suspension Training

Participants in the TRX group followed a six-week training protocol, with three sessions per week,
each lasting 60 minutes. Rest periods of 30 seconds between exercises and 15 seconds between sets
were incorporated. The exercises were designed based on credible sources from books and articles
related to TRX suspension training and the investigator's coaching experience (29, 30) (Table 1).

Table 1. TRX Exercises for Six Weeks

week Practice Set x repetition week Practice Set x repetition
Squat (go to the toe and 3x10 2 squat + hip abduction 2x10

1 back)
forward lunge 3x10 Cross lunge 2x10
Side lunge 3x10 Side lunge(steep) 2x10
Plank (elbow) 45secx3 Plank(hand) 30secx3
Omega 3x10 Side omega plank 2x10
Plank(supine) 45secx3 Hamstring  curl  (hip 2x10

ground)

3 Single leg squat 3x10 4 single leg squat 3x10
Suspended lunge 3x10 Suspended lunge 3x10
Abduction lunge 3x10 Abduction lunge 3x10
Single leg plank 30secx3 Single leg plank 45secx3
Single leg omega 3x10 Single leg omega 3x10
Hamstring  curl  (hip 3x10 Hamstring  curl  (hip 3x10
ground) ground)

5 Squat + hip abduction + 3x12 6 Goblet squat 3x12
rotation
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Bulgarian split squat 3x10 Pistol squat 3x8
Suspended lunge  with 3x10 TRX row with rotation 3x12
rotation

Side lunge with reach 3x10 Renegade row 3x10

Plank with arm raise

3 sets per leg,

Plank with leg raise

3 sets per leg,

Duration: 45 sec Duration: 45 sec

Single leg plank with 3 sets per leg, Single leg plank with 3 sets per leg,
reach Duration: 30 sec reach and rotation Duration: 30 sec
Turkish get-up 3x5 Burpee with TRX row 3x10
Hamstring  curl  with 3x12 Superman with rotation 3x15

resistance band

Statistical Method

The raw data from measuring research variables were analyzed using SPSS version 22 through
descriptive and inferential statistics. A paired t-test was used to compare within-group changes
between the pre-test and post-test, and ANCOVA was employed to analyze the results. The
significance level of the study was set at 95%, with an alpha level of < 0.05.

Results

Descriptive information regarding the age, height, and weight of the participants is presented in Table
2.

Table 2. Mean and Standard Deviation of Age, Height, and Weight of Participants

Variable Group Number Mean£SD P value
Age Experimental 13 21.30+1.97 5.782
Control 13 20.38+2.50
Height Experimental 13 163.30+6.48 0.570
Control 13 161.84+6.46
Weight Experimental 13 57.30+£3.42 0.101
Control 13 59.92+4.36

The results of the Shapiro-Wilk test indicated that the distribution of all research variables was
normal; therefore, parametric tests were used for data analysis. Additionally, Levene's test showed
that the data variance across all variables was equal. The results of the one-way ANOVA also revealed
no significant differences between the groups at the beginning of the research period (P > 0.05),
indicating homogeneity of the groups regarding the main variables.

Initially, a paired t-test was used to examine the effect of TRX exercises on the degree of lordosis and
performance (static and dynamic balance) from the pre-test to post-test phases. The results are
presented in Table 3.

Table 3. Results of the paired t-test for within-group comparison of lordosis and performance variables (static and
dynamic balance)

Group SD + Mean df T Sig
Pre- test Post -test
Lordosis Experimental 59.23+2.35 55.38+2.90 12 4.21 0.001
Control 58.53+2.81 58.84+3.26 12 -0.22 0.823
Static Balance Experimental 12.53+3.47 8.92+2.72 12 2.80 0.016
Control 13.53+4.13 12.53+3.47 12 0.63 0.536
Dynamic Balance  Experimental 89.41+4.92 96.96+8.49 12 -2.90 0.013
Control 91.27+4.31 90.29+5.73 12 0.61 0.547

The results of the dependent t-test showed that TRX exercises significantly improved the degree of
lordosis in individuals with increased lumbar lordosis from the pre-test to the post-test stage (t = 3.66,
p = 0.003). Additionally, the results of the dependent t-test indicated a significant improvement in
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static balance (t = 2.80, p = 0.016) and dynamic balance (t = -2.90, p = 0.013) in individuals with
increased lumbar lordosis from the pre-test to the post-test stage.

Furthermore, an analysis of covariance (ANCOVA) was used for between-group comparisons, and
the results are presented in Table 4.

Table 4. Results of the ANCOVA for comparing exercise groups in the variables of lordosis and performance (static and
dynamic balance)

Source of Effect Sum of Degrees of Mean F Significance  Effect
Squares Freedom  Squares Statistic (p-value) Size

Lordosis 74.33 1 74.33 7.49 0.012 0.246
Static Balance 87.30 1 87.30 8.66 0.007 0.274
Dynamic Balance 329.16 1 329.16 6.26 0.020 0.214

The results of the ANCOVA test indicated that the exercises had a significant effect on the variables
of lordosis and performance (static and dynamic balance). A significant difference was observed
between the groups in the lordosis variable (p = 0.012), with a notable reduction in lordosis in the
experimental group. Additionally, a significant difference was found in static balance (p = 0.007),
with the experimental group showing substantial improvement. In dynamic balance, the results also
indicated a significant difference between the groups (p = 0.020), demonstrating an improvement in
the dynamic balance of the experimental group compared to the control group (Table 4).

Figures 1, 2, and 3 illustrate the changes in the mean values of various parameters across the groups
during the pre-test and post-test phases. Figure 1 represents the mean lordosis of the groups, while
Figure 2 depicts the mean static balance, and Figure 3 demonstrates the mean dynamic balance,
highlighting the variations observed during the respective testing phases.
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Discussion

This study aimed to examine the effects of six weeks of TRX exercises on lumbar hyperlordosis and
postural control in individuals with increased lumbar lordosis. The findings revealed that TRX
exercises significantly reduced lumbar lordosis and improved static and dynamic balance in these
individuals. These results highlight the effectiveness of this training method in enhancing physical
posture and motor control, aligning with previous research in many respects.

Specifically, the reduction in lumbar lordosis following TRX exercises indicates the positive impact
of this training on improving body posture. This outcome is consistent with the findings of Aslani et
al. (2018), who investigated the effects of TRX exercises on static and dynamic balance. Their study
also demonstrated that TRX exercises can improve balance and body posture in athletes (29).
Considering that balance and postural control are influenced by spinal alignment, these findings
appear logical. Both studies emphasize that TRX exercises activate deep core muscles by utilizing
unstable surfaces and contribute to better posture and balance.

The results of this study are also consistent with Sajedinia (2018), who explored the positive effects
of TRX exercises on balance and proprioception in football players (31). Both studies found that TRX
exercises enhance static and dynamic balance. These exercises improve physical performance in
complex motor scenarios by engaging central stabilizing muscles and increasing body awareness.
Furthermore, the study by Saadatian et al. (2019), which examined the effects of TRX exercises on
proprioception in athletes with shoulder impingement syndrome, reported findings similar to those of
the present research. This study demonstrated that TRX exercises could enhance joint and muscle
function, even if the primary focus of the exercises is on the spine or lumbar region (32). This
indicates that TRX exercises can enhance musculoskeletal health by emphasizing core stabilization
and suspension resistance.

On the other hand, some differences were observed when compared to the study by Gattke et al.
(2016), which investigated the effects of TRX and elastic band exercises on balance and strength in
older adults (33). In Gattke's study, both exercises showed similar effects on balance and strength in
the elderly, whereas the present research focused solely on TRX exercises. These differences may be
attributed to the characteristics of the study population (individuals with lordosis) and the variables
assessed. Additionally, differences in measurement methods may have contributed to the varied
results, especially since both elastic bands and TRX exercises are recognized as effective methods
for improving balance.

The study by Miller et al. (2015), which compared traditional resistance training with TRX exercises,
also supports the present findings. Miller's research revealed that TRX exercises, due to their
instability, engage a higher number of muscle motor units (34). This aligns with the current study's
results, which indicate improved balance and reduced lordosis. Miller also highlighted that TRX
exercises enhance core stabilizer muscle activity, improving posture control and balance(34).

Harris et al. (2017) also demonstrated that TRX exercises increase the activity of selected muscles
compared to exercises performed on stable surfaces (35). These findings align with the present study's
results in improving dynamic balance, as increased muscle activity can enhance motor control and
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balance during complex movements. TRX exercises improve postural control and balance by creating
an unstable environment that demands greater muscle activation to maintain equilibrium.
Additionally, this study's findings are consistent with those of Son et al. (2017), which showed that
core stability exercises can improve posture and balance in individuals with cerebral palsy (36). Both
studies emphasize that unstable and suspension-based exercises, such as TRX, can lead to greater
core muscle activation and improved balance.

One limitation of this study was the small sample size and its focus solely on non-athletic males with
hyperlordosis, which may limit the generalizability of the results to other populations. Furthermore,
the relatively short intervention period (six weeks) might not fully capture long-term changes. The
study also did not investigate the effects of TRX exercises on other parameters related to spinal health
and motor performance.

The practical applications of this research include utilizing TRX exercises as a low-cost and
accessible method to improve lumbar curvature and postural control in individuals with
hyperlordosis. Future studies are recommended to explore more extended training periods, assess
impacts on women and various age groups, and compare TRX exercises with other therapeutic
methods.

Conclusion

Overall, this study's results indicate that TRX exercises can effectively reduce lumbar lordosis and
improve static and dynamic balance. By inducing instability during training, these exercises activate
the body's stabilizing muscles more effectively, leading to improved posture and physical
performance. The alignment of these findings with previous research suggests that TRX exercises, as
an effective training method, can be utilized to treat and improve various physical conditions,
including lumbar musculoskeletal issues, and enhance balance and sports performance.
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