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Abstract

:

Lumbar lordosis is one of the most important parts of the spine, which is of special importance due to its unique position and direct contact with the pelvis. The aim of this study was to combine the results of several studies and to evaluate the magnitude of the effect of different Lumbar lordotic angle correction programs through meta-analysis. This study has been developed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement. Four databases were searched for articles collection: PubMed, Cochrane Library, Web of Science, and Google Scholar. The key search terms were: “Lumbar Lordotic angle”, “Lordosis”, “Hyperlordosis”, “Corrective exercise”, and “Low back pain. “The articles included in our study were limited to original articles written only in English that met the following inclusion criteria: (1) participants with lumbar lordosis or hyperlordosis or low back pain; (2) different programs of corrective exercises were applied; (3) Lumbar lordotic angle used as outcome measures. Ten studies are included in our systematic review and meta-analysis. The effect size for the Lumbar lordotic angle outcome was (SMD = 0.550, p ˂ 0.001, moderate effect size). Subgroup analysis for Lumbar lordotic angle: Subgroup Younger group (SMD = 0.640, p ˂ 0.001), Subgroup Older group, (SMD = 0.520, p ˂ 0.001). Subgroup Treatment (SMD = 0.527, p ˂ 0.001), Subgroup No treatment (SMD = 0.577, p = 0.002). This was the only outcome assessed in our analysis. The current meta-analysis indicates that different correction methods have a positive effect on subjects with lumbar lordosis or hyperlordosis. In the following research, we should try to determine which corrective methods have the best effects.
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1. Introduction


Back pain is a common condition that restricts movement and activities of daily living [1]. In addition, reduced physical activity due to industrialization has consequently increased lower back pain [2]. With prolonged back pain, chronic lower back pain leads to pain, hypoesthesia, and decreased strength and endurance of deep spinal muscles under the muscular system and sensory-motor control, affecting the daily lives and social activities of individuals [3,4]. Lumbar lordosis is one of the most important parts of the spine, which is of special importance due to its unique position and direct contact with the pelvis. Lumbar lordosis serves to provide strength against the compression forces of gravity [5,6]. Normal lumbar lordosis protects the posterior spinal ligament system from excessive stress [7] and acts as a shock absorber during sudden applied vertical forces [8]. Increased lordosis is advocated as a major cause of postural pain, radiculopathy, and facet pain [9,10]. Excessive lordosis leads to increased compression of the apophyseal joint and increased anterior shear force at the lumbosacral joint [11,12].



Special attention should be paid to the spine in order to have a good physical condition [13]. In addition to bones, ligaments, muscles, and vertebral discs play a key role in the formation of lordosis. Without muscle action, pelvic girdle performance does not have sufficient stability [14]. Central stabilization of the spine is supported by special muscles such as multifidus, transversus abdominis, and internal muscles in the trunk. These muscles act late in patients with hyperlordosis [15]. Muscles provide vertebral stability in focal shape [14]. Weakness in any of the muscles of the lumbar-pelvic girdle can accompany pelvic rotations and deflections of the posterior arch, disturbing muscle balance in this area [16], and thus a person may be prone to musculoskeletal disorders [17]. Pelvic muscle balance is one of the factors influencing lordosis [18]. For the functional position of the central part of the body, the mobility of the hip joint on the one hand and the stability of the trunk, on the other hand, are important. Coordination between all torso and thigh muscles is crucial to control and maintain a normal spine position where no specific muscle is involved in increasing core stability. The balance between the muscles on the four sides of the spine determines the stability of the spine [19]. There are various factors that affect lumbar lordosis.



Some studies have shown that the extent of lumbar lordosis is affected by age and gender, pregnancy, or obesity [20,21]. To improve spinal segment instability, lumbar stabilization exercises that strengthen the local muscle group located deep in the trunk around the lumbar vertebrae, which play an important role in ensuring dynamic stability of the spinal segments, are useful for alleviating functional spinal disability [22,23]. Lumbar stabilization is important for maintaining the spine and performing limb movements [24] and is used to adjust the imbalance between the abdominal and trunk extensor muscles. Such an imbalance causes diseases in the lumbar vertebrae of the musculoskeletal system, which must be treated to prevent lower back pain [25]. Numerous treatments such as rest, exercise therapy, traction, osteopathic therapy, manipulative therapy, massage, mobilization, and electrotherapy have been reported to treat lower back pain. However, there is still no general consensus on which method is more effective in treating lower back pain [26]. On the one hand, researchers have shown that more than 90% of patients improve after six months of participation in a hydrotherapy program, and according to this report, hydrotherapy is an effective treatment for patients with lower back pain [27,28]. Exercises are recommended as good for lumbar lordosis Williams and McKenzie [26]. The sling exercise, which is based on the concept of lumbar stabilization, is also used to treat back pain. The sling exercise is a closed-chain exercise with a load, using a suspension that is said to improve lumbar curvature and muscle imbalance [29,30,31].



Lumbar lordotic angle (LLA) is measured by simple X-rays of the lateral view of the lumbar region, at the intersection between the line extending from the upper plate L1 and the other extending from the lower plate L5 [32]. Skaf et al. [33] report the determination of Lordotic angle using the Cobb method using Magnetic Resonance Imaging (MRI). The images are read using as reference L1 and S1 vertebrae of the body, where lines are drawn along the upper end of the plate to extend past the vertebral body. Perpendiculars are then added on the convergence side of the two lines, and the angle of intersection of these two lines is measured, forming a Cobb angle, thus giving a global estimate of lumbar lordosis. LLA can also be measured using a Flexi curve ruler. Participants stand barefoot on the cardboard where the position of the feet is marked. The ruler is placed between the twelfth thoracic vertebra (T12) and the sacrum (S1). The curvature of the ruler is then drawn on paper. The vertical line is then drawn from T12 to S1 to measure the maximum length (L) and depth (H) of the lumbar region in centimeters to determine the LLA using the Spinal Mouse [34,35]. Spinal Mouse is a device that, in combination with a computer program, estimates the curves of the spine without the use of harmful radiation. The normal angle of lordosis is 30°, and angles > 40° indicate hyperlordosis [36].



The aim of this study was to combine the results of several studies and to evaluate the magnitude of the effect of different LLA correction programs through meta-analysis. Combining the results of two or more studies is a great advantage when concluding on the application of certain treatments, more so than when we draw conclusions based on only one study.




2. Materials and Methods


2.1. Study Design


This paper has been developed and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [37].




2.2. Data Sources and Search Strategy


A search strategy was developed to identify all relevant studies that evaluate the effect of different corrective exercises in the treatment of lordosis and hyperlordosis. Our systematic search included PubMed, Web of Science, Cochrane Library, and Google Scholar databases. We used combinations of the subject titles “Lumbar Lordotic angle”, “Lordosis”, “Hyperlordosis”, “Corrective exercise”, and “Low back pain.” The search strategy is shown in Figure 1. We also manually searched for reference citations of identified critiques and selected original research articles to download the full text.




2.3. Study Selection


PICOS (Population, Interventions, Comparators, Outcomes, Study Designs) eligibility criteria described in PRISMA were adopted for inclusion/exclusion of the studies [37]. (1) P (population) individuals diagnosed with lordosis or hyperlordosis or low back pain, (2) I (intervention) utilized some form of the corrective exercises, (3) C (comparison) control group defined as no treatment, standard care, or other corrective programs, (4) O (outcome) Lumbar lordotic angle expressed in degrees was the only outcome at which the magnitude of the effect was measured, (5) S (study design) prospective studies with controls that were published in or after 2010 were included. The inclusion of studies in our analysis was limited to English only. Studies excluded were systematic reviews, meta-analyses, study protocols, books, eBooks, book reviews, case studies, pilot studies, and conference publications. A systematic search of four electronic databases (PubMed, Web of Science, Cochrane Library, and Google Scholar) was conducted in August 2021. The inclusion/exclusion of studies was done by two researchers by consultation and consensus.




2.4. Data Extraction and Quality Assessment


After selecting studies based on inclusion and exclusion criteria, the two investigators independently conducted data extraction. The following variables are abstracted into a pre-formatted table: authors, year of publication, characteristics of study participants (number of participants, age), program type, outcomes, lordotic angle size, sessions per week, duration, and instrument to measure an angle. Nine of the included studies had available data, while the study by Okhli et al. [34] used two experimental groups and one control group for which no data were available. Two researchers independently assessed the quality of the studies involved. The risk of bias was assessed for each study using the Cochrane Risk Bias Tool [38], which assesses seven sources of bias, including randomization, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, completeness of outcome data, selective outcome reporting, and other potential bias. Each study based on the above seven aspects was examined and subsequently assessed as low risk, high risk, or unclear risk.




2.5. Data Synthesis and Analysis


Meta-analysis and statistical analysis were performed using Meta-Analyst software (Brown University) [39]. The magnitude of the effect was estimated for the outcome of the Lumbar lordotic angle. For each study, standardized mean difference (SMD) and 95% confidence intervals (CI) were calculated for continuous outcomes, a random model. For the Lumbar lordotic angle outcome, the effect size was measured post minus before intervention in the experimental and control groups.



According to Cohen’s guide, values of ≥0.2, ≥0.5, and ≥0.8 show small, medium, and large effect sizes, respectively [40]. After that, the analysis of the subgroup according to the factor for years and the analysis of the subgroup according to the factor of the control group (treatment or no treatment) were performed in order to separately assess the magnitude of the effect and solve this problem in case of increased heterogeneity. p < 0.05 was considered statistically significant. Heterogeneity between studies was assessed using the Higgins I² test and p values. The guide for interpreting heterogeneity in the meta-analysis of randomized trials is as follows: 0% to 40%: might not be important; 30% to 60%: may represent moderate heterogeneity; 50% to 90%: may represent substantial heterogeneity; 75% to 100%: considerable heterogeneity.



Based on the search strategy, a total of 219 studies were selected from the initial database search. Of that number, 33 studies were excluded because of duplication, and also excluded were 14 studies that were not written in English; therefore, 172 studies were selected for further analysis. After the abstract and title were displayed, 135 studies were excluded because they did not meet the inclusion criteria. The remaining 37 studies were reviewed in full. When the full-text articles were reviewed, 27 studies were excluded. The remaining 10 studies are included in this review article and meta-analysis. The flow diagram of the study selection process is shown in Figure 1.



Table 1 shows the main characteristics of the included studies. A total of 482 respondents participated in the ten included studies, and the sample size of the included studies ranged from 29 to 154. The age of the respondents ranged between nine and 60 years old. The total length of treatment ranged from two weeks to 12 weeks. Studies by Yakhdani et al. [41] and Ko et al. [32] used two experimental groups and one control group. In our meta-analysis, we used the results of both experimental groups in the study of Ko et al. [32] and one in the study of Yakhdani et al. [41]. The careful review found that studies by Fatemi et al. [42] and Javid et al. [43] used the same cohort and that the outcome results were the same. For this reason, a Leave-one-out meta-analysis was performed to decide whether to exclude one of these two studies from the meta-analysis.




2.6. Medicine Risk of Bias


Figure 2 and Figure 3 present the summary of the bias risk for each study included. For the item of “Random sequence generation”, nine studies used randomization, while the study of Cho et al. [44] does not provide information on the process of selecting respondents. Allocation concealment was low risk in two studies, unclear risk in two studies, and high risk in six studies. Due to the nature of the intervention, participants and experimenters could not be blinded to the treatment, but one study reports that it used blinding. For item “Blinding of outcome assessment”, one study adopted a single-blind method to evaluate the intervention measures. For item “Selective reporting” study, Okhli et al. [34] have available data for two experimental groups and unavailable data for the control group. Due to the objective outcome measures, outcome data were considered low risk in 10 studies.





3. Results


3.1. Meta-Analysis


3.1.1. Lumbar Lordotic Angle


The only outcome assessed in our study was LLA. LLA is the most commonly used value for quantifying lordotic spinal deformity [42,44]. All ten studies included in our meta-analysis used the LLA as the outcome of their measurement. After data pooling, statistical significance was achieved (SMD = 0.673; 95% CI = 0.346, 1.000, p ˂ 0.001), heterogeneity (I2 = 60.87%, p = 0.004) (Figure 4). Due to substantial heterogeneity (I2 = 60.87%), a decision was made by the consensus of two researchers to exclude the study by Yazici et al. [35] from further analysis, assuming that it causes substantial heterogeneity which according to the analysis can be seen in Figure 4.



After this decision, the following results were obtained: (SMD = 0.550; 95% CI = 0.355, 0.746, p ˂ 0.001), heterogeneity (I2 = 0%, p = 0.521) (Figure 5).



Figure 6 shows the Leave-one-out meta-analysis for the outcome of the Lordotic angle that was done to decide whether to exclude one of the studies Fatemi et al. [42] and Javid et al. [43] from further analysis. The results show that nothing significant would change (SMD = 0.550 vs. SMD = 0.535). For the study by Okhli et al. [34], one of the experimental groups was taken as a control group in the subgroup “Treatment” because the data of the control group were not available.




3.1.2. Subgroup Analysis


After a detailed analysis, the analysis of the subgroup for the factor of the year was performed and the following results were obtained: (Subgroup Younger group, SMD = 0.640; 95% CI = 0.272, 1.009, p ˂ 0.001, heterogeneity I2 = 27.44%, p = 0.239; Subgroup Older group, SMD = 0.520; 95% CI = 0.251, 0.788, p ˂ 0.001, heterogeneity I2 = 0%, p = 0.584) (Figure 7). Subgroup analysis was also performed for the control group factor (treatment or no treatment) and the following results were obtained: (Subgroup Treatment, SMD = 0.527; 95% CI = 0.272, 0.781, p ˂ 0.001, heterogeneity I2 = 0%, p = 0.759; Subgroup No treatment, SMD = 0.577; 95% CI = 0.216, 0.938, p = 0.002, heterogeneity I2 = 27.23%, p = 0.230) (Figure 8).






4. Discussion


4.1. Summary of Main Results


In this systematic review, we combined the results of 10 studies to calculate the magnitude of the effect of corrective exercise on subjects with lumbar lordosis and hyperlordosis, of which there were 482, which was the aim of this study. Correction and prevention of lumbar lordotic deformities is the main goal of therapists who work with subjects who have lumbar lordosis and hyperlordosis. The only outcome for which we determined the magnitude of the effect of corrective exercises was LLA. For this outcome, subgroup analysis for the year factor and for the control group factor (treatment or no treatment) was performed. In subjects with lumbar lordosis or hyperlordosis, LLA is used as a guideline for physiotherapists to set goals and plans for further interventions [41,43]. By applying the different corrective exercise approaches shown in Table 1, the LLA was statistically significantly reduced. Statistical analysis of LLA outcomes for the total effect size of corrective exercises achieved statistical significance (SMD = 0.550, p ˂ 0.001, according to the Cohen guide, is a moderate effect size) (Figure 5). Previously, the study by Yazici et al. [35] was excluded from the analysis because it contributed to substantial heterogeneity (I2 = 60.87%, p = 0.004), as seen in (Figure 4). After that, there was no more heterogeneity (I2 = 0%, p = 0.521) (Figure 5). Leave-one-out meta-analysis shows how each individual study affects the overall assessment of other studies (Figure 6).




4.2. Overall Completeness and Applicability of Evidence


In our review, all relevant types of subjects with problems of lordosis [32,44,45] and hyperlordosis [34,35,41,42,43,46,47] were investigated. Different types of corrective programs (Lumbar stabilization exercise, Forward head posture corrective exercises, William training, Combining Core Stability with Stretching Exercises, Sling exercise, Corrective Exercises of America’s National Academy of Sports Medicine, and Pilates exercise) were recorded, but due to their number, it is not possible to do a subgroup analysis to get the effect size for each of these methods. The respondents included ranged from nine to 60 years old, which gives relevance to this review article, although for such a small number of studies involved, this may be a problem. The obtained results of our analysis give a positive message to the subjects with lordosis and hyperlordosis and related low back pain. They are proof that the problems of this type of respondent can be improved by applying for the mentioned corrective programs. Some studies have shown that the extent of lumbar lordosis is affected by age and gender, pregnancy, or obesity [20,21]. The results of our meta-analysis show that different corrective programs have a moderate effect size in older subjects (SMD = 0.520; ≥0.5 according to the Cohen guide is a moderate effect size).




4.3. Quality of the Evidence


All studies included together had a low risk of bias. A high risk of bias appears in the item “allocation concealment”, while the study of Cho et al. [44] was the only one to have a high risk of bias for two items. The “allocation concealment” was difficult to determine as the published reports did not provide enough details for the verdict. A pooled estimate of the magnitude of the effect was consistent, indicating the absence of heterogeneity after the exclusion of one study. Subgroup analysis shows that the magnitude of the effect of applying different corrective programs is greater in younger respondents than in older ones. The results of the subgroup analysis for the control group factor (treatment or no treatment) show uniform results. The effects of corrective programs would have been even better if the studies had used quality of life as an outcome, which assesses the subjective feelings of the respondents after the therapeutic program.




4.4. Potential Biases in the Review Process


We have undertaken an exhaustive search based on multiple electronic databases and supplementary sources. However, we acknowledge that other relevant studies in the gray literature or other languages may have been neglected. The decision to use one experimental group from the study of Okhli et al. [34] as a control, due to the unavailability of data from the control group, is not a bias for us because other studies report the use of different treatments in the control groups. In the study by Yakhdani et al. [41], we did not include another experimental group that used water treatment for the reason that it would be the only such group, so we hypothesized that it would lead to confusion and possibly increase heterogeneity. After performing a sensitive Leave-one-out meta-analysis, we did not exclude one of the studies, Fatemi et al. [42] or Javid et al. [43], which could be biased in the review process. The decision was made because the Leave-one-out meta-analysis showed that the results of the effect size would not change significantly (SMD = 0.550 vs. SMD = 0.535). The change would be that the number of respondents included in our analysis would be reduced from 482 participants to 442. Excluding the study, Yazici et al. [35], in our opinion, is not a bias and is a good decision, although it reduces the magnitude of the effect but solves the problem of heterogeneity. The study by Hosseinifar et al. [45] had respondents ranging from 18 to 50 years, which was a big problem in the subgroup analysis for the factor of the year, how and where to classify it, so we excluded it only for subgroup analysis, and we think that the decision was a good one. In our study, 167 male and 315 female respondents participated. Subgroup analysis by gender could not be done because some studies used mixed subjects. The use of different measuring instruments may be a bias, but this did not affect the homogeneity of the included studies. In our analysis, the nine studies included were RCT, while one study did not state whether it was randomized.




4.5. Agreements and Disagreements with Other Studies or Reviews


Our meta-analysis is the only one that has addressed this issue. A meta-analysis by Gálvez et al. [48] examined the effects of exercise programs on kyphosis and lordosis angle, and four studies measured LLA. The magnitude of the effect in their analysis for LLA outcome was (SMD = 0.13; according to the Cohen guide, the magnitude of the effect is negligible), with high heterogeneity (I2 = 80%) with the prior exclusion of one study as in our case. This difference in the effect size (SMD = 0.550 vs. SMD = 0.13), according to our assumption, lies in different degrees of freedom. We ended our analysis with 9 degrees of freedom (df = 9), and they with 3 degrees of freedom (df = 3). Therefore, there was no scope in their analysis to solve the problem of great heterogeneity. In addition to the study by Gálvez et al. [48], we did not find any more meta-analysis with which we could compare the results from our analysis. We did not comment on the values of the results from the individual studies that were included in our study because the aim of this paper was to obtain the overall magnitude of the effect size through the pooled results.




4.6. Limitations and Future Studies


This study has several limitations. First, despite a comprehensive search, our study included only those written in English. Second, despite a detailed search, the number of studies found is relatively small. We think that we should have had more coverage in the search according to the year of publication of the study. The desire was to examine studies from the last ten years. Third, the magnitude of the effect was not estimated for any outcome other than LLA.



We believe that the application of different programs in the future will lead to the fact that their magnitudes of effects can be differentiated, and better conclusions can be made about which methods would be best to use. We also recommend researchers conduct corrective programs in water, and the synthesis of their results will be useful in planning the treatment of subjects with lordosis, hyperlordosis, and related low back pain.





5. Conclusions


This study dealt with the effects of different corrective exercises on Lumbar lordotic angle correction in subjects with lordosis and hyperlordosis. The current meta-analysis indicates that corrective exercises have a moderately positive effect on the correction of Lumbar lordotic angles in lordotic and hyperlordotic subjects. The results realistically show the magnitude of the effect because they do not show heterogeneity. In order to arrive at such a result, however, we had to exclude the results from one study that created substantial heterogeneity. We believe that our meta-analysis can be useful to many physiotherapists and clinicians in solving problems in patients with low back pain, lordosis, and hyperlordosis, and also provide an incentive for further work and future research.
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Figure 1. Flow diagram of the process of study selection for the meta-analysis. 
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Figure 2. Risk of bias graph: review authors’ judgments about each risk of bias item. 
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Figure 3. Risk of bias for each study: green—low risk, yellow—unclear risk, red—high risk. 
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Figure 4. Standardized mean difference (SMD), outcome: Lumbar lordotic angle. Squares represent the SMD for each trial. Diamonds represent the pooled SMD across trials. 
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Figure 5. Standardized mean difference (SMD), without study Yazici et al. [35] Outcome: Lumbar lordotic angle. Squares represent the SMD for each trial. Diamonds represent the pooled SMD across trials. 
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Figure 6. Leave-one-out meta-analysis, outcome: Lumbar lordotic angle. 
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Figure 7. Standardized mean difference (SMD), outcome: Lumbar lordotic angle, Subgroup analysis, Older and Younger group. Squares represent the SMD for each trial. Diamonds represent the pooled SMD across trials. 
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Figure 8. Standardized mean difference (SMD), outcome: Lumbar lordotic angle, Subgroup analysis, Control group Treatment or No treatment. Squares represent the SMD for each trial. Diamonds represent the pooled SMD across trials. 
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Table 1. Characteristics of the included studies.
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Study

	
N

	
Program Type

	
Outcome

	
Lordotic

	
Age

	
Sessions

	
Duration

	
Instrument to




	

	

	

	

	
Angle

	

	
Per Week

	

	
Measure Angle






	
Cho 2015 [44]

	
30

	
Lumbar stabilization exercise

	
LLA

	
32.1° ± 3.3°

	
48 ± 6.9

	
(3× week)

	
6 weeks

	
Plain




	

	

	
Conservative treatment

	

	
32.3° ± 3.5°

	
44 ± 6.7

	

	

	
radiography




	
Fatemi 2015 [42]

	
40

	
William training

	
LLA

	
55.22° ± 6.00°

	
15–18

	
(3× week)

	
8 weeks

	
Flexible ruler




	

	

	
Control group (no treatment)

	

	
54.48° ± 6.54°

	

	

	

	




	
Hosseinifar 2018 [45]

	
32

	
Stabilization exercise

	
LLA

	
27.63° ± 3.3°

	
18–50

	
(6× week)

	
2 weeks

	
Flexible ruler




	

	

	
Control group (physiotherapy protocol)

	

	
27.63° ± 4.7°

	

	

	

	




	
Javadipour 2020 [46]

	
30

	
Stretching-core stability exercises

	
LLA

	
62.25° ± 3.88°

	
13–15

	
(3× week)

	
8 weeks

	
Flexible ruler




	

	

	
Control group (no treatment)

	

	
62.25° ± 3.88°

	

	

	

	




	
Javid 2014 [43]

	
40

	
William training

	
LLA

	
55.22° ± 6.00°

	
15–18

	
(3× week)

	
8 weeks

	
Flexible ruler




	

	

	
Control group (no treatment)

	

	
54.48° ± 6.54°

	

	

	

	




	
Ko 2018 [32]

	
29

	
Lumbar stabilization exercise

	
LLA

	
40.0° ± 1.5°

	
43.1 ± 3.7

	
(3× week)

	
12 weeks

	
ViewRex




	

	

	
Sling exercise

	

	
38.9° ± 2.1°

	
43.6 ± 4.5

	

	

	
system




	

	

	
Control group (no treatment)

	

	
40.0° ± 2.4°

	
41.3 ± 3.8

	

	

	




	
Moustafa 2015 [47]

	
154

	
Corrective exercises

	
LLA

	
49.5° ± 3.4°

	
49.1 ± 4.9

	
(2× week) first 4 weeks

	
10 weeks

	
Formetric




	

	

	
Control group (standard care)

	

	
49.3° ± 3.2°

	
50.5 ± 4.8

	
(3× week) second 6 weeks

	

	
system




	
Okhli 2019 [34]

	
45

	
NASM

	
LLA

	
53.7° ± 1.83°

	
15.26 ± 1.03

	
(3× week)

	
8 weeks

	
Flexible ruler




	

	

	
Pilates exercises

	

	
53.13° ± 1.73°

	
15.02 ± 1.28

	

	

	




	

	

	
Control group (no treatment)

	

	
N/A

	
14.76 ± 1.13

	

	

	




	
Yakhdani 2017 [41]

	
42

	
Water exercises

	
LLA

	
68.43° ± 11.75°

	
9–12

	
N/A

	
8 weeks

	
Flexible ruler




	

	

	
Land exercises

	

	
63.18° ± 11.5°

	

	

	

	




	

	

	
Control group (no treatment)

	

	
61.32° ± 6.43°

	

	

	

	




	
Yazici 2017 [35]

	
40

	
Corrective exercise

	
LLA

	
48.23° ± 1.74°

	
16.84 ± 1.84

	
(3× week)

	
8 weeks

	
Spinal Mouse




	

	

	
Control group (no treatment)

	

	
48.51° ± 2.18°

	

	

	

	
device








LLA—Lumbar lordotic angle; N/A—no answer; NASM—National Academy of Sports.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
o o0 .00,
20 by
R s
e e B

e Yosae o 244 P §dks 0578,
ot s Pt P

Lol





media/file4.png
Risk of bias

Other bias
Selective reporting (reporting bias)
Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias)

Blinding of participants and personnel
(performance bias)

Allocation concealment (selection bias)

Random sequence generation (selection bias)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

ELowrisk © Unclearrisk ®High risk





nav.xhtml


  ijerph-19-04906


  
    		
      ijerph-19-04906
    


  




  





media/file16.png
Studies

Cho 2015
Hosseindar 2017
Mousta‘a 2015
Okhi 2019

Subgroup Treatment (122=0 % , P=0.759)

Faterm 2015
Javadipour 2020
Javid 2014

Ka (sing) 2018

Ko (stabiizalion) 2018
Yakhdani 20318

Subgroup No treatment  [I42=27.23 %, | P=0.210)

Overall {I*2=0 % , P=0521)

E=stimate (95% C.1.)

D.674
0,342
0.594
0.247
0.529

0.695
0.281
0.69%
0.090
0.138
1,413
0.577

0,550

(-0.082,
(-0.35¢,
{e.271,
(=0.471,
(e.272,

{0,087,
[-0.33%,
{0,087,
"OOBLlO
[-0.766,
{0.588,
{0.21¢,

{0,388,

1.409)
L1,040)
0.817)
0.,968)
0.781)

L.333)
1.900)
L.333)
0.98%1)
1.037)
2.241)
0.938)

0,746)

L5






media/file2.png
Eligibillity Screening Identification

Included

Records identified from PubMed, Web of
Science. Cochrane Library, and Google

Scholar (n=219)

Excluded duplicate (n=33)

Title and abstract screened (n=172)

»| Written in foreign language (n=14)

Excluded publications (n=135)
- eBooks and books (n=58)

Full-text articles reviewed (n=37)

» - Irrelevant article (n=69)
- Examine other spinal problems (n=8)

Excluded after full-text screening (n=27)
- No assessment LLA (n=16)

Articles included (n=10)

- Do not have a control group (n=6)
L- Case study, pilot study (n=5)






media/file5.jpg
Cho 2015
Fatemi 2015
Hosseinifar 2017
Javadipour 2021
Javid 2014

Ko 2018
Moustafa 2015
Okhli 2018

Yazicl 2017

Risk ofbias legend

(A) Random s2quence generation (selection blas)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and psrsonnal (performance bias)
D) Blinding of outcome assessmant (detection bias)

(E) Incomplete outcome data (attrition bias)

F) Selectve reporting (reporting blas)

(G) Other bias





media/file3.jpg
Risk of bias

Other bias
Selective reporting (reporting bias)
Incomplete outcome data (attrition bias)

Blinding of outcome assessment detection bias)

Blinding of participants nd personnel
(performance bias)

Allocation conceatment selection bias)

‘Random sequence generation (selection bias)
086 109620%30% 409 509 603 70% 809 9094100%

=Low

K “Unclearrisk ®High risk





media/file1.jpg
Eligibillty Screening Identification

Included

‘Records identfied from PubMed, Web of
Science, Cochrane Library. and Google:
Scholar (1=219)

S E—

Tile and sbstract sereened (u=172)

P T

Fulltextaticles reviewed (2°37)

Excluded duplicate (2=33)
Written in foreign language (n-14)

‘Excluded publications (1=135)
- eBooks and books (n=58)

~Inelevant aricle (1-69)

* Exaine other spinal problems (1=5)

P S——

Artices included @=10)

Excluded after fll-text sereening (1=27)
-No sssessment LLA (1=16)

~Do not have a control growp (n=6).

- Case study.pilot study (@=5)






media/file7.jpg
v ams . 0.062, .40
Fars 2015 o o087, 1399
Horsantac 2017 302 (-alsse, 1.000)
rdooe 020 081 0439, 1.000)
wazore ol s, 1)
Ko s 016 0% ol 0.98m)
Ko sastaaton 2018 0.3 (Co.766, 1037
Moo 215 oien ., v
o0 e (oo 0.0em
it 2018 L (.55, 2,260
Yezei207 230w, 302

Orent (25007 5. PR000) 0,673 (0,346, 30001






media/file10.png
Studies Estimate (95% C.I.)

Cho 2015 0.674
Fatemi 2015 0.695
Hossemifar 2017 0,342
Javadipour 2020 0,281
Javid 2014 0,685
Ko (sling) 2018 0.0820
Ko (stabikzation) 2018 0.135
Meustafa 2015 0,554
Okhnli 20198 0.247
Yakhdani 2016 1.413

Overall (1*2=0 % , P=0.521) 0.550

(~0.082,
(0.057,
(-0,358,
(’0.‘390
(0.057,
(-0.811,
(-0.786,
(0,271,
(-0.471,
(0.585,

(0.355,

1.408)
1.333)
1.9049)
1.000)
1.333)
0.891)
1.037)
0.217)
0.968)
2.241)

0.746)

-
-
-
-
—
L4 :
-
—_—
r r T T
L5 0 14

0 1
Standardized Maan Differance





media/file12.png
Studies

Overall

- Cho 2015

- Fatemi 2015

- Hosseinifar 2017

- Javadipour 2020

- Javid 2014

- Ko (sling) 2018

- Ko (stabi@ization) 2018
- Moustafa 2015

- Okhli 2012

- Yakhdani 2016

Extimate (95% C.I.)

0.550

0.341
0,835
0.568
0.372
0.835%
0.573
0.571
0.525
0.575
0.500

(0.355,

(0.338,
(0,330,
(0.3€65,
(0.3&9,
(0,330,
(0,373,
(0.371,
(0.279,
(0.372,
(0.2%9,

0.746€)

0.744)
0.741)
0.772)
0.775)
0.741)
0.773)
0.771)
0.771)
0.778)
0.701)

'
'
.
.
.
'
'
'
'
.

< . >
-~ -3 -
. »
. >
- . v
- s
. >
« 5 >
— 2
¢ =
r Li | | ‘A. 1 A 1
0as 04 0as 05 0ss 06 0 &5 o7

Standardized Mean Difference





media/file9.jpg
o218
Fateni 2015
Hossenito 207
madgou 020
g 2014

Ko g 201

Ko abtzrion 016
Moumata 2015
ey

o 201

Overa 4250%  Pe0s21) 0.350

atimase (988 G50

0.07 (0,002,
oless t0.087,
s

e

olseny
22






media/file0.png





media/file14.png
Che 2015

Ko (skng) 2018

Ko (stabiization) 2018

Moussafa 2015

Subgroup Older group (1*2s0 % , P=0.584)

Faterrn 2015

Javadipour 2020

Javid 2014

Qkhk 2019

Yakhdan 20186

Subgroup Younger group (1°2e27.44 % , P=0.239)

Overall (1*2=0 % , P=0.458)

Eotimate (958 C.I1.)

0.694 (-0.082, 1.490%9)
0.080 (~0.81L, 0.931)
0.135 (~0.766, 1.037)
0,564 (0.271, 0.417)
0.320 (0.251:, 0.7a8)

0,665 (0,057, 1.333)
0.28) (=0.439, 1.000)
0.655 (0.057, 1.333)
0.2&7 (-0.47L, 0,.%86%)
1.413 (0.858%, 2_241)
0.640 (0.272, 1.009)

0.%68 (0.365, 0.772)

L8





media/file8.png
Studies Estimate (95% C.I.)

Cho 2015 0.674
Fatemi 2015 0.683
Hossenifar 2017 0.342
Javadpour 2020 0.281
Javid 2014 D.695
Ko (sing) 2018 0.0%0
Ko (stabilzation) 2018 0.135
Moustafa 2015 0.654
Okhii 2019 0.247
Yakhdani 2016 1.413
Yazici 2017 2-303

Overall (1*2=60.87 % , P=0.004) ©.673

(~0.0862,
{0.057,
(-0.358&,
(~0.439,
(0.057,
(-0,811,
(-0.78¢,
(0.271,
(«0.471,
(0.685,
{1.504,

(0,346,

1,409)
1.333)
1.040)
1,000)
1,333)
0.991})
1.037)
0.517)
0,%45)
2.241)
3.102)

1.000)






media/file11.jpg
Stwdies
overst

~eroz018
“Faum 2015
Honsaitar 2017
~sevado 2020
s
~Ko s 2018

Ko (sabtaaton) 018
Zomiis
Yecan 2016

Eatimate (984 €.1.)
0550 (0.358, 0.746)

0562 (0.338, 0.700)
0538 (0,320, 0781

o568 ol
olsn ol
o6 P
P ol
o5z ey
068 olm
o500 oi0m






media/file6.png
Risk of Bias

Study
Cho 2015
Fatemi 2015
Hosseinifar 2017
Javadipour 2021
Javid 2014
Ko 2018
Moustafa 2015
Okhli 2018

Yazicl 2017

Risk ofbias legend
(A) Random saquence generation (selection blas)

B) Allocation concealment (selection bias)

(C) Blinding of participants and psrsonnal (performancs bias)
D) Blinding of outcome assessmant (detection bias)

(E) Incomplele cutcome data (attribon bias)

(F) Selectve reporting (reporting bias)

(G) Other bias






media/file15.jpg
o 217
b Tresmen 420, P78

o

aion

@ i 20

g o st 427 23%, P850

e P2






