Pre prints.org

Article Not peer-reviewed version

Is Hip Muscles Flexibility Associated
with Low Back Pain Among First-Class
Undergraduate Students?

Janan Abbas ” , Noa Reif , Kamal Hamoud
Posted Date: 18 November 2024
doi: 10.20944/preprints202411.1233.v1

Keywords: Low back pain; muscle flexibility; physical activities; students

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/2594318

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 November 2024 d0i:10.20944/preprints202411.1233.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Is Hip Muscles Flexibility Associated with Low Back
Pain Among First-Class Undergraduate Students?

Janan Abbas *, Noa Reif and Kamal Hamoud

Department of Physical Therapy, Zefat Academic College, Zefat, 13206, Israel
* Correspondence: janan1705@gmail.com

Abstract: Background and objective. Hip muscles lengthening is commonly associated with the normal
function of the lumbar spine and lower extremities. Some evidence correlates hamstrings and iliopsoas
tightness with low back pain (LBP). Undergraduates are more prone to LBP as they are involved in prolonged
sitting and mal-posture. This study aims to assess the impact of hip muscles lengthening on LBP. Methods: A
descriptive study of 70 students who were recruited from Zefat Academic College. Measurement of hamstrings
and iliopsoas muscles lengthening as well as a constructive questionnaire were used. Results: The majority of
participants (80% for the Hamstrings and 96% for the Iliopsoas) manifested normal muscle lengthening. Muscle
flexibility was significantly higher among females. The logistic regression analyses revealed that hamstrings
lengthening (right), and stress-related study, are significantly associated with LBP. Conclusions: The current
study indicates that muscle length is female-dependent and right-left muscle length is symmetrical. Increased
hamstrings length could be related to LBP.
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1. Introduction

Flexibility of muscles is considered an essential element of normal biomechanical function [1]
and optimizing the performance of physical activities [2]. Reduced flexibility not only decreases the
range of motion but can also lead to various other musculoskeletal problems [3].

Hip muscles such as the hamstrings are commonly linked with movement dysfunction at the
lumbar spine complex and lower extremity and have been coupled with low back pain [4]. Evidence
has also correlated a decrease in psoas lengthening to LBP due to the connection of this muscle to the
pelvis and lumbar spine [5]. It has been postulated that psoas tightness may lead to lumbar
hyperlordosis, predisposing to apophyseal facet impingement which may produce pain in the lower
back [6]. In addition, hamstrings tightness was found to have a positive correlation with the severity
of LBP [7].

Low back pain (LBP) is a widespread health problem that affects individuals of all ages and
professions. It is one of the most common musculoskeletal disorders worldwide [8] leading to
disability and economic burdens. Moreover, LBP profoundly impacts the quality of life, productivity,
and mental health [8, 9]. LBP is considered a multifactorial reason? (etiology?) and involves various
structures such as facet joints, intervertebral discs, and muscles. Although LBP increases in the
elderly, its prevalence among adolescents (18-24 years) is higher (up to 40%) [10, 11].

Undergraduate students, particularly in health science, are at high risk for developing low back
pain due to the demanding nature of the curriculum, prone to physical exposure at clinical practice,
and prolonged sitting [12-14]. Although the importance of hip muscles flexibility for maintaining
joint mobility and relieving musculoskeletal disorders [15-19], few studies have addressed the impact
of these muscles on LBP. Additionally, the existing data regarding hip muscles’ flexibility and LBP
are ambiguous.

Hence, this study aims to characterize hip muscles flexibility among first-class undergraduate
students and to reveal whether hip muscles lengthening is associated with LBP.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

A descriptive study was conducted in the 2023 and 2024 Academic years, at Zefat Academic
College in the north of Israel. Seventy volunteers (13 males and 57 females) among first-class students
(age range 18-49 years) were enrolled in this study. Participants were excluded if they were (1)
pregnant, (2) underwent surgery in their spine or lower extremities, (3) had neuromuscular-skeletal
diseases and (4) had anatomical deformities related to the spine and chest wall. A consent form,
which included the purpose of the research and the right of the participant to withdraw at any time,
was received from each participant. This study has recruited only the first class because this research
is part of a prospective one that intends to follow up with the students for 1 to 2 years. This study
was conducted according to the Helsinki Declaration and approved by the Departmental Research
Ethics Committee, Zefat Academic College (no. 2-2024).

2.1. Instruments and Measures

Structured questionnaire. We used the modified validated Standardised Nordic Questionnaire
[20] that sought information on sociodemographic characteristics, physical activities, and factors
related to sedentary behavior and smoking habits [21,22] (Table 1). Students were also asked if they
had suffered from LBP in the last week. Pain intensity was measured following the visual analog
scale (VAS) [23]. Data about study-related stress was also recorded [21].

Table 1. Sample size characteristics .

% (n) /or Mean *=SD

Male 19 (13)
Female 81 (57)
Mean age (year) 25+6
Mean BMI (kg/m?) 23.7+4
Dominant right-hand- 90 (63)
Marital status:
Single 79 (55)
Others 21 (15)
Smoking 11 (8)
General Chronic diseases 27 (19)
Constant medication use 17 (12)
Religion & faith:
Secular 59 (41)
Traditional 14 (10)
Religion and orthodox 21 (15)
Others 6 (4)
Involved with aerobic physical activities (e.g., walking and 50 (35)
swimming)
46 (32)

Involved with anaerobic exercise (e.g., Pilates and Yoga)

Sustained daily sitting:

Up to 3 hours 51 (36)
>3 to 5 hours 33 (23)
> 5 hours 16 (11)
Total daily sitting:
Up to 6 hours 44 (31)
Between 6-8 hours 47 (33)
>8 hours 9 (6)

Study-related stress:
Very high -Quite high 56 (39)
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Little- None 44 (31)

Low back pain in the last week 46 (32)
Hamstrings flexibility (degree) right 922 +17
Hamstrings flexibility (degree) left 91.8+17

Hamstrings shortness 20 (14)
Iliopsoas flexibility (degree) right 11.6+8
lliopsoas flexibility (degree) left 124+7

Iliopsoas shortness 4 (3)

Muscle flexibility. Hamstrings and iliopsoas length was evaluated through passive straight-leg
raise [24] and the modified Thomas test [25], respectively. One of the authors (NR) measured the
muscle length on both sides in which each side was evaluated three times and the mean value was
then recorded. Hamstrings tightness was defined when the range of passive hip flexion was less than
80 degrees, whereas the inability of the hip to extend to a neutral position was considered iliopsoas
tightness [26].

Body anthropometry. One of the authors (NR) evaluated each participant for height and weight
using a digital device (Shekel, H150-5). The BMI value was calculated as the weight (kg) divided by
height in meters squared (m?).

2.2. Statistical Analyses

The data were analyzed using the SPSS software 25. The intra-class correlation coefficient was
calculated to determine the intra-tester and inter-tester reliability of the measurements of muscles
flexibility (repeated measurements of 15 individuals). All continuous parameters (e.g., age, weight,
and muscle length) were checked for normal distribution when running the Kolmogorov-Smirnov
test. An Independent t-test was used to check the association between muscle length and LBP, gender,
and physical activities. Paired t-test was carried out to reveal the right-left muscle length asymmetry.
Logistic regression analysis (backward LR) determined the variables associated with LBP (LBP -
dependent variable, independent- age, BMI, muscle length, prolonged sitting, etc.). A significant
difference was set at P <0.05.

3. Results

The intra-tester and inter-tester reliability results (ICCs) for measuring the hamstrings and
iliopsoas lengthening were very high: 0.995 to 0.985 and 0.992 to 0.942, respectively. The demographic
and sedentary features of the participants are presented in Table 1. All participants' mean age and
BMI values were 25 + 6 years and 23.7 +4, respectively. About 81% of the participants were females,
and 11% were habitual smokers. Forty-six percent of the students suffered from LBP and 27% have
chronic diseases. Half of the participants were involved in physical activities: 50% for aerobic training
and 46% for anaerobic activity. Forty-nine percent of students spend time in a prolonged sedentary
position (> 3 hours).

3.1. Muscles Length Characteristics

The majority of the participants have normal muscle length (80% for the Hamstrings and 96%
for the Iliopsoas) (Table 1). Females manifested greater muscle flexibility for the hamstrings and
iliopsoas than males, adapted for the same age and BMI (P<0.05) (Table 2). In addition, individuals
who were engaged in anaerobic physical activity (e.g., Yoga) revealed significant muscle flexibility
compared to those who did not practice this activity (P<0.05). A high correlation was reported
between the flexibility of the hamstrings and iliopsoas muscles (r= 0.692; P<0.001). In contrast, no
significant asymmetry was noted for hip muscles lengthening (hamstrings right-left: 92.1 +17 vs. 91.8
+ 17, P=0.734, and iliopsoas right-left: 11.5 + 8 vs. 12.4 + 7; P= 0.08). Notably, this trend was also
established when the analysis was conducted separately for individuals with and without LBP.
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Table 2. Mean muscle lengthening (right and left) by gender and physical activities.

Gender Aerobic activity Anaerobic activity
Muscle Males Females Yes (n=35) | NO (n=35) Yes NO
lengthening (n=13) (n=57) (n=32) (n=38)
(degree = SD)
Right hamstrings 785+13vs. 95217 914+18 vs. 92.8+16 | 97.7+17 vs. 87.4 16
P=0.001 P=0.736 P=
0.015
Left hamstrings 80.6+10vs. 944+17 | 91.6+16 vs.92+18 976 £18 vs. 87 =+
P=0.001 P=0.915 15
P=
0.013
Right iliopsoas 57+8 vs. 128+7 11.2+10 vs.119+6 |144+8 vs. 91+
P=0.012 P=0.719 7
P=
0.007
Left iliopsoas 768 vs. 135%7 |122+9 vs. 126+6 |155+7 wvs. 97 %
P=0.031 P=0.818 6
P=
0.002

3.2. Muscle Flexibility and LBP

No significant difference was found in the mean age of subjects between the group of LBP and
those without LBP (25 + 5 vs. 24.5 + 4, P=0.795). Participants with LBP displayed greater hip muscles
flexibility than those without LBP, however, significant differences were noted only for the
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hamstrings muscles (Table 3). The logistic regression analyses showed that right hamstrings length
(OR= 1.035, P= 0.033) and study-related stress (OR=3.836. P=0.013) increase the likelihood of LBP
among undergraduate students (Table 4).

Table 3. Muscle lengthening and low back pain.

Muscle lengthening Low back pain (n=32) | Without low back pain (n= 38)
Right hamstrings (degree + SD) 97+ 16 88 +17
P=0.029
Left hamstrings (degree + SD) 96.5+19 878 =15
P=0.042
Right iliopsoas (degree + SD) 13.5 * 8
9.8+8
P=0.066
Left iliopsoas (degree + SD) 14 * 7
11£8
P=0.115
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Table 4. A logistic regression analysis for the variables associated with LBP among first-class

students.
Variable OR 95% CI P value
BMI 0.893 0.784-1.018 0.090
Study-related stress 3.836 1.330-11.063 0.013
Hamstrings length Rt. 1.035 1.003-1.069 0.033

OR- odds ratios, CI- confidence intervals, BMI- body mass index.

4. Discussion

The results of this study indicate that hamstrings flexibility (OR=1.035) and study-related stress
(OR=3.836) increased the risk of LBP among first-class undergraduates. In addition, females
manifested more muscle (hamstrings and iliopsoas) length than males.

The association between hip muscles flexibility and LBP is in agreement with many previous
studies [27, 28] However, it is not apparent whether muscle tightness or increased muscle flexibility
could lead to LBP. For example, Noormohammadpour and colleagues have previously reported
that adolescent girls who had greater spinal forward bending and increased hip joint range of motion
(ROM) for internal rotation were factors associated with LBP [29]. Partial support could also be
attained from some evidence [29-32] which reported that joint hypermobility was related to LBP.
Indeed, joint hypermobility was not examined in the current study and no cut-off for the extreme
range of hamstrings flexibility was recorded. Yet, the association between increased hamstrings
flexibility and LBP could be attributed to the fact that augmentation of the joint range of motion could
lead to soft tissue strain and wearing of the joint surfaces. On the contrary, it has been reported that
decreased lumbar and hamstrings flexibility was attributed to LBP [28, 33]. In addition, there is
emerging evidence to support conservative treatment for improving hip mobility in non-specific LBP
[34-36]. A meta-analysis study (2017), has reported that restricted hamstrings flexibility as well as
decreased lumbar motion and lordosis were found to increase the risk of developing LBP [37]. On
the other hand, Shakya et al. [38], Mistry et al. [39], and Stutchfield, and Coleman (2006) [40] reported
no association between LBP and hamstrings tightness among students. A recent systematic review
(2019), also documented insufficient evidence to support an association between limited hip ROM
and non-specific LBP [41]. The later authors suggested viewing this conclusion cautiously due to the
low-quality supportive evidence. We attributed this discrepancy to the following reasons: (1) the
diversity of the muscle flexibility measurements, (2) the lack of border limit to discriminate between
a normal and extreme range of flexibility/or lengthening, and (3) the assortment of the study sample
(e.g., students, athletics). Therefore, one could assume that both increased and decreased hamstrings
flexibility at the extremes of the range could alter the kinematics around the lumbopelvic girdle
leading to LBP. We also suggest that clinicians should be aware when they perform stretching for
hamstrings muscle tightness in subjects with LBP.

Our results rule out any relationship between the length of iliopsoas and LBP. Supporting
evidence was also obtained from the study of Volpato et al. [42] and Nourbakhsh et al. [5].

The association between study-related stress and LBP has been well-documented in other cohort
studies on the healthcare populations [14, 43, 44]. For example, a recent systematic review and meta-
analysis study confirmed that biopsychosocial factors (e.g., anxiety and mental pressure) were
strongly related to LBP among nursing and medical students [44]. We believe that academic
institutions may consider developing and implementing proper strategies to mitigate the risk factors
in these students.
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When comparing muscle flexibility and gender of the same age, it is apparent from our data and
others [38, 39, 45-48] that females are more flexible than males. Notably, the effect of gender on joint
ROM and muscle length was considered joint and motion-specific [49].

The current study also revealed a low prevalence of hip muscle tightness (20% for the hamstrings
and 4% for iliopsoas) that contradicts others [38, 50]. One study has reported a medium prevalence
of hamstrings tightness (40.19%) among physiotherapy students in Nepal [38]. Thakur and Rose
(2020) [50] examined 80 healthy college students (40 males and 40 females) and showed a great
prevalence (90% to 96%) of hamstrings tightness (severe to tight) among males and females. Hip
muscle tightness can be caused due to sustained sedentary behavior /and or inactive individuals.
Nevertheless, all subjects in the current study are in their first year of academic education (contrary
to other studies) and we assume that a longer time is needed for the influence of sedentary behavior
on muscle flexibility. A high percentage (46%) of the students were involved in anaerobic activity,
which positively correlated with muscle flexibility. In addition, the diversity of the methodology for
measuring muscle lengthening may affect the outcomes.

Regarding muscle length symmetry, our data agree with that of others who reported no
significant differences between muscle flexibility of the right and left extremities [51-54], but
challenge the study of Stutchfield and Coleman [40].

Limitations of the study. Small sample size from a single Academic Centre. The self-reported
questionnaire could include some biases (e.g., recall and socioeconomic). The duration of pain (e.g.,
acute or chronic) was not described and an unequal ratio of males and females was reported.

5. Conclusions

The current study indicates that the majority of first-year undergraduates manifest normal hip
muscle lengthening (hamstrings -80%, iliopsoas- 96%). Muscle length is gender-dependent, lacking
significant differences between the right and left sides. Increased hamstrings flexibility and stress-
related study were considered predictive factors for LBP. We also believe that further study is needed
to shed light on the extreme ranges of hamstrings muscle length.

Author Contributions: Conceptualization NR and JA; methodology NR and KH; validation and data collection
NR; investigation NR, JA and KH; original draft preparation JA; writing- review and editing JA, KH; supervision
JA; administration JA and KH.

Funding: The authors declare that they have no sources of funding for research reported.

Institutional Review Board Statement: The ethical committee of Zefat Academic College (no. 19- 2022) has
approved this research.

Informed Consent Statement: Informed and written consent was obtained from all subjects involved in the
current study.

Data Availability Statement: Datasets are available to download on request. Requests should be directed to the
corresponding author.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1. Hopper, D; Deacon, S; Das, S; Jain, A; Riddell, D; Hall, T; Briffa, K. Dynamic soft tissue mobilisation
increases hamstring flexibility in healthy male participants. Br ] Sports Med. 2005, 39,594-598.

2. Phrompaet, S; Paungmali, A; Pirunsan, U; Sitilertpisan, P. Effects of pilates training on lumbo-pelvic
stability and flexibility. Asian ] Sports Med. 2011, 2, 6-22.

3. Houston, M.N.; Hodson, V.E.; Adams, K.K.; Hoch, J.M. The effectiveness of whole-body-vibration
training in improving hamstring flexibility in physically active adults. ] Sport Rehabil. 2015, 24, 7-82.

4.  Kotteeswaran, K; Snigdha, J; Alagesan, J. Effect of proprioceptive neuromuscular facilitation
stretching and dynamic soft tissue mobilization on hamstring flexibility in participants with low back
ache - single blinded randomised controlled study. International journal pharmaceutics and bio-science.
2014, 5(3b), 228 —233.


https://doi.org/10.20944/preprints202411.1233.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 November 2024 d0i:10.20944/preprints202411.1233.v1

5. Nourbakhsh, M.R.; Arab, A.M. Relationship Between Mechanical Factors and Incidence of Low Back
Pain. ] Orthop Sports Phys Ther. 2002, 32(9): 447-460.

6.  Bachrach, R.M.; Micelotta, ] and Winuk, C. The Relationship of Low Back Pain to PSOAS Insufficiency.
Journal of Orthopaedic Medicine. 2006, 29(3), 98-104.

7. Radwan, A; Bigney, K.A.; Buonomo, H.N.; Jarmak, M.W.; Moats, S.M.; Ross, ].K,; et al. Evaluation of
intra-subject difference in hamstring flexibility in patients with low back pain: An exploratory study. J
Back Musculoskelet Rehabil. 2015,8, 61-6.

8.  Hoy, D; Brooks, P; Blyth, F; Buchbinder, R. The epidemiology of low back pain. Best Pract Res Clin
Rheumatol. 2010, 24, 769-81.

9.  Amelot, A; Mathon, B; Haddad, R; Renault, M.C.; Duguet, A; Steichen, O.Low  back pain among medical
students: a burden and an impact to consider. Spine. 2019, 44,1390-5.

10. Mohammad, W; El-Sais, W. Prevalence of non-specific self-reported back Pain among adolescents at
Hail Territory-KSA. J Asian Sci Res Asian Econ Social Soc. 2013, 3, 1036-1045.

11. Kennedy, C; Kassab, O; Gilkey, D; Linnel, S; Morris, D. Psychosocial factors and low back pain among
college students. ] Am Coll Health. 2008, 57, 191-196.

12.  Algarni, A.D.; Al-Saran, Y, Al-Moawi, A, Bin Dous, A; Al-Ahaideb, A;  Kachanathu, S.J. The prevalence
of and factors associated with neck, shoulder, and  low-back pains among medical students at university
hospitals in Central Saudi ~ Arabia. Pain Res Treat. 2017,1-7. 1235706:2017.

13. Falavigna, A; Teles, A.R.; Mazzocchin, T, et al. Increased prevalence of low back pain among
physiotherapy students compared to medical students. Eur Spine J. 2011, 20(3), 500-505.
14. Feyer, A.M.; Herbison, P; Williamson, A.M. The role of physical and psychological factors in

occupational low back pain: A prospective cohort study. Occup Environ Med. 2000, 57, 116-120.

15. Kim, M.H,; Yi, CH.; Kwon, O.y.; et al. Comparison of lumbopelvic rhythm and flexion-relaxation
response between 2 different low back pain subtypes. Spine. 2013, 38(15),1260-7

16. Delitto, A; George, S.Z.; Van Dillen, L; et al. Low Back pain. J. Orthop. Sport. ~ Phys. Ther. 2012, 42 (4),
Al1-Ab57.

17. Lee, SW. and Kim, S.Y. Effects of hip exercises for chronic low-back pain patients with lumbar
instability. ] Phys Ther Sci . 2015, 27(2),345-348.

18. Hoffma, S.I; Johnson, M.B.; Zou, D; et al. Effect of classification-specific treatment on lumbopelvic
motion during hip rotation in people with low back pain. Man. Ther. 2011, 16(4), 344-350.

19. Harris-Hayes, M; Sahrmann, S.A.; Van Dillen, L.R. Relationship between the hip and low back pain

in athletes who participate in rotation-related sports. J. Sport Rehabil. 2009, 18 (1), 60-75.

20. Kuorinka, I; Jonsson, B; Kilbom, A. Standardised Nordic questionnaires for the analysis of
musculoskeletal symptoms. Applied Ergonomics. 1987, 18, 233- 237.

21. Jessor, R; Turbin, M.S.; Costa, M.F. Survey of personal and social development at CU. Institute of
Behavioral Sciences, University of Colorado. Available at:
http://www.colorado.edu/ibs/jessor/questionnaires/questionnaire_spsd2.pdf. Accessed, 2003, 19,
2016.

22. Thompson, W.R,; Gordon, N.F.; Pescatello, L.S. American College of Sport Medicine. ACSM’s
Guidelines for exercise testing and prescription. nbsp (9th Edition) Philadelphia. Lippincott Williams

and Wilkins. 2014.

23. Bodian, C.A.; Freedman, G; Hossain, S; et al. The visual analog scale for pain:  clinical significance in
postoperative patients. Anesthesiology. 2001, 95(6),1356- 61.

24. Moore, M.A; Hutton, R.S. Electromyographic investigation of muscle stretching techniques. Med Sci
Sports. 1980, 12, 322-329.

25. Cejudo, A; Baranda, P.S.; Ayala, F.; Santonja, F. Test-retest reliability of seven common clinical tests
for assessing lower extremity muscle flexibility in futsal and handball players. Physical Therapy in
Sport. 2015, 2, 107-113.

26. Kindall, F.P.; McCreary, E.K.; Provance, P. Muscle Testing and Function: with postural and pain. 5th
ed. Baltimore, MD: Williams & Wilkins; 2005.

27. Mierau, D; Cassidy, J.D.; Yong-Hing, K. Low-back pain and straight leg raising in children and
adolescents. Spine. 1989, 14(5), 526-8.

28. Kujala, U.M.; Salminen, ]J.J.; Taimela, S; Oksanen, A; Jaakkola L. Subject characteristics and low back
pain in young athletes and nonathletes. Med Sci Sports Exerc. 1992, 24(6):, 627-32.

29. Noormohammadpour, P; Borghei, A; Mirzaei, S; Mansournia, M; et al. The Risk Factors of Low Back
Pain in Female High School Students. Spine. 2019, 44(6), E357-E365.

30. Harreby, M; Nygaard, B; Jessen, T; et al. Risk factors for low back pain in a cohort of 1389 Danish
school children: an epidemiologic study. Eur Spine J. 1999, 8, 444-50.

31. Simpson, M.R. Benign joint hypermobility syndrome: evaluation, diagnosis, and management. ] Am
Osteopath Assoc. 2006, 106, 531-6.


https://doi.org/10.20944/preprints202411.1233.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 November 2024 d0i:10.20944/preprints202411.1233.v1

32. Russek, L.N.; Errico, D.M. Prevalence, injury rate and, symptom frequency in  generalized joint laxity
and joint hypermobility syndrome in a “’healthy” college population. Clin Rheumatol. 2016, 35, 1029-

39.

33. Feldman, D.E.; Shrier, I; Rossignol, M; et al. Risk factors for the development of low back pain in
adolescence. Am ] Epidemiol. 2001, 154, 30-6.

34. Winter, S. Effectiveness of targeted home-based hip exercises in individuals with non-specific
chronic or recurrent low back pain with reduced hip mobility: A randomised trial. Journal of Back
and Musculoskeletal Rehabilitation. 2015, 28 (4), 811-825. DOI 10.3233/BMR-150589.

35. Hatef, M; Babakhani, F and Ashrafzadeh, M. The efect of static stretching exercises on hip range
of motion, pain, and disability in patients with non-specific low back pain. Journal of Experimental
Orthopaedics. 2021, 8 (1), 55.

36. Grimshaw, P.N. and Burden, A.M. Case report: reduction of low back pain in a professional golfer.
Med. Sci. Sports Exerc. 2000, 32 (10), 1667-1673.

37. Sadler, S.G.; Spink, M.].; Ho, A; et al. Restriction in lateral bending range of motion, lumbar lordosis,

and hamstring flexibility predicts the development of low  back pain: a systematic review of prospective
cohort studies. BMC Musculoskeletal Disorders. 2017, 18:179.

38. Shakya, N.R.; Manandhar, S. Prevalence of Hamstring muscle tightness among undergraduate
physiotherapy students of Nepal using Passive Knee Extension = Angle Test. International Journal of
Scientific and Research Publications. 2018, 8 (1), 182-187.

39. Mistry, G.S.; Vyas, N.J.; Sheth, M.S. Correlation of hamstrings flexibility with age and gender in
subjects having chronic low back pain. IJTRR. 2014, 3(4), 31.

40. Stutchfield, B.M. & Coleman, S. The relationships between hamstring flexibility Jumbar flexion, and
low back pain in rowers. European Journal of Sport Science. 2006, 6(4), 255-260.

41. Avman, M.A,; Osmotherly, P.G.; Snodgrass, S; Rivett, D.A. Is there an  association between hip range of
motion and nonspecific low back pain? A systematic review. Musculoskeletal Science and Practice.
2019, 42, 38-51.

42. Volpato, C.P.; Added, M.A.N; Richter, G; et al. Influence of Stretching and  Strengthening of the Iliopsoas
Associated with Lumbar Segmental Stabilization  Exercises in Patients with Low Back Pain: The pilot
study. Symbiosis . 2014.

43. Mitchell, T, O’Sullivan, P.B.; Burnett, A. Identification of modifiable personal factors that predict
new-onset low back pain: a prospective study of female nursing students. Clin J Pain. 2010, 26, 275-
283.

44. Wong, AY.L; Chan L.LL.Y,; Lo, CW.T,; Chan, WW.Y; et al. prevalence/Incidence of Low Back Pain
and Associated Risk Factors Among Nursing and Medical Students: A Systematic Review and Meta-
Analysis. PM & R. 2021, 13(11), 1266-1280

45. Youdas, J.JW.; Krause, D.A.; Hollman, J.H.; et al., The Influence of Gender and Age on Hamstring
Muscle Length in Healthy Adults. Journal of Orthopaedic & Sports Physical Therapy. 2005, 35(4), 246-
252.

46. James, B; Parker, A.W. Active and passive mobility of lower limb joints in elderly men and women.
Am ] Phys Med Rehabil. 1989, 68, 162-167.

47. Krabak, B.J.; Laskowski, E.R.; Smith, J; Stuart, M.].; Wong, G.Y. Neurophysiologic influences on
hamstring flexibility: a pilot study. Clin ] Sport ~ Med. 2001, 11, 241-246.

48. Wang, S.S.; Whitney, S.L.; Burdett, R.G.; Janosky, J.E. Lower extremity muscular flexibility in long
distance runners. ] Orthop Sports Phys Ther. 1993, 17, 102-107.

49. Walker, ].M.; Sue, D; Miles-Elkousy, N; Ford, G; Trevelyan, H. Active mobility  of the extremities in
older subjects. Phys Ther. 1984, 64, 919-923.

50. Thakur, D and Rose, S. Study To Find Out The Correlation Between The Right And Left Hamstring
Length In Both Genders To Determine The Prevalence Of Hamstring Tightness Among College
Students. Journal of Health and Allied Sciences NU 2016; 06(04), 46-52.

51.  Ahlberg, A; Moussa, M; Al-Nahdi, M. On geographical variations in the normal range of joint motion.
Clin Orthop Relat Res. 1988, 229-231.

52. Roaas, A; Andersson, G.B. Normal range of motion of the hip, knee and ankle joints in male subjects,
30-40 years of age. Acta Orthop Scand. 1982, 53, 205-208.

53. Stefanyshyn, D.J.; Engsberg, ].R. Right to left differences in the ankle joint ~ complex range of motion. Med
Sci Sports Exerc. 1994, 26, 551-555.

54. Steultjens, M.P.; Dekker, J; van Baar, M.E; Oostendorp, R.A.; Bijlsma, J.W. Range of joint motion and
disability in patients with osteoarthritis of the knee or hip. Rheumatology (Oxford). 2000, 39, 955-961.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)


https://doi.org/10.20944/preprints202411.1233.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 November 2024 d0i:10.20944/preprints202411.1233.v1

10

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202411.1233.v1

