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Abstract

Background: Upper crossed syndrome is a muscular imbalance disorder associated with various referred pains, especially jaw discomfort. 
Complications like temporomandibular joint (TMJ) osteoarthritis may link to forward head posture and mechanical head pains resulting 
from this syndrome.
Objectives: The objective of this study was to compare the impact of corrective exercise on pain of TMJ in elderly women with upper cross 
syndrome.
Methods: A total of 30 elderly women with upper crossed syndrome were enrolled at the Kahrizak Elderly Care Center and randomly 
assigned to either a corrective exercise group or a control group. The experiment group underwent an eight-week training program. Pain 
levels and neck range of motion were assessed using a pain ruler and goniometer, respectively. In order to measure neck extension, the 
mean difference and effect size were determined using paired t-test and Cohen’s d, respectively. Referred pain ratings were analyzed using 
Mann-Whitney U and Wilcoxon signed-rank tests, with effect size calculations, to further understand the intervention’s effect on pain 
perception.
Results: Both groups demonstrated significant changes in referred pain perceptions (P = 0.0441) post-intervention. However, regarding 
neck extension, neither the control nor the experiment group exhibited statistically significant alterations in neck extension (P = 0.4309).
Conclusions: These findings indicate that corrective exercises have a positive effect on alleviating referred pain in the jaw joint caused by 
muscle imbalance. Given the merits of corrective exercises as a non-pharmacological intervention, they are recommended as an effective 
approach for improving referred pain in the jaw.
Keywords: Corrective Movements; Proximal Cross Syndrome; Neck Range of Motion; Referred Pain; Temporomandibular Joint; Corrective 
Exercise
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1. Background
Upper crossed syndrome is a muscular imbalance dis-

order associated with various referred pains, including 
headaches, neck pain, and jaw discomfort (1). Complica-
tions like temporomandibular joint (TMJ) osteoarthrosis 
may link to forward head posture and mechanical head 
pains resulting from this syndrome. Temporomandibu-
lar joint disorders have different forms and opinions on 
their prevalence, diagnosis, and treatment divergence. 
Epidemiological studies on this disorder are primarily 
descriptive, leading to lower incidence rates compared 
to prevalence rates, which vary significantly from 10.2% to 
91% in different societies (2-6). Approximately 20 - 30% of 
adults experience TMJ disorders, with most seeking treat-

ment for related symptoms (7). The prevalence of TMJ dis-
orders is higher in women and young individuals, but it 
tends to decrease with age (8).

Upper crossed syndrome causes extensive changes in 
the upper body, including abnormal head posture and 
scapular protraction, leading to an imbalance in head 
alignment. This can result in breathing difficulties, al-
tered oral breathing patterns, and chronic neck pain (9). 
Additionally, it increases the likelihood of developing 
osteoarthritis in the TMJ, leading to inflammation and 
referred pains (10, 11). Temporomandibular joint pain 
is typically described as pain radiating to the lower jaw, 
neck, and head, worsening with activities like talking 
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and chewing (12). Treatment methods include patient 
education, physiotherapy, drug therapy, behavioral 
therapy, and various other interventions (13-15). Exercise-
based approaches, particularly corrective exercises, have 
shown promising achievements in managing TMJ pain 
due to their alignment with the nature of upper crossed 
syndrome (16). Further research is needed to compare 
the effectiveness of corrective exercises with other treat-
ments, such as massage (17).

2. Objectives
Considering the prevalence of upper crossed syndrome 

among adults, investigating non-pharmacological treat-
ments is crucial. This study aimed to compare the effects 
of corrective exercises, a self-administered exercise ap-
proach, with massage to validate their efficacy as inter-
ventions for TMJ pain.

3. Methods
The current study employed a semi-experimental design 

with a pre-test/post-test approach. The participants con-
sisted of 30 women aged between 60 and 70 years, expe-
riencing pain, dryness, and a painful clicking sensation in 
the TMJ area while closing their mouths with the arm. The 
subjects were purposively selected and available with the 
assistance of a doctor. Ethical considerations were strictly 
followed, which included obtaining informed consent 
from all participating volunteers and ensuring the confi-
dentiality of collected information. After selecting the vol-
unteer participants, the research procedure and its overall 
objectives were thoroughly explained to each subject, and 
written informed consent forms were obtained. The sub-
jects were randomly divided into 2 experiments and 1 con-
trol groups. Information regarding the participants was 
collected confidentially both before and after the interven-
tion. Pain levels and neck range of motion were measured 
during the pre-test and post-test phases using a pain ruler 
scale and a goniometer, respectively (18).

The age range was 65 ± 5. The individuals in the control 
group did not perform any corrective exercises over the 
course of 8 weeks, while the experiment group received 
the benefits of corrective movements. The research aimed 
to prescribe functional and effective exercises to alleviate 
TMJ pain in elderly individuals with upper crossed syn-
drome. The selection of these exercises was based on the 
elderly’s ability to perform them and was deemed accept-
able by rehabilitation specialists.

Pain measurement: Pain levels were recorded using a 
pain chart with a numerical rating scale (NRS), which is 
a common rating scale. The participants rated their pain 
on a scale of 0 to 10, where 0 indicated “no pain at all” 
and 5 or 10 represented “the worst pain imaginable.” Pain 
intensity levels were measured at the initial encounter, 
after treatment, and periodically, following guidelines 
and clinical requirements (19). Measurement of neck 
extension range: The extension of the cervical spine was 

measured by determining the distance from the occipital 
to the wall using a tape measure. The degree of flexibility 
in the extension direction of the cervical region was as-
sessed by calculating the difference between these two 
measurements. The test was performed twice, and the 
average value was recorded as an individual record (20).

Training protocol: The exercise protocol was carried 
out three times, with a total duration of 20 minutes. The 
exercises consisted of a combination of stretching and 
isometric contractions targeting the anterior and pos-
terior neck extensors, as well as the deep neck flexors, to 
address part of the syndrome involving the functional 
potential of joints between the cervical vertebrae and the 
TMJ. Special attention was paid to the elderly participants 
during the exercise design process, considering their spe-
cific needs for a physical fitness program. The exercises 
were performed at a low intensity to suit most elderly pa-
tients. Functional and effective exercises were prescribed 
to address misalignment and muscle imbalance in the 
upper quadrant of the body, adhering to the standards 
and exercise patterns presented in ACSM guidelines (21).

3.1. Statistical Data Analysis Methods
To find the mean difference and the effect size with a sig-

nificant level for the variable of the distance from the oc-
cipital to the wall to measure neck extension, paired t-test 
and Cohen’s d, respectively. We also conducted a compre-
hensive analysis of referred pain ratings that were mea-
sured by a pain ruler on a 10-degree scale using both the 
Mann-Whitney U test and the Wilcoxon signed-rank test, 
along with effect size calculations, to gain deeper insights 
into the impact of an intervention on pain perception. All 
statistical analyses were conducted using SPSS v.21, and the 
significance level for tests was set at P ≤ 0.05.

4. Results
In this comprehensive study, our exploration ventured 

into two distinct dimensions of pain perception: neck 
extension dynamics and referred pain assessment. We 
undertook a meticulous analysis of the distance from the 
occipital to the wall during neck extension, scrutinizing 
the effects of interventions on control and experiment 
groups. Additionally, we measured referred pain using 
a 10-degree scale, revealing invaluable insights into the 
quantification and impact of pain experiences.

4.1. Neck Extension and Intervention Effects
Analyzing the control group, participants’ assessments be-

fore and after a designated timeframe indicated a minor in-
crease in the mean distance from the occipital to the wall in 
neck extension. Although this change appeared subtle, sta-
tistical analysis revealed that it was not significant, poten-
tially attributing it to random variations. The experiment 
group, on the other hand, demonstrated more pronounced 
dynamics. A noteworthy decrease in the mean distance sug-
gested the intervention’s potential impact; however, statis-
tical significance remained elusive, mirroring the inherent 
fluctuations seen in the control group (Table 1, Figure 1).
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Table 1.  Neck Extension Variation in the Control and Experiment Groups

Group Pre-Test 
Mean

Post-Test 
Mean

Mean Differ-
ence

Standard 
Deviation 

(SD)

Sample 
Size (n)

Degrees of 
Freedom 

(df)

Cohen’s d t-Value p-Value

Control group 10.6001 10.6439 0.0438 0.0424 15 14 1.0309 1.0342 0.3158

Experiment 
group

10.5561 10.4104 -0.1457 0.1794 15 14 -0.8146 -0.8124 0.4309

Figure 1. Neck extension variation in the control and experiment groups.

4.2. Comparative Interpretation and Effect Sizes
A crucial facet of our study emerged when comparing 

these two groups. Despite a notable reduction in the mean 
distance within the experiment group, statistical insig-
nificance compelled us to tread cautiously in interpret-
ing these results. To examine practical significance, effect 
sizes were computed. Within the control group, a moder-
ate effect size (Cohen’s d = 0.5404) highlighted the influ-
ence of time-related factors. In contrast, the experiment 
group exhibited a smaller effect size (Cohen’s d = 0.2582), 
signifying the intervention’s impact on a pain parameter. 
These relative magnitudes elucidated the distinct nature 
of change within each group (Table 1, Figure 1).

4.3. Referred Pain and Intervention Impact
Shifting our focus to referred pain, we explored the 

experiment group’s response to a specific intervention. 
Here, the results took on a different complexion. The 
experiment group’s pain ratings underwent a signifi-
cant shift before and after the intervention. The median 
pain rating decreased from 5.600 to 4.334, supported by 
a Mann-Whitney U test statistic of 3.0. This statistically 
significant transformation was underscored by a P-value 
of 0.0441, illuminating the intervention’s effect on pain 
perception. Moreover, the effect size (r = 0.2582) revealed 
a small-to-moderate practical impact, substantiating the 
intervention’s effectiveness (Table 2, Figure 2).

Table 2. Referred Pain to TMJ Variation in the Control and Experiment Group
Group Median (Pre-Test) Median (Post-Test) Test Statistic P-Value Effect Size (r)

Experience group 5.600 4.334 3.0 0.0441 0.2582

Control group 6.724 6.640 32.0 0.1261 0.5404

Figure 2. Referred pain to TMJ variation in the control and experiment group.
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4.4. Control Group and Time-Related Factors
In contrast, the control group’s pain ratings remained 

relatively unchanged across the same time interval. Sta-
tistical tests indicated no significant shift, as the Wil-
coxon signed-rank test yielded a p-value of 0.1261. Despite 
this, the effect size (r = 0.5404) highlighted a moderate 
practical impact of time-related factors on pain ratings. 
This underscores the importance of considering various 
influences when interpreting pain perception changes 
(Table 2, Figure 2).

In summary, the study suggests that corrective exercise 
had a positive impact on pain perception related to TMJ 
in elderly women with upper crossed syndrome, as evi-
denced by the significant shift in pain ratings and effect 
sizes in the experiment group. However, it is important 
to note that the control group showed some influence of 
time-related factors on pain ratings as well.

5. Discussion
In Oliver’s study (2002), it was noted that muscle imbal-

ance might lead to trunk drooping at a young age, which 
progressed over time, resulting in a rounded back. Con-
currently, the front muscles are shortened while the back 
muscles are stretched and weakened, causing the head 
to move forward. This forward head posture can increase 
compressive forces on the cervical vertebrae up to three 
times the weight of the head (22). Additionally, aging 
can cause a change in the resting position of the lower 
jaw, which, over time, may contribute to premature TMJ 
osteoarthritis and neck pain (23). Taheri and Mahdevin-
jad (2010) reported two results concerning chronic neck 
pain: A higher average forward head angle in individuals 
with chronic neck pain compared to those without neck 
pain and lower proprioception and mobility in those 
with chronic neck pain (24).

Kyle Teifel (2012) mentioned that upper cruciate syn-
drome could lead to postural changes in the upper back 
over time. It is one of the known causes of spinal kyphosis, 
which can also lead to breathing problems and asthma 
(25). Other complications include neck pain, back muscle 
cramps, and chest and jaw pain, which can be caused by 
mobility disorders of the back and neck muscles, muscle 
imbalance, and muscle fatigue (26). Over time, poor body 
biomechanics and posture can cause early onset of osteo-
arthritis in the cervical spine, chest, and jaw joint (TMJ) 
(27). Abdullahzadeh et al. (2017) and Gupta et al. (2013) 
confirmed the effect of four weeks of corrective exercises 
on improving the forward head. Also, Shenoy et al. (2010) 
and Nobri et al. (2018) confirmed the effect of eight weeks 
of therapeutic exercise on the improvement of the head 
forward and range of motion of the head (28-31).

Chewing muscle pain after toothache is the most com-
mon pain in the oral region. Facial muscle pain disorder 
syndrome is the most common form of TMJ disorders 
(32). Middle-aged and elderly people suffer from chronic 

neck pain over time. The interventions of massage tech-
nique and spinal manipulation can significantly reduce 
TMJ pain during an 8-week period. Controlled exercise 
programs are effective in reducing neck pain. In conclu-
sion, neck pain and posture-related issues are prevalent 
among various age groups and can cause significant dis-
comfort and functional limitations, including the expe-
rience of pain in the jaw. Corrective exercises, massage 
therapy, and spinal manipulation can play a crucial role 
in alleviating pain, improving posture, and enhancing 
overall quality of life (33, 34).

Upper crossed syndrome is a silent disorder with a slow 
manifestation and no initial noticeable symptoms (22). 
Though individuals may tolerate it without pain, com-
plications arise when upper crossed syndrome causes 
joint dysfunction and referred pain. TMJ disorders are 
common, with many being muscular(8, 35). Corrective 
exercises are crucial to the treatment of upper crossed 
syndrome and have proven beneficial, especially in elder-
ly women. While some studies show positive impacts on 
variables like neck extension and TMJ pain, the effective-
ness of specific exercises may vary among studies. Com-
bining exercises could enhance the management of up-
per crossed syndrome. Additionally, cooling the affected 
area has shown a significant pain reduction.

In conclusion, corrective exercises significantly im-
prove upper crossed syndrome in elderly women, poten-
tially surpassing drug therapy and rehabilitation when 
used alone. Yet, further research and a comprehensive 
exercise program are necessary to achieve consistent 
and substantial management improvement of the upper 
crossed syndrome.

Authors’ Contribution:
All authors contributed to the study’s conception and 

design. Mansouri Mahan, Sokhanguei Yahya, and Sohaily 
Shahram were responsible for material preparation, data 
collection, and analysis. All authors provided input and 
revisions. All authors have reviewed and approved the fi-
nal version of the manuscript.

Conflict of Interests:
The authors have no conflicts of interest, financial or 

non-financial, to disclose.
Ethical Approval:
Ethical considerations, including maintaining confi-

dentiality in referring to sources, providing a legal letter 
of introduction, explaining the purpose of the study and 
the roles of the researcher and participants, obtaining 
informed consent, and ensuring the confidentiality of in-
formation, were observed. The subjects entered the study 
voluntarily. All data generated or analyzed during this 
study are included in the published article. However, the 
datasets are not publicly available to ensure the privacy 
and confidentiality of the study participants. Informed 
consent was obtained from all individual participants in-
cluded in the study.

Funding/Support:



Mansouri M et al.

5Health Tech Asmnt Act. 2023; 7(3).

No funds, grants, or other support were received for the 
preparation of this manuscript.

References
1.       Brouwer B, Parvataneni K, Olney SJ. A comparison of gait bio-

mechanics and metabolic requirements of overground and 
treadmill walking in people with stroke. Clin Biomech (Bristol, 
Avon). 2009;24(9):729-34. [PubMed ID:19664866]. https://doi.
org/10.1016/j.clinbiomech.2009.07.004.

2.       Dalai M, Golrokh Amin M, Mahmoudian S. Statistical study of 
DMF and temporomandibular joint (TMJ) in Tehran city. Tehran: 
School of Dentistry, Shahid Beheshti University of Medical Sci-
ences.

3.       Saneyi A, Melki Z, Pariab P. Epidemiological investigation of tem-
poromandibular joint status in selected age groups of Tehran 
province in 1995. Tehran: School of Dentistry, Shahid Beheshti 
University of Medical Sciences; 1996.

4.       Islamian L, Alizadeh Agha F. Studying the prevalence of tem-
poromandibular joint disorders in students of Shahid Beheshti 
School of Dentistry in 1998. J Sch Dent, Shahid Beheshti Univ Med 
Sci. 2001;19:9-15. Persian.

5.       Solberg WK, Woo MW, Houston JB. Prevalence of mandibular 
dysfunction in young adults. J Am Dent Assoc. 1979;98(1):25-
34. [PubMed ID:282342]. https://doi.org/10.14219/jada.ar-
chive.1979.0008.

6.       Morrant DG, Taylor GS. The prevalence of temporomandibu-
lar disorder in patients referred for orthodontic assessment. 
Br J Orthod. 1996;23(3):261-5. [PubMed ID:8894160]. https://doi.
org/10.1179/bjo.23.3.261.

7.       Peymani A. Evaluation of optimal dose of intra-articular injec-
tion of Triamcinolone in treatment of tempromandibular joint 
arthritis in Rat. J Isfahan Dent Scz. 2008;4(4):192. Persian.

8.       Carlsson GE, Magnusson T. Management of temporomandibular 
disorders in the general dental practice. st, editor. Chicago: Quin-
tessence Publishing Company; 1999. p. 192.

9.       Herzog R, Elgort DR, Flanders AE, Moley PJ. Variability in diagnos-
tic error rates of 10 MRI centers performing lumbar spine MRI ex-
aminations on the same patient within a 3-week period. Spine J. 
2017;17(4):554-61. [PubMed ID:27867079]. https://doi.org/10.1016/j.
spinee.2016.11.009.

10.       Ghamkhar L, Kahlaee AH. Is forward head posture relevant to 
cervical muscles performance and neck pain? A case-control 
study. Braz J Phys Ther. 2019;23(4):346-54. [PubMed ID:30145129]. 
[PubMed Central ID:PMC6630105]. https://doi.org/10.1016/j.
bjpt.2018.08.007.

11.       Hasan NMA, Abdelrahman TEF. MRI evaluation of TMJ internal 
derangement: Degree of anterior disc displacement correlated 
with other TMJ soft tissue and osseous abnormalities. Egypt 
J Radiol Nucl Med. 2014;45(3):735-44. https://doi.org/10.1016/j.
ejrnm.2014.03.013.

12.       Fonseca RJ. Oral and maxillofacial surgery: Anesthesia, dentoalveo-
lar surgery, office management. Philadelphia: Saunders; 2000. p. 
3-15, 73-91, 363-65.

13.       Mortazavi MH, Latifian MB. A review in myofascial pain dysfunc-
tion syndrome and its prominence in military personnel. J Army 
Univ Med Sci IR Iran. 2009;7(2):137-42. Persian.

14.       Zuim PR, Garcia AR, Turcio KH, Hamata MM. Evaluation of 
microcurrent electrical nerve stimulation (MENS) effective-
ness on muscle pain in temporomandibular disorders pa-
tients. J Appl Oral Sci. 2006;14(1):61-6. [PubMed ID:19089032]. 
[PubMed Central ID:PMC4327173]. https://doi.org/10.1590/s1678-
77572006000100012.

15.       Kato MT, Kogawa EM, Santos CN, Conti PC. TENS and low-level 
laser therapy in the management of temporomandibular dis-
orders. J Appl Oral Sci. 2006;14(2):130-5. [PubMed ID:19089044]. 
[PubMed Central ID:PMC4327455]. https://doi.org/10.1590/s1678-
77572006000200012.

16.       Mortazavi S. Ergonomic and Prevention from Disability in Stu-
dents. J Except Educ. 2010;8(98):53-66, 98-9. Persian.

17.       Katzung BG. Basic and clinical pharmacology (lange basic science). 

10th, editor.: McGraw-Hill Medical; 2006. p. 658-62.
18.       Emshoff R, Rudisch A. Validity of clinical diagnostic criteria for 

temporomandibular disorders: clinical versus magnetic reso-
nance imaging diagnosis of temporomandibular joint internal 
derangement and osteoarthrosis. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2001;91(1):50-5. [PubMed ID:11174571]. https://
doi.org/10.1067/moe.2001.111129.

19.       Hurwitz EL, Morgenstern H, Vassilaki M, Chiang LM. Adverse 
reactions to chiropractic treatment and their effects on satisfac-
tion and clinical outcomes among patients enrolled in the UCLA 
Neck Pain Study. J Manipulative Physiol Ther. 2004;27(1):16-25. 
[PubMed ID:14739870]. https://doi.org/10.1016/j.jmpt.2003.11.002.

20.       Orsini MG, Kuboki T, Terada S, Matsuka Y, Yatani H, Yamashita 
A. Clinical predictability of temporomandibular joint disc dis-
placement. J Dent Res. 1999;78(2):650-60. [PubMed ID:10029463]. 
https://doi.org/10.1177/00220345990780020401.

21.       Lynch SS, Thigpen CA, Mihalik JP, Prentice WE, Padua D. The effects 
of an exercise intervention on forward head and rounded shoul-
der postures in elite swimmers. Br J Sports Med. 2010;44(5):376-81. 
[PubMed ID:20371564]. https://doi.org/10.1136/bjsm.2009.066837.

22.       Olivero WC, Dulebohn SC. Results of halter cervical traction 
for the treatment of cervical radiculopathy: retrospective re-
view of 81 patients. Neurosurg Focus. 2002;12(2):ECP1. [PubMed 
ID:16212320]. https://doi.org/10.3171/foc.2002.12.2.4.

23.       Frank C PP, Lardner R. . Assessment and treatment of muscle imbal-
ance: The Janda approach. 1st, editor. Champaign: Human kinet-
ics; 2009.

24.       Taheri H, Mahdavinejad R, Bagherian S, Omidali Z. Comparison 
of forward head in persons with chronic neck pain and healthy 
persons. J Res Rehabil Sci. 2010;7:30-4. https://doi.org/10.22122/jrrs.
v7i2.188.

25.       Tiefel K. The efficacy of treatment for upper crossed syndrome 
and the involvement of chiropractic. Booklet. 2012:1-15.

26.       Vegar Z, Kumar D. 20.34 Role of a sensorimotor training and a 
cervical stabilisation exercise program in the correction of for-
ward head posture in male visual display unit operators. Gait & 
Posture. 2005;21. https://doi.org/10.1016/s0966-6362(05)80447-3.

27.       Mahdavinejad R. The prevalence of spinal column deformities of 
Isfahan University male students and the effect of a specific cor-
rective exercise program on their most prevalent postural defor-
mities (An interuniversity research). Univ Isfahan. 2000.

28.       Abdollahzade Z, Shadmehr A, Malmir K, Ghotbi N. Effects of 
4-week postural corrective exercise on correcting forward head 
posture. J Mod Rehabil. 2017;11(2):85-92.

29.       Gupta BD, Aggarwal S, Gupta B, Gupta M, Gupta N. Effect of deep 
cervical flexor training vs. Conventional isometric training on 
forward head posture, pain, neck disability index in dentists suf-
fering from chronic neck pain. J Clin Diagn Res. 2013;7(10):2261-
4. [PubMed ID:24298492]. [PubMed Central ID:PMC3843403]. 
https://doi.org/10.7860/JCDR/2013/6072.3487.

30.       Shenoy S, Sodhi Jk, Sandhu JS. Effectiveness of strengthening 
exercises in the management of forward head posture among 
computer professionals. Indian J Physiother Occup Ther - Int J. 
2010;4:37-41.

31.       Nobari M, Arslan S, Hadian Rasanani M, Ganji B. Effect of correc-
tive exercises on cervicogenic headache in office workers with 
forward head posture. J Mod Rehabil. 2018;11.

32.       Mansourian A, Pourshahidi S, Sadrzadeh Afshar M. A review of 
treatments for facial muscle pain disorder syndrome. Dent J - Teh-
ran Univ Med Sci. 2015;29(4):288-301. Persian.

33.       Nikander R, Malkia E, Parkkari J, Heinonen A, Starck H, Ylinen J. 
Dose-response relationship of specific training to reduce chron-
ic neck pain and disability. Med Sci Sports Exerc. 2006;38(12):2068-
74. [PubMed ID:17146312]. https://doi.org/10.1249/01.
mss.0000229105.16274.4b.

34.       Nelson CF, Bronfort G, Evans R, Boline P, Goldsmith C, Anderson 
AV. The efficacy of spinal manipulation, amitriptyline and the 
combination of both therapies for the prophylaxis of migraine 
headache. J Manipulative Physiol Ther. 1998;21(8):511-9. [PubMed 
ID:9798179].

35.       Okeson JP. Management of temporomandibular disorders and occlu-
sion. 4th, editor.: Mosby; 1998. p. 638.

https://doi.org/10.1016/j.clinbiomech.2009.07.004
https://doi.org/10.1016/j.clinbiomech.2009.07.004
https://doi.org/10.14219/jada.archive.1979.0008
https://doi.org/10.14219/jada.archive.1979.0008
https://doi.org/10.1179/bjo.23.3.261
https://doi.org/10.1179/bjo.23.3.261
https://doi.org/10.1016/j.spinee.2016.11.009
https://doi.org/10.1016/j.spinee.2016.11.009
https://doi.org/10.1016/j.bjpt.2018.08.007
https://doi.org/10.1016/j.bjpt.2018.08.007
https://doi.org/10.1016/j.ejrnm.2014.03.013
https://doi.org/10.1016/j.ejrnm.2014.03.013
https://doi.org/10.1590/s1678-77572006000100012
https://doi.org/10.1590/s1678-77572006000100012
https://doi.org/10.1590/s1678-77572006000200012
https://doi.org/10.1590/s1678-77572006000200012
https://doi.org/10.1067/moe.2001.111129
https://doi.org/10.1067/moe.2001.111129
https://doi.org/10.1016/j.jmpt.2003.11.002
https://doi.org/10.1177/00220345990780020401
https://doi.org/10.1136/bjsm.2009.066837
https://doi.org/10.3171/foc.2002.12.2.4
https://doi.org/10.22122/jrrs.v7i2.188
https://doi.org/10.22122/jrrs.v7i2.188
https://doi.org/10.1016/s0966-6362(05)80447-3
https://doi.org/10.7860/JCDR/2013/6072.3487
https://doi.org/10.1249/01.mss.0000229105.16274.4b
https://doi.org/10.1249/01.mss.0000229105.16274.4b

