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Introduction 

Mean thoracic kyphosis measurements range from 20 to 45 degrees, increasing in females 

and with increased age1. Thoracic hyperkyphosis is an increased curvature above normal 

values (commonly defined as greater than 40 degrees2,3) and incidence rates range from 

20% to 40% in the population4. Hyperkyphosis may have a genetic link5, and has been 

associated with underlying pathology such as Scheuermann’s disease and osteoporosis, but 

many cases are idiopathic or age-related2-4. Kyphotic postural changes may also progress 

with increasing age, as degenerative changes, lack of mobility, and reduced postural muscle 

strength lead to an increase in flexed posture2. 

The clinical importance of thoracic hyperkyphosis is much debated. While associations with 

increased pain, lack of mobility or function, poor balance, reduced quality of life, increased 
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risk of falls, and increased risk of osteoporotic fracture have been found2-4, findings are 

conflicting and causation has not been demonstrated6,7. Hyperkyphosis is a common 

presentation within musculoskeletal care with 78% of Australian physiotherapists reporting 

seeing a patient with hyperkyphosis at least weekly8, and 60% of Australian chiropractors 

reporting that they often see patients with postural disorders including hyperkyphosis9. 

Hyperkyphosis is often associated with poor posture, including forward head posture and 

rounded shoulders10. Regardless of associations with pain and function, patients may also 

want to improve posture for cosmetic appearance and may seek the most appropriate 

treatment modality. However, physiotherapists report uncertainty in the evidence-base 

regarding effective treatments to reduce thoracic hyperkyphosis8. 

Many treatments have been reportedly used to reduce thoracic hyperkyphosis, including 

exercise8,11,12, manual therapy8,13,14, bracing8,15, and surgery16. Two previous systematic 

reviews have been performed to assess the effectiveness of exercise to reduce thoracic 

hyperkyphosis17,18. Bansal et. al. (2014) assessed the effectiveness of exercise in older adults 

only, but included non-randomised study designs and was not able to perform a meta-

analysis or make clear recommendations17. Gonzalez-Galvez et. al. (2019) reported that 

exercise was effective in reducing thoracic kyphosis but did not evaluate the strength of 

evidence, or report separately for different age groups or length of treatment duration18. 

Therefore, the quality of evidence demonstrating the effectiveness of exercise is uncertain, 

it is unclear whether exercise is equally effective at different age ranges or with different 

lengths of exercise program duration, and there is a lack of clarity on which other 

interventions may be effective to reduce thoracic kyphosis. The aims of this systematic 

review and meta-analysis were to: 

1. Describe conservative interventions that have been assessed to reduce thoracic 

hyperkyphosis 

2. Assess the effectiveness of individual conservative interventions to reduce thoracic 

hyperkyphosis 
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3. Synthesise the effectiveness of conservative interventions to reduce thoracic 

hyperkyphosis by intervention, control characteristics, and study population (including age 

and likelihood of osteoporosis). 

Methods 

The protocol was determined in advance and registered with PROSPERO 

(http://www.crd.york.ac.uk/PROSPERO); registration number: CRD42018089835. The 

review was reported in accordance with the PRISMA statement19.    

Data sources 

MEDLINE, EMBASE, CINAHL and CENTRAL were searched from inception to 23 March 2021 

using terms related to kyphosis or spinal curvature; thoracic spine; treatment; and 

randomised controlled trial (Supplementary file 1). Forward and backward citation tracking 

of the included studies and any relevant review articles was performed.  

Inclusion criteria 

Eligible studies needed to be full-text articles of randomised controlled trials published in a 

peer review journal. Abstracts and conference proceedings were excluded. Articles not 

written in English were translated where possible. The specific inclusion criteria were: 

Population: adults over 18 years of age with hyperkyphosis (study specifically defined 

hyperkyphosis or forward posture as an inclusion criteria or, where not defined, the mean 

baseline kyphosis angle was greater than 40 degrees2,3). Participants with osteoporosis, with 

or without, osteoporotic compression fracture were eligible for inclusion. Studies were 

http://www.crd.york.ac.uk/PROSPERO
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excluded if the thoracic hyperkyphosis was secondary to acute traumatic injury or 

underlying serious pathology.  

Intervention:  any conservative (non-surgical) intervention aiming to reduce thoracic 

hyperkyphosis.  

Comparator: any of placebo, minimal treatment or no treatment. Studies were excluded if 

two active conservative treatments (e.g. exercise and manual therapy) were compared, 

unless the trial also included an appropriate control group.  

Outcome: valid and reliable measures of thoracic kyphosis as reported in the original study, 

including X-ray analysis (e.g. Cobb angle) or external measurement (e.g. kyphometer, 

inclinometer, flexicurve ruler, spinal mouse20). Measures of forward posture, such as 

occiput-to-wall distance which have been shown to be a valid and reliable measure of 

thoracic kyphosis21,22, were also included.  

Study selection 

Study titles were screened by one member of the research team and clearly irrelevant titles 

were excluded. Abstracts and full-texts were independently reviewed by two members of 

the research team. Inter-rater reliability of initial decisions for full-text inclusion was 

calculated using Cohen's kappa. At all stages, disagreements that could not be resolved 

between the two researchers were arbitrated by a third member of the research team.   

Data extraction 

Two members of the research team independently extracted descriptive and outcome data 

into a data collection form that was piloted prior to use. Descriptive data included study 



5 
 

design, participant and practitioner characteristics, description of intervention and control, 

and description and timing of the outcome measure. Outcome data extracted included the 

number of participants in the intervention and control groups, and measurements of 

thoracic kyphosis. Where incomplete data was presented or clarification of data was 

required the original study authors were contacted by email.  

Quality assessment 

Two members of the research team independently performed risk of bias (ROB) assessment 

of each included study using the Cochrane ROB tool23. The Cochrane ROB tool is 

recommended by the Cochrane collaboration24 and assesses risk of bias across six domains: 

selection bias, performance bias, detection bias, attrition bias, reporting bias, and other 

bias. Any discrepancies in decisions were discussed and a third researcher was consulted if 

discrepancies could not be resolved. 

Summary measures 

Mean change scores and standard deviation for thoracic kyphosis were collected. Where 

not provided, and could not be obtained from the contacting the study authors,  the mean 

change score was calculated as the difference in measurements (post-treatment minus pre-

treatment) and the standard deviation for the change score was calculated from the 

confidence interval as described in the Cochrane Handbook24. Review Manager 5.4 was used 

to calculate standardised mean differences (SMD) (intervention minus control group), to 

account for the different outcome measures used in the studies. A negative result favoured 

the intervention group. As there are no units to give context to the effect size when 



6 
 

interpreting SMD, the cut-off points postulated by Cohen of 0.2, 0.5, and 0.8 to indicate 

small, medium and large effect sizes25 were used.  

Data synthesis 

Some clinical heterogeneity was expected due to variation between study populations and 

interventions. To explore heterogeneity, studies were sub-grouped for meta-analysis based 

on study population (higher risk of osteoporosis or age-related hyperkyphosis, over 55-

years; younger age, less than 55-years); intervention type (e.g. exercise, bracing); control 

group (no treatment; minimal treatment); and duration of intervention (three months or 

less, greater than three months). Thoracic kyphosis tends to increase in the general 

population after age 55, likely due to age-related changes and association with osteoporosis 

compression fractures3, which was considered to potentially impact the effectiveness of 

interventions. Control groups were separated depending on the potential likelihood of 

impacting thoracic kyphosis or posture, into those unlikely to have any effect (e.g. no 

treatment, general health education unrelated to posture) and those that may have a 

minimal effect (e.g. postural education, general exercise). Studies that could not be pooled 

were analysed descriptively. Studies reporting different outcome measures for thoracic 

kyphosis on the same group of participants were only included once in each meta-analysis. 

When a study had multiple intervention groups and two or more could be included in the 

same meta-analysis, results from the intervention groups were combined to create a single 

pair-wise comparison, as recommended in the Cochrane Handbook to prevent a unit-of-

analysis error24. Meta-analyses were performed using a random-effects model within 

Review Manager 5.4.  

Quality of evidence 
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Assessment of the quality of evidence for each meta-analysis was performed using the 

Grading of Recommendations, Assessment, Development and Evaluation (GRADE) system26 

with previously reported modifications27. Quality of evidence was rated as ‘High’, 

‘Moderate’, ‘Low’, or ‘Very low’ certainty that the true effect size is close to the estimated 

effect size. To assess study limitations, overall ROB for each study included in the meta-

analysis was assessed as ‘High’ or ‘Low’ in keeping with previous research27. A study was 

assessed as having overall low ROB if four or more of the individual domains (selection, 

performance, detection, attrition, and reporting bias) were considered to be of low ROB. 

Confidence in the evidence was downgraded for: study limitations if less than 50% of the 

study weightings were assessed as low ROB; inconsistency of results if variability in the 

results was large, as indicated by an I2 value greater than 80% with wide visual inconsistency 

in results that would substantially alter clinical implications; imprecision if there was either 

of (i) less than 400 people included within the meta-analysis, or (ii) the 95% confidence 

interval included the line of no effect and crossed an effect size of 0.5 in either direction; 

indirectness of evidence if there was important variation in the included study population, 

intervention, control, or outcomes that would limit the generalisability of the results;  and 

publication bias if there was an asymmetrical funnel plot (for meta-analyses with at least 10 

included studies), studies finding negative results were insufficiently reported, insufficient 

data was reported to be included in meta-analysis, or more than half of included trials were 

from small sponsored studies or reported investigator conflict of interest. The GRADE score 

was not downgraded for study design as this was accounted for in the inclusion criteria. 

Results 

Study selection 
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Search strategies identified 6637 distinct records (Figure 1). Ninety-six full-text articles were 

assessed for eligibility with 28 included in the final review. There was moderate initial 

agreement in full-text inclusion (kappa=0.53).  Twenty-one studies (22 comparisons) were 

included in the meta-analyses. Three full-texts were translated to English for assessment, 

none of which met inclusion criteria28-30. Only one non-English paper was unable to be 

translated as it was written in Arabic script31; this was a preliminary study prior to a full-

scale study published by the same authors and included in the review32. Study authors were 

contacted for two studies33,34; however, the necessary outcome data to include in meta-

analysis was not available.  

Study characteristics 

Characteristics of the included studies are presented in Table 1. Eighteen studies targeted 

populations over 55-years of age or with a higher risk of osteoporosis11,13-15,32-45. Ten studies 

targeted younger age ranges12,46-54. Thoracic kyphosis was measured using radiographic 

measurements in four studies36-38,41. The remaining studies used external measures to 

measure the degree of kyphosis12-15,32,34,35,37-43,45,47-49,51-54, kyphotic index33,41,46, posture 

number50, or amount of forward head posture11,44. Only three studies performed follow-up 

measurements, at three-months54, six-months47, or one-year42,47. 

Description of interventions assessed to reduce thoracic hyperkyphosis 

Exercise 

Exercise was the most common intervention to be assessed, in 21 studies11,12,33-39,41,42,44,45,47-

54 as summarised in Table 1. Exercise programs ranged from simple programs such as daily 

hamstring stretches48, and home strengthening exercises36, but most programs included a 
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combination of strength and flexibility exercises targeting the thoracic spine. Strengthening 

exercises generally aimed to improve strength in the postural and back extensor muscles. 

Most programs involved supervised individual or group exercise sessions ranging from six 

times in eight months44 to four times a week52, supplemented by a home exercise program. 

Only two studies used an unsupervised home-based exercise program alone36,48. The 

duration of the exercise program ranged from six-weeks45,47 to two-years36, with the most 

common duration being three-months11,37,39,42,48,49,52,53. 

Bracing 

Four studies15,32,33,40 used rigid bracing to improve upright posture and reduce thoracic 

hyperkyphosis. In all studies a variety of a Spinomed brace was used for either three-

months32 or six-months15,33,40. 

Multimodal therapy 

Four studies13,14,42,46 assessed short-term (three-months or less duration) programs 

combining an exercise program with other interventions, including manual therapy13,14,42,46 

and taping13,14,42. The included exercise programs were similar in content, frequency, and 

duration to those described when testing exercise alone. Manual therapy was generally 

included joint mobilisation or manipulation to increase thoracic spine mobility and taping 

was performed with the aim to improve upright posture. 

Other interventions 

Single studies assessed the use of taping43, electrical stimulation51, or biofeedback 

training51. Electrical stimulation was used to stimulate the thoracic spine postural muscles, 

for 20-minutes at a time, three-days a week, for eight-weeks. Biofeedback training involved 
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wearing a harness which beeped or vibrated when a slumped posture was moved into to 

reinforce upright posture. The harness was worn for 20-minutes at a time, three-days a 

week, for eight-weeks. 

Risk of bias 

Risk of bias of the included studies is presented in Table 2. Due to the nature of the 

interventions, the majority of studies could not blind participants or practitioners, leading to 

performance bias. Selection bias was also common, with inconsistent reporting of the 

method of randomisation and whether allocation was concealed. All studies used objective 

outcome measures and/or assessors were blinded to group allocation.  

Effectiveness of interventions to reduce thoracic kyphosis: results of individual studies 

Descriptive analysis of the treatment effects in all studies and comparisons is presented in 

Table 3. Three studies (not included in meta-analysis) assessing exercise51, bracing32, and 

multimodal care46 demonstrated evidence of effectiveness. Taping alone43, electrical 

stimulation51, biofeedback training51, and home-based exercises36,48 were not effective in 

reducing thoracic hyperkyphosis. In studies assessing long-term follow-up42,47,54 or different 

methods of outcome measurement at the same time point35,37,38,41 results were consistent 

across the different comparisons. 

Effectiveness of interventions to reduce thoracic kyphosis: meta-analysis 

Five meta-analyses were conducted across 17 studies sub grouped by intervention and 

population: (i) structured strengthening and flexibility exercise programs of three months or 

less duration in a younger population (six studies12,47,49,52-54); (ii) structured strengthening 

and flexibility exercise programs of three months or less duration in an older population 
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(four studies37,39,42,45); (iii) structured strengthening and flexibility exercise programs of more 

than three months duration in an older population (three studies38,42,44); (iv) bracing of more 

than three months duration in an older population (two studies15,40); and (v) multimodal 

care of three months or less duration in an older population (three studies13,14,42). All studies 

included no treatment control groups. Results are presented in Figure 2. 

Younger age population 

One meta-analysis, including six studies (n=413) assessed younger participants undergoing 

structured strengthening and flexibility exercise programs of three months or less 

duration12,47,49,52-54. Low-quality evidence found that exercise has a large effect in reducing 

thoracic hyperkyphosis (SMD -2.8; 95%CI -4.3 to -1.3). Strength of evidence was 

downgraded for inconsistency of results and indirectness. 

Older age population  

Four of the meta-analyses assessed older participants. Interventions assessed included 

short- and long-term structured exercise programs, bracing, and multimodal care. 

 

Short-term structured exercise programs37,39,42,45: four studies (n=502) assessed structured 

exercise programs of three months or less duration as an intervention. Moderate-quality 

evidence found that short-term exercise has a small effect in reducing thoracic 

hyperkyphosis (SMD -0.3; 95%CI -0.6 to 0.0). Strength of evidence was downgraded for 

indirectness. 

Long-term structured exercise programs38,42,44: three studies (n=345) assessed structured 

exercise programs of more than three months duration as an intervention. Low-quality 

evidence found that long-term exercise is not effective in reducing thoracic hyperkyphosis 
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(SMD -0.2; 95%CI -0.5 to 0.2). Strength of evidence was downgraded for indirectness and 

publication bias. Bergstrom et al. and Kaijser et al. met inclusion for this meta-analysis but 

insufficient data was presented to allow calculation of SMD33,34. 

Bracing: two studies (n=170) assessed bracing for three months or more as an 

intervention15,40. Low-quality evidence found that bracing has a large effect in reducing 

thoracic hyperkyphosis (SMD -1.0; 95%CI -1.3 to -0.7). Strength of evidence was 

downgraded for imprecision and publication bias. Kaijser et al. met inclusion for this meta-

analysis but insufficient data was presented to allow calculation of SMD33. 

Multimodal care13,14,42: three studies (n=408) assessed the combination of manual therapy 

and exercise as a multimodal intervention. Low-quality evidence found that multimodal 

therapy is not effective in reducing thoracic hyperkyphosis (SMD -0.6; 95%CI -1.6 to 0.4). 

Strength of evidence was downgraded for inconsistency of results and indirectness. 

Discussion 

Main findings 

This systematic review and meta-analysis found moderate-quality evidence that short-term 

structured exercise programs in older adults have a small effect in reducing thoracic 

hyperkyphosis (SMD -0.3; 95%CI -0.6 to 0.0), and low-quality evidence that short-term 

structured exercise programs in younger adults (SMD -2.8; 95%CI -4.3 to -1.3) and bracing in 

older adults (SMD -1.0; 95%CI -1.3 to -0.7) have a large effect in reducing thoracic 

hyperkyphosis. Structured exercise programs of over three-months and multimodal care, 

with the addition of manual therapy to exercise, did not show evidence of effectiveness in 

older adults.  
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In single studies, multimodal care was effective in younger adults (-0.6; 95%CI: -1.2 to -0.1).  

Other interventions, including electrical stimulation of muscles, biofeedback training, taping, 

and home-based exercise programs were not effective.  

Comparison with previous literature 

Previous systematic reviews have only assessed the effectiveness of exercise programs on 

decreasing thoracic kyphosis17,18. Gonzalez-Galvez et al. (2019) performed a systematic 

review and meta-analysis of the effect of exercise programs on sagittal curvatures. They 

included seven studies assessing thoracic kyphosis and performed a meta-analysis which 

found a significant effect of exercise in reducing thoracic kyphosis (SMD: -1.4; 95%CI: -2.15, -

0.66). However, no analysis of the quality of evidence of the meta-analysis was performed. 

Their findings are in alignment with the findings of this review; however, they are not 

directly comparable as we performed separate meta-analyses for younger and older 

participants and for duration of the intervention. Only four studies were included in both 

this review and that by Gonzalez-Galvez37,38,48,49. We excluded three studies included by 

Gonzalez-Galvez due to a lack of, or inappropriate, control groups55,56, or the full-text paper 

not being found57. Eleven of the studies included in this review were not included in that by 

Gonzalez-Galvez11,12,33-35,39,41,47,50-52, likely due to a difference in inclusion criteria or search 

strategy. Bansal et. al. (2014) performed a systematic review of exercise for improving age-

related hyperkyphosis. They only included studies of participants over 45 years and did not 

perform a meta-analysis due to study heterogeneity. They concluded that there was mixed 

evidence of effectiveness and more high-quality studies were required. Bansal et.al. 

included 12 studies, six of which were included in this review11,13,14,34-36. The other six 
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studies were excluded from this review due to lack of or inappropriate control groups58-61, 

or publication only as conference proceedings or within a dissertation62,63. 

Strengths and limitations 

Strengths of this review include the study selection and data analysis. We included all 

conservative interventions aiming to reduce thoracic hyperkyphosis. We limited included 

studies to randomised controlled trials. To limit heterogeneity within meta-analyses, we 

considered characteristics of the intervention, control, and the participant population. To 

address the wide variety of outcome measures used across studies, SMD was calculated for 

comparisons in meta-analysis64. All outcome measures included in this review have 

demonstrated validity and inter-rater reliability in the measurement of thoracic 

kyphosis20,22. 

Study limitations include the low number of studies for some intervention types and lack of 

outcome measure reporting. Whilst demonstrating effectiveness in a single study, the lack 

of additional studies assessing multimodal therapy in younger adults limits confidence in 

this result. The strength of evidence for meta-analyses for bracing of in older adults was 

downgraded for imprecision, reflective of the small sample size included within this meta-

analysis. Two studies, assessing structured exercise programs or bracing in older adults, did 

not report specific results to allow inclusion within the relevant meta-analyses33,34. Both 

studies reported that the interventions tested did not show evidence of effectiveness, but 

no outcome data was reported, thus the associated meta-analyses do not include these 

results and strength of evidence was downgraded for publication bias due to this limitation.  

When estimating pooled effect sizes, it is possible that the inclusion of studies scored with 

high risk of bias or substantial baseline differences may have influenced the veracity of 
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results. To investigate this, post-hoc sensitivity analyses were performed by excluding (i) 

high risk of bias studies or (ii) studies with substantial baseline differences in outcome 

measures from the meta-analyses. Results were similar except when one study with high 

risk of bias39 was removed from the exercise of three months or less duration in older adults 

sub-group, where the pooled estimate changed from just significant (-0.3; 95%CI: -0.6, 0.0) 

to non-significant (-0.2; 95%CI: -0.5, 0.1). Therefore, the magnitude and significance of 

pooled effects are largely insensitive to the risk of bias rating or baseline differences. 

Implications for clinical practice 

The results of this review provide low to moderate-quality evidence that short-term 

structured exercise programs (of up to three months) should be considered as a treatment 

option to reduce thoracic hyperkyphosis in both younger and older adults. The 

completeness of reporting and exact exercise program used differed between studies, but 

generally included a structured, physiotherapist supervised exercise program, performed 

one to four times per week, combining thoracic strength/stabilisation and 

mobility/flexibility exercises. No specifics of the optimal exercise program to be used can be 

determined from this review, but these common features should be taken into 

consideration.  

Bracing also showed evidence of effectiveness in older adults. Although larger effect size 

was found compared to exercise in the same population, results are limited by low quality 

evidence. Another study assessing bracing did not show evidence of effectiveness33, but 

specific outcome measurements were not reported to allow inclusion in meta-analysis. 

Therefore, we suggest exercise should be considered as an initial treatment option, but 

bracing may be an appropriate alternative in older adults if exercise is unsuccessful. 
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The clinical significance of the magnitude of change in thoracic kyphosis needs to be 

considered when determining effective interventions. Trials are encouraged to report effect 

sizes in relation to established minimal clinically important difference (MCID) values to 

assess clinical significance. However, MCID values for the different outcome measures 

assessing thoracic kyphosis are unknown. In this review, in order to compare between 

different outcome measures, SMD was reported, and effects were therefore reported as 

small, medium, and large in accordance with the cut-off points suggested by Cohen25. 

However, the clinical relevance of these cut-off points in relation to changes in thoracic 

kyphosis have not been established, limiting discussion of the clinical relevance of the 

results. 

Implications for future research 

Future studies assessing interventions to reduce thoracic hyperkyphosis should address the 

gaps or limitations identified in this review. Multimodal care in younger adults requires 

further investigation before the addition of manual therapy to a structured exercise 

program can be recommended. Bracing in older adults and exercise in younger adults are 

supported only by low-quality evidence and further studies with larger sample sizes and 

more complete reporting of results need to be undertaken to improve the quality of the 

evidence. Complete reporting of interventions is important to accurately describe effective 

interventions and allow replication in clinical practice. It is recommended that future studies 

use established tools, such as the TIDieR checklist65, to ensure complete reporting of 

intervention characteristics. 

In this review we did not assess for whether changes in hyperkyphosis were also associated 

with a change in clinical symptoms. Some patients with thoracic hyperkyphosis also report 
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increased pain and lack of mobility or function2-4; however, results are not consistent across 

studies, and it is unclear whether thoracic hyperkyphosis has a direct causative association 

with clinical symptoms, or whether reducing thoracic hyperkyphosis improves clinical 

symptoms6,7. No conclusions related to clinical symptoms can be made from this review. 

Future studies investigating the relationship between changes in hyperkyphosis and changes 

in clinical symptom are important to further inform clinical practice. 

Conclusion 

Low to moderate-quality evidence indicates that structured exercise programs should be 

considered as a treatment option to reduce thoracic hyperkyphosis in both younger and 

older adults. Low-quality evidence indicates that bracing may also be considered in older 

adults. A single study suggests that multimodal care in younger adults may also be effective, 

but more evidence is required. 
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Balbas-
Alvarez, 2018 

Smokers, 18-60 yrs External measurement 
(Flexicurve ruler: 
kyphosis index (%)) at 
4 weeks 

 
Multimodal: 
manual therapy, 
exercises, and 
inspiratory muscle 
training 

8 x 1-hour 
sessions 
over 4 
weeks; 
Home 
exercises 4 
days per 
week 

26 28.9 
(12.1) 

20 
 

Inspiratory 
muscle training 

25 32.8 
(14.1) 

20.6 
 

N (younger 
age range) 

Barker, 2020 Osteoporotic 
males/females with at 
least one vertebral 
compression fracture 

External measurement 
of kyphosis (Flexicurve 
ruler) at 4 months 

 
Multimodal: 
Manual therapy, 
taping and 
stretching 
exercises 

6 sessions 
over 12 
weeks; 
Home 
stretches 
daily 

203 72.4 (9.3) 86 
 

General 
education 
session 

196 71.9 (9.6) 89 
 

Y (Multimodal 
care of 3-
months or 
less duration, 
older patient 
at risk of 
osteoporosis) 

Barker, 2020 Osteoporotic 
males/females with at 
least one vertebral 
compression fracture 

External measurement 
of kyphosis (Flexicurve 
ruler) at 12 months 

 
Multimodal: 
Manual therapy, 
taping and 
stretching 
exercises 

6 sessions 
over 12 
weeks; 
Home 
stretches 
daily 

203 72.4 (9.3) 86 
 

General 
education 
session 

196 71.9 (9.6) 89 
 

N (follow-up) 

Barker, 2020 Osteoporotic 
males/females with at 
least one vertebral 
compression fracture 

External measurement 
of kyphosis (Flexicurve 
ruler) at 4 months 

 
Strength, balance, 
and flexibility 
exercise program 

6 sessions 
over 12 
weeks; 
Home 
exercise 3-
5 days per 
week 

216 72.2 (8.4) 86 
 

General 
education 
session 

196 71.9 (9.6) 89 
 

Y (Exercise 
program of 3-
months or 
less duration, 
older patient 
at risk of 
osteoporosis) 
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Barker, 2020 Osteoporotic 
males/females with at 
least one vertebral 
compression fracture 

External measurement 
of kyphosis (Flexicurve 
ruler) at 12 months 

 
Strength, balance, 
and flexibility 
exercise program 

6 sessions 
over 12 
weeks; 
Home 
exercise 3-
5 days per 
week 

216 72.2 (8.4) 86 
 

General 
education 
session 

196 71.9 (9.6) 89 
 

N (follow-up) 

Bautman, 
2010 

Elderly females with 
osteoporosis 

External measurement 
(Spinal mouse: degree 
of kyphosis) at 3 
months 

 
Multi modal: 
rehabilitation 
including spinal 
manipulation, 
taping, and 
strength and 
flexibility 
exercises 

18 sessions 
over 12 
weeks; 
Home 
exercises 
daily 

29 75.2 (1.3) 100 
 

Wait list 
physiotherapy 

19 77.6 (1.6) 100 
 

Y (Multimodal 
care of 3-
months or 
less duration, 
older patient 
at risk of 
osteoporosis) 

Benedetti, 
2008 

Flexed posture, over 
65 yrs 

External measurement 
(Occiput to wall 
distance (cm)) at 3 
months 

 
Strength and 
flexibility 
exercises 
targeting 
improving a 
flexed posture 

1 hour, 2 
days per 
week over 
3 months 

15 71.5 (4.3) 80 
 

General 
postural 
exercises 

13 71.5 (4.9) 76.9 
 

N (no similar 
control) 

Bennell, 2010 Osteoporotic, over 50 
yrs 

External measurement 
(Dualer electric 
inclinometer: degree 
of kyphosis) at 11 
weeks 

 
Multimodal: 
physiotherapy 
including manual 
therapy (massage 
and spinal 
mobilisation), 
taping, and 
strength and 
flexibility 
exercises 

10 weekly 
sessions 
over 10 
weeks; 
Home 
exercises 
daily 

11 66.2 (8.0) 64 
 

No treatment 9 68.3 
(11.8) 

100 
 

Y (Multimodal 
care of 3-
months or 
less duration, 
older patient 
at risk of 
osteoporosis) 

Bergstrom, 
2011 

Postmenopausal 
women with kyphosis 

External measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 4 
months 

 
Strength and 
flexibility 
exercises 
targeting 
improving a 
flexed posture 

1 hour 
group 
training 2 
days per 
week over 
4 months 

15 73.2 (8.9) 100 
 

No treatment 13 74.1 (6.0) 100 
 

N (no 
outcome 
measurement 
data 
reported) 

Bulut, 2019 Females with 
osteoporosis 

External measurement 
of kyphosis 
(Inclinometer) at 3 
weeks 

 
Taping for 3 
weeks and 
standard home 
osteoporosis 
exercises twice a 
day for 6 weeks 

3 weeks 20 63.1 (8.8) 100 
 

Standard home 
osteoporosis 
exercises twice 
a day for 6 
weeks 

22 64.0 (7.1) 100 
 

N (no similar 
intervention) 
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Bulut, 2019 Females with 
osteoporosis 

External measurement 
of kyphosis 
(Inclinometer) at 6 
weeks 

 
Taping for 3 
weeks and 
standard home 
osteoporosis 
exercises twice a 
day for 6 weeks 

3 weeks 20 63.1 (8.8) 100 
 

Standard home 
osteoporosis 
exercises twice 
a day for 6 
weeks 

22 64.0 (7.1) 100 
 

N (no similar 
intervention) 

Cergel, 2019 Postmenopausal 
females with 
osteoporosis 

External measurement 
of kyphosis 
(Inclinometer) at 6 
weeks 

 
Supervised group 
strengthening 
exercise program 

3 times per 
week over 
6 weeks 

20 58.9 (4.7) 100 
 

No treatment 20 59.7 (6.5) 100 
 

Y (Exercise 
program of 3-
months or 
less duration, 
older patient 
at risk of 
osteoporosis) 

Cergel, 2019 Postmenopausal 
females with 
osteoporosis 

External measurement 
of kyphosis 
(Inclinometer) at 6 
weeks 

 
Home structured 
strengthening 
exercise program 

3 times per 
week over 
6 weeks 

20 60.2 (7.6) 100 
 

No treatment 20 59.7 (6.5) 100 
 

N (no similar 
intervention) 

Gibbs, 2020 Osteoporotic females 
with at least one 
vertebral compression 
fracture 

Occiput to wall 
distance at 12 months 

 
Individual 
strengthening, 
flexibility, and 
balance exercise 
program 

6 sessions 
over 8 
months; 
Home 
exercises 
daily 

71 76.4 (6.4) 100 
 

General home 
educational 
sessions 

70 77.0 (7.3) 100 
 

Y (Exercise 
program of 
more than 3-
months 
duration, 
older patient 
at risk of 
osteoporosis) 

Greendale, 
2009 

Hyperkyphosis, over 
60 yrs 

External measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 6 
months 

 
Hatha yoga 
addressing 
strength, 
flexibility, and 
proprioception 

1 hour, 3 
times per 
week over 
24 weeks 

55 74.5 (7.6) 83 
 

General 
educational 
sessions 

50 76.5 (7.2) 80 
 

Y (Exercise 
program of 
more than 3-
months 
duration, 
older patient 
at risk of 
osteoporosis) 

Greendale, 
2009 

Hyperkyphosis, over 
60 yrs 

External measurement 
(Flexicurve ruler: 
kyphosis index (%)) at 
6 months 

 
Hatha yoga 
addressing 
strength, 
flexibility, and 
proprioception 

1 hour, 3 
times per 
week over 
24 weeks 

55 74.5 (7.6) 83 
 

General 
educational 
sessions 

50 76.5 (7.2) 80 
 

N (different 
outcome 
measure) 

Greendale, 
2009 

Hyperkyphosis, over 
60 yrs 

External measurement 
(Flexicurve ruler: 
degree of kyphosis) at 
6 months 

 
Hatha yoga 
addressing 
strength, 
flexibility, and 
proprioception 

1 hour, 3 
times per 
week over 
24 weeks 

55 74.5 (7.6) 83 
 

General 
educational 
sessions 

50 76.5 (7.2) 80 
 

N (different 
outcome 
measure) 
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Hosseinabadi, 
2020 

Over 60 yrs with 
thoracic angle over 50 
degrees 

External measurement 
of kyphosis 
(Inclinometer) at 13 
weeks 

 
Spinomed brace 3 months 22 66.9 (5.7) 

N
ot

 re
po

rt
ed

 

 
No treatment 22 68.5 (5.7) 

N
ot

 re
po

rt
ed

 

 
N (shorter 
intervention 
period) 

Itoi, 1994 Estrogen defficient 
females 

Xray measurement 
(Cobb angle: degree of 
kyphosis) at 2 years 

 
Home strength 
exercises 

5 times per 
week over 
2 years 

32 55.3 (Not 
reported) 

100 
 

No treatment 28 55.9 (Not 
reported) 

100 
 

N (no similar 
intervention) 

Jaromi, 2012 Nurses with chronic 
low back pain, less 
than 60 yrs 

External measurement 
(Zebris WinSpine 
Pointer Posture 3D 
ultrasonic 
biomechanical 
movement analysis 
system: degree of 
kyphosis) at 6 weeks 

 
Strength, 
flexibility, 
postural exercises 
and back school 

Once per 
week over 
6 weeks; 
Home 
exercises 5 
times per 
week 

56 32.3 
(8.15) 

82 
 

Passive 
physiotherapy 
(TENS and heat 
therapy) 

55 31.5 
(8.25) 

85.5 
 

Y (Exercise 
program of 3-
months or 
less duration, 
younger 
patient) 

Jaromi, 2012 Nurses with chronic 
low back pain, less 
than 60 yrs 

External measurement 
(Zebris WinSpine 
Pointer Posture 3D 
ultrasonic 
biomechanical 
movement analysis 
system: degree of 
kyphosis) at 6 months 

 
Strength, 
flexibility, 
postural exercises 
and back school 

Once per 
week over 
6 weeks; 
Home 
exercises 5 
times per 
week 

56 32.3 
(8.15) 

82 
 

Passive 
physiotherapy 
(TENS and heat 
therapy) 

55 31.5 
(8.25) 

85.5 
 

N (follow-up) 

Jaromi, 2012 Nurses with chronic 
low back pain, less 
than 60 yrs 

External measurement 
(Zebris WinSpine 
Pointer Posture 3D 
ultrasonic 
biomechanical 
movement analysis 
system: degree of 
kyphosis) at 1 year 

 
Strength, 
flexibility, 
postural exercises 
and back school 

Once per 
week over 
6 weeks; 
Home 
exercises 5 
times per 
week 

56 32.3 
(8.15) 

82 
 

Passive 
physiotherapy 
(TENS and heat 
therapy) 

55 31.5 
(8.25) 

85.5 
 

N (follow-up) 

Kaijser, 2019 Osteoporotic females, 
over 60 yrs 

External measurement 
(Flexicurve ruler: 
kyphosis index (%)) at 
6 months 

 
Strength, balance 
and postural 
exercises 

1 hour 
once per 
week over 
6 months; 
Home 
exercises 4 
times per 
week 

38 Median 
(IQR): 
77.6 
(67.3-
84.1) 

100 
 

No treatment 37 Median 
(IQR): 
72.8 
(67.5-
78.2) 

100 
 

N (no 
outcome 
measurement 
data 
reported) 

Kaijser, 2019 Osteoporotic females, 
over 60 yrs 

External measurement 
(Flexicurve ruler: 
kyphosis index (%)) at 
6 months 

 
Spinomed brace 6 months 38 Median 

(IQR): 
77.9 
(68.0-
83.4) 

100 
 

No treatment 37 Median 
(IQR): 
72.8 
(67.5-
78.2) 

100 
 

N (no 
outcome 
measurement 
data 
reported) 
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Katzman 
Parimi, 2017 

Hyperkyphosis, over 
60 yrs 

Xray measurement 
(Cobb angle: degree of 
kyphosis) at 3 months 

 
Strength, 
flexibility and 
postural group 
exercises 

1 hour two 
times per 
week over 
3 months; 
Home 
exercises 
daily 

53 69.4 (5.8) 

N
ot

 re
po

rt
ed

 

 
Waitlist 48 70.0 (5.7) 

N
ot

 re
po

rt
ed

 

 
Y (Exercise 
program of 3-
months or 
less duration, 
older patient 
at risk of 
osteoporosis) 

Katzman 
Parimi, 2017 

Hyperkyphosis, over 
60 yrs 

External measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 3 
months 

 
Strength, 
flexibility and 
postural group 
exercises 

1 hour two 
times per 
week over 
3 months; 
Home 
exercises 
daily 

53 69.4 (5.8) 

N
ot

 re
po

rt
ed

 

 
Waitlist 48 70.0 (5.7) 

N
ot

 re
po

rt
ed

 

 
N (different 
outcome 
measure) 

Katzman 
Vittinghoff, 
2017 

Hyperkyphosis, over 
60 yrs 

Xray measurement 
(Cobb angle: degree of 
kyphosis) at 6 months 

 
Strength, 
flexibility and 
postural group 
exercises 

1 hour 
three times 
per week 
over 6 
months; 
Home 
exercises 
daily 

51 71.0 (6.5) 69 
 

General 
educational 
sessions 

48 70.2 (5.7) 75 
 

Y (Exercise 
program of 
more than 3-
months 
duration, 
older patient 
at risk of 
osteoporosis) 

Katzman 
Vittinghoff, 
2017 

Hyperkyphosis, over 
60 yrs 

External measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 6 
months 

 
Strength, 
flexibility and 
postural group 
exercises 

1 hour 
three times 
per week 
over 6 
months; 
Home 
exercises 
daily 

51 71.0 (6.5) 69 
 

General 
educational 
sessions 

48 70.2 (5.7) 75 
 

N (different 
outcome 
measure) 

Muyor, 2012 Female with 
prolonged 
occupational standing 
posture, 35-50 yrs 

External measurement 
(Spinal mouse: degree 
of kyphosis) standing 
at 12 weeks 

 
Hamstring 
stretches 

Half an 
hour three 
times per 
week over 
12 weeks 

27 44.9 (9.6) 100 
 

No treatment 31 43.6 (8.6) 100 
 

N (no similar 
intervention) 

Muyor, 2012 Female with 
prolonged 
occupational standing 
posture, 35-50 yrs 

External measurement 
(Spinal mouse: degree 
of kyphosis) in 
forward flexion at 12 
weeks 

 
Hamstring 
stretches 

Half an 
hour three 
times per 
week over 
12 weeks 

27 44.9 (9.6) 100 
 

No treatment 31 43.6 (8.6) 100 
 

N (no similar 
intervention) 

Naderi, 2019 Men with 
hyperkyphosis, over 
65 yrs 

External measurement 
(Flexicurve ruler: 
degree of kyphosis) at 
12 weeks 

 
Strength and 
flexibility 
exercises 

3 sessions 
per week 
over 12 
weeks 

12 68.8 (2.7) 0 
 

No treatment 12 69.5 (2.6) 0 
 

Y (Exercise 
program of 3-
months or 
less duration, 
older patient 
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at risk of 
osteoporosis) 

Pfeifer, 2004 Osteoporotic females, 
over 60 yrs 

External measurement 
(3D 
photomorphometry: 
degree of kyphosis) at 
6 months 

 
Spinomed brace 6 months 31 72.8 (7.1) 100 

 
No treatment 31 72.3 (6.7) 100 

 
Y  (Brace, 
older patient 
at risk of 
osteoporosis) 

Pfeifer, 2011 Osteoporotic females, 
over 60 yrs 

External measurement 
(3D 
photomorphometry: 
degree of kyphosis) at 
6 months 

 
Spinomed brace 6 months 36 72.8 (7.1) 100 

 
No treatment 36 69.7 (8.9) 100 

 
Y  (Brace, 
older patient 
at risk of 
osteoporosis, 
data 
combined) 

Pfeifer, 2011 Osteoporotic females, 
over 60 yrs 

External measurement 
(3D 
photomorphometry: 
degree of kyphosis) at 
6 months 

 
Spinomed active 
brace 

6 months 36 72.3 (6.7) 100 
 

No treatment 36 69.7 (8.9) 100 
 

Y  (Brace, 
older patient 
at risk of 
osteoporosis, 
data 
combined) 

Seidi,  
2014 

Hyperkyphosis, 18-25 
yrs 

External measurement 
(Flexicurve ruler: 
degree of kyphosis) at 
12 weeks 

 
Local corrective 
strength and 
flexibility 
exercises 

3 sessions 
per week 
over 12 
weeks 

19 Not 
reported 

47 
 

No treatment 19 Not 
reported 

52.6 
 

Y (Exercise 
program of 3-
months or 
less duration, 
younger 
patient; data 
combined) 

Seidi,  
2014 

Hyperkyphosis, 18-25 
yrs 

External measurement 
(Flexicurve ruler: 
degree of kyphosis) at 
12 weeks 

 
Comprehensive 
corrective 
strength and 
flexibility 
exercises 

3 sessions 
per week 
over 12 
weeks 

18 Not 
reported 

50 
 

No treatment 19 Not 
reported 

52.6 
 

Y (Exercise 
program of 3-
months or 
less duration, 
younger 
patient; data 
combined) 

Seidi, 2020 Males with upper 
cross syndrome, 18-28 
yrs 

External measurement 
(Flexicurve ruler: 
degree of kyphosis) at 
8 weeks 

 Comprehensive 
corrective 
strength and 
flexibility 
exercises 

3 sessions 
per week 
over 8 
weeks 

12 25.3 (2.5) 0  No treatment 12 25.4 (1.5) 0  Y (Exercise 
program of 3-
months or 
less duration, 
younger 
patient) 

Seidi, 2020 Males with upper 
cross syndrome, 18-28 
yrs 

External measurement 
(Flexicurve ruler: 
degree of kyphosis) at 
12 weeks 

 Comprehensive 
corrective 
strength and 
flexibility 
exercises 

3 sessions 
per week 
over 8 
weeks 

12 25.3 (2.5) 0  No treatment 12 25.4 (1.5) 0  N (follow-up) 
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Senthil, 2017 Hyperkyphosis, 35-55 
yrs 

External measurement 
(Posture Pro 8 
Postural Analysis 
photogrammetry: 
posture number) at 8 
weeks 

 
Sspecific strength, 
flexibility, and 
postural exercises 

Home 
exercises 3 
times per 
day, 4 days 
per week 
over 8 
weeks 

30 Not 
reported 

N
ot

 re
po

rt
ed

 

 
Isometric 
strength, 
flexibility, and 
postural 
exercises 

30 Not 
reported 

N
ot

 re
po

rt
ed

 

 
N (no similar 
intervention 
or control) 

Tarasi, 2019 Students with 
kyphosis over 42 
degrees 

External measurement 
of kyphosis (Flexicurve 
ruler) at 12 weeks 

 
Group 
strengthing, 
flexibility, and 
postural exercise 
program 

3 1 hour 
sessions 
per week 
over 12 
weeks 

47 23.8 (not 
reported) 

N
ot

 re
po

rt
ed

 

 
No treatment 50 23.8 (not 

reported) 

N
ot

 re
po

rt
ed

 

 
Y (Exercise 
program of 3-
months or 
less duration, 
younger 
patient) 

Toprak, 2015 University students, 
18-25 yrs 

External measurement 
(Spinal mouse: degree 
of kyphosis) at 8 
weeks 

 
Group spinal 
stabilisation 
exercise and 
postural 
education 

3 days per 
week over 
8 weeks 

24 21.0 (1.1) 50 
 

Postural 
education 

24 20.1 (1.0) 33.3 
 

N (no similar 
control) 

Toprak, 2015 University students, 
18-25 yrs 

External measurement 
(Spinal mouse: degree 
of kyphosis) at 8 
weeks 

 
Postural 
education and 
electrical 
stimulation 

3 days per 
week over 
8 weeks 

24 19.7 (1.2) 50 
 

Postural 
education 

24 20.1 (1.0) 33.3 
 

N (no similar 
intervention) 

Toprak, 2015 University students, 
18-25 yrs 

External measurement 
(Spinal mouse: degree 
of kyphosis) at 8 
weeks 

 
Postural 
education and 
biofeedback 
training 

3 days per 
week over 
8 weeks 

24 20.0 (1.0) 63 
 

Postural 
education 

24 20.1 (1.0) 33.3 
 

N (no similar 
intervention) 

Toprak, 2017 University students, 
18-25 yrs 

External measurement 
(Spinal mouse: degree 
of kyphosis) at 8 
weeks 

 
Group spinal 
stabilisation 
exercise 

8 weeks 28 21.0 (1.3) 54 
 

No treatment 25 20.4 (1.2) 48 
 

Y (Exercise 
program of 3-
months or 
less duration, 
younger 
patient) 

Vaughn, 2007 University students, 
20-65 yrs 

External measurement 
(Flexicurve ruler: 
degree of kyphosis) at 
13 weeks 

 
Strength and 
flexibility 
exercises 

4 days per 
week over 
13 weeks 

32 Not 
reported 

69 
 

No treatment 39 Not 
reported 

66.7 
 

Y  (Exercise 
program of 3-
months or 
less duration, 
younger 
patient) 

Watson, 2019 Osteoporotic 
postmenopausal 
females, over 60 yrs 

Xray measurement 
(Cobb angle 
(endplate): degree of 
kyphosis) at 8 months 

 
Specific strength 
and impact-
loading exercises 

2 times per 
week over 
8 months 

20 64 (4) 100 
 

Low intensity 
general 
strength 
exercise 

23 64 (5) 100 
 

N (no similar 
control) 
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Watson, 2019 Osteoporotic 
postmenopausal 
females, over 60 yrs 

Xray measurement 
(Cobb angle (body): 
degree of kyphosis) at 
8 months 

 
Specific strength 
and impact-
loading exercises 

2 times per 
week over 
8 months 

20 64 (4) 100 
 

Low intensity 
general 
strength 
exercise 

23 64 (5) 100 
 

N (different 
outcome 
measure) 

Watson, 2019 Osteoporotic 
postmenopausal 
females, over 60 yrs 

External measurement 
(Inclinometer: degree 
of kyphosis) relaxed 
standing at 8 months 

 
Specific strength 
and impact-
loading exercises 

2 times per 
week over 
8 months 

20 64 (4) 100 
 

Low intensity 
general 
strength 
exercise 

23 64 (5) 100 
 

N (different 
outcome 
measure) 

Watson, 2019 Osteoporotic 
postmenopausal 
females, over 60 yrs 

External measurement 
(Flexicurve ruler: 
kyphosis index (%)) at 
8 months 

 
Specific strength 
and impact-
loading exercises 

2 times per 
week over 
8 months 

20 64 (4) 100 
 

Low intensity 
general 
strength 
exercise 

23 64 (5) 100 
 

N (different 
outcome 
measure) 

Watson, 2019 Osteoporotic 
postmenopausal 
females, over 60 yrs 

External measurement 
(Inclinometer: degree 
of kyphosis) tall 
standing at 8 months 

 
Specific strength 
and impact-
loading exercises 

2 times per 
week over 
8 months 

20 64 (4) 100 
 

Low intensity 
general 
strength 
exercise 

23 64 (5) 100 
 

N (different 
outcome 
measure) 

 1 
Key: IQR Interquartile range; SD standard deviation 2 
 3 
  4 
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Table 2: Risk of bias of included studies 1 
 2 

  Selection Bias   Performance Bias   Detection Bias   Attrition Bias   Reporting Bias  Other bias  

Study  W
as

 th
e 

m
et

ho
d 

of
 ra

nd
om

is
at

io
n 

ad
eq

ua
te

? 
 

W
as

 th
e 

in
te

rv
en

tio
n 

al
lo

ca
tio

n 
co

nc
ea

le
d?

  

W
er

e 
th

e 
gr

ou
ps

 s
im

ila
r a

t b
as

el
in

e 
m

ea
su

re
m

en
t 

re
ga

rd
in

g 
th

e 
m

os
t i

m
po

rt
an

t p
ro

gn
os

tic
 

 
 W

as
 th

e 
pa

tie
nt

 b
lin

de
d 

to
 th

e 
in

te
rv

en
tio

n?
  

W
as

 th
e 

pr
ac

tit
io

ne
r b

lin
de

d 
to

 th
e 

in
te

rv
en

tio
n?

  

 W
as

 th
e 

ou
tc

om
e 

as
se

ss
or

 b
lin

de
d 

to
 th

e 
in

te
rv

en
tio

n 
or

 u
si

ng
 o

bj
ec

tiv
e 

ou
tc

om
e 

m
ea

su
re

s?
  

W
as

 th
e 

pr
im

ar
y 

ou
tc

om
e 

m
ea

su
re

m
en

t t
oo

l 
re

lia
bl

e?
 

 W
as

 in
co

m
pl

et
e 

ou
tc

om
e 

da
ta

 d
es

cr
ib

ed
 a

nd
 

w
ith

in
 re

as
on

ab
le

 li
m

its
? 

 Is
 th

e 
st

ud
y 

fr
ee

 o
f s

ug
ge

st
io

n 
of

 se
le

ct
iv

e 
re

po
rt

in
g?

 

 Is
 th

e 
st

ud
y 

fr
ee

 o
f a

ny
 o

th
er

 li
ke

ly
 so

ur
ce

s o
f b

ia
s?

 

Balbas-Alvarez, 2018  Y Y Y   N N   Y Y   Y   Y   Y 

Barker, 2020  Y Y Y  N N  Y Y  Y  Y   Y 

Bautman 2010  Y Y Y   N N   Y Y   Y   Y   Y 

Benedetti 2008  N N Y   N N   Y Y   N   Y   Y 

Bennell 2010  Y Y Y   N N   Y Y   Y   Y   Y 

Bergstrom 2011  Y N Y   N N   Y Y   Y   N   N 

Bulut, 2019  Y N N   N N   N Y   Y   Y   N 

Cergel, 2019  Y N Y   N N   Y Y   Y   Y   Y 

Gibbs, 2020  Y N Y   N N   Y Y   Y   Y   Y 

Greendale 2009  Y Y Y   N N   Y Y   Y   Y   Y 

Hosseinabadi  Y Y Y   N N   Y Y   Y   Y   Y 

Itoi, 1994  N N Y   N N   Y Y   Y   Y   Y 

Jaromi 2012  Y N Y   N N   Y Y   Y   Y   N 

Kaijser 2019  Y Y N   N N   Y Y   Y   N   Y 
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Katzman Parimi 2017   Y Y N   N N   Y Y   Y   Y   Y 

Katzman Vittinghoff, 2017  Y Y Y   N N   Y Y   Y   Y   Y 

Muyor, 2012  Y N Y   N N   Y Y   Y   Y   Y 

Naderi, 2019  N N Y   N N   Y Y   N   N   Y 

Pfeifer, 2004  N N Y   N N   Y Y   Y   Y   Y 

Pfeifer, 2011  N N Y   N N   Y Y   Y   Y   Y 

Seidi, 2014  Y Y Y   N N   Y Y   Y   Y   Y 

Seidi, 2020  Y Y Y  N N  N Y  Y  Y  Y 

Senthil, 2017  Y Y Y   N N   Y Y   Y   Y   Y 

Tarasi, 2019  N N Y   N N   N Y   N   Y   Y 

Toprak 2015  N N Y   N N   Y Y   Y   N   Y 

Toprak, 2017  Y N Y   N N   Y Y   Y   Y   Y 

Vaughn, 2007  Y N Y   N N   Y Y   Y   Y   Y 

Watson, 2019  Y Y Y   N N   Y Y   N   N   Y 
 1 
Key: Y low risk of bias; N high risk of bias 2 
 3 
  4 
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Table 3: Results of included studies 1 
 2 

      Intervention group   Control group       

Study Outcome measure 
and timing  

De
sc

rip
tio

n 

Sa
m

pl
e 

si
ze

 

M
ea

n 
ba

se
lin

e 
ky

ph
os

is
 in

 
de

gr
ee

s (
SD

) 

M
ea

n 
po

st
-

in
te

rv
en

tio
n 

ky
ph

os
is

 in
 

de
gr

ee
s (

SD
) 

  De
sc

rip
tio

n 

Sa
m

pl
e 

si
ze

 

M
ea

n 
ba

se
lin

e 
ky

ph
os

is
 in

 
de

gr
ee

s (
SD

) 

M
ea

n 
po

st
-

in
te

rv
en

tio
n 

ky
ph

os
is

 in
 

de
gr

ee
s (

SD
) 

  Di
ffe

re
nc

e 
in

 
m

ea
ns

 in
 

de
gr

ee
s (

95
%

 
CI

) 

St
an

da
rd

is
ed

 
di

ffe
re

nc
e 

in
 

m
ea

ns
 (9

5%
 

CI
) 

Exercise interventions 
 

            

Barker, 2020 External 
measurement of 
kyphosis (Flexicurve 
ruler) at 4 months 

 
Strength, balance, 
and flexibility 
exercise program 

170 51.2 (34.8) Not 
reported 

 
General 
education 
session 

167 49.1 (40.6) Not reported 
 

-1.0 (-9.6, 7.7) -0.0 (-0.2, 
0.2) 

Barker, 2020 External 
measurement of 
kyphosis (Flexicurve 
ruler) at 12 months 

 
Strength, balance, 
and flexibility 
exercise program 

152 51.2 (34.8) Not 
reported 

 
General 
education 
session 

167 49.1 (40.6) Not reported 
 

-4.2 (-13.4, 
5.1) 

-0.1 (-0.3, 
0.1) 

Benedetti, 
2008 

External 
measurement 
(Occiput to wall 
distance (cm)) at 3 
months 

 
Strength and 
flexibility exercises 
targeting improving a 
flexed posture 

15 7.4cm (2.0) 6.0cm (1.9) 
 

General 
postural 
exercises 

13 8.5cm (2.6) 7.9cm (2.3) 
 

-0.9cm (-2.9, 
1.2) 

-0.3 (-1.0, 
0.5) 

Bergstrom, 
2011 

External 
measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 4 
months 

 
Strength and 
flexibility exercises 
targeting improving a 
flexed posture 

15 38.1 (11.9) Not 
reported 

 
No treatment 13 45.7 (8.8) Not reported 

 
No post-
intervention 
data reported 
- results 
stated no 
significant 
change 

Not 
estimable 
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Cergel, 2019 External 
measurement of 
kyphosis 
(Inclinometer) at 6 
weeks 

 
Supervised group 
strengthening 
exercise program 

20 46.4 (8.8) 41.3 (7.2) 
 

No treatment 20 42.6 (6.7) 42.9 (6.6) 
 

-5.4 (-11.9, 
1.1) 

-0.5 (-1.2, 
0.1) 

Cergel, 2019 External 
measurement of 
kyphosis 
(Inclinometer) at 6 
weeks 

 
Home structured 
strengthening 
exercise program 

20 42.1 (7.2) 40.7 (6.1) 
 

No treatment 20 42.6 (6.7) 42.9 (6.6) 
 

-1.8 (-7.0, 3.5) -0.2 (-0.8, 
0.4) 

Gibbs, 2020 External 
measurement 
(Occiput to wall 
distance (cm)) at 12 
months 

 
Individual 
strengthening, 
flexibility, and 
balance exercise 
program 

71 5.3cm (4.0) 5.3cm (4.4) 
 

Educational 
sessions 

70 6.2cm (4.7) 6.1cm (3.9) 
 

0.1cm (-0.7, 
1.0) 

0.1 (-0.3, 
0.4) 

Greendale, 
2009 

External 
measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 6 
months 

 
Hatha yoga 
addressing strength, 
flexibility, and 
proprioception 

55 56.2 
(95%CI: 
51.7, 63.7) 

Not 
reported 

 
Educational 
sessions 

50 58.7 
(95%CI: 
49.0, 65.5) 

Not reported 
 

-1.7 (-5.3, 1.9) -0.1 (-0.5, 
0.3) 

Greendale, 
2009 

External 
measurement 
(Flexicurve ruler: 
kyphosis index (%)) 
at 6 months 

 
Hatha yoga 
addressing strength, 
flexibility, and 
proprioception 

55 16% 
(95%CI: 14, 
18) 

Not 
reported 

 
Educational 
sessions 

50 16% 
(95%CI: 14, 
19) 

Not reported 
 

0.0 (0.0, 0.0) -0.5 (-0.9, -
0.1) 

Greendale, 
2009 

External 
measurement 
(Flexicurve ruler: 
degree of kyphosis) 
at 6 months 

 
Hatha yoga 
addressing strength, 
flexibility, and 
proprioception 

55 36.1 
(95%CI: 
31.6, 39.8) 

Not 
reported 

 
Educational 
sessions 

50 36.6 
(95%CI: 
31.3, 41.7) 

Not reported 
 

-1.8 (-3.7, 0.2) -0.3 (-0.6, 
0.1) 
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Itoi, 1994 Xray measurement 
(Cobb angle: degree 
of kyphosis) at 2 
years 

 
Home strength 
exercises 

32 34.1 (11.2) 35.7 (10.2) 
 

No treatment 28 34.2 (8.4) 34.3 (9.2) 
 

1.6 (-1.1, 4.3) 0.3 (-0.2, 
0.8) 

Jaromi, 2012 External 
measurement 
(Zebris WinSpine 
Pointer Posture 3D 
ultrasonic 
biomechanical 
movement analysis 
system: degree of 
kyphosis) at 6 weeks 

 
Strength, flexibility, 
postural exercises 
and back school 

56 Not 
reported 

Not 
reported 

 
Passive 
physiotherapy 
(TENS and heat 
therapy) 

55 Not 
reported 

Not reported 
 

-28.4 (-30.7, -
26.1) 

-4.6 (-5.3, -
3.9) 

Jaromi, 2012 External 
measurement 
(Zebris WinSpine 
Pointer Posture 3D 
ultrasonic 
biomechanical 
movement analysis 
system: degree of 
kyphosis) at 6 
months 

 
Strength, flexibility, 
postural exercises 
and back school 

56 Not 
reported 

Not 
reported 

 
Passive 
physiotherapy 
(TENS and heat 
therapy) 

55 Not 
reported 

Not reported 
 

-28.4 (-30.7, -
26.1) 

-4.6 (-5.3, -
3.9) 
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Jaromi, 2012 External 
measurement 
(Zebris WinSpine 
Pointer Posture 3D 
ultrasonic 
biomechanical 
movement analysis 
system: degree of 
kyphosis) at 1 year 

 
Strength, flexibility, 
postural exercises 
and back school 

56 Not 
reported 

Not 
reported 

 
Passive 
physiotherapy 
(TENS and heat 
therapy) 

55 Not 
reported 

Not reported 
 

-27.3 (-29.9, -
24.7) 

-3.9 (-4.6, -
3.3) 

Kaijser, 2019 External 
measurement 
(Flexicurve ruler: 
kyphosis index (%)) 
at 6 months 

 
Strength, balance 
and postural 
exercises 

38 Not 
reported 

Not 
reported 

 
No treatment 37 Not 

reported 
Not reported 

 
No post-
intervention 
data reported 
- results 
stated no 
significant 
change 

Not 
estimable 

Katzman 
Parimi, 2017 

Xray measurement 
(Cobb angle: degree 
of kyphosis) at 3 
months 

 
Strength, flexibility 
and postural group 
exercises 

53 57.5 (13.6) Not 
reported 

 
Waitlist 48 54.2 (10.4) Not reported 

 
-1.7 (-3.1, -0.3) -0.4 (-0.8, 

0.0) 

Katzman 
Parimi, 2017 

External 
measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 3 
months 

 
Strength, flexibility 
and postural group 
exercises 

53 51.4 (7.9) Not 
reported 

 
Waitlist 48 52.7 (7.0) Not reported 

 
-4.8 (-6.3, -3.3) -0.9 (-1.3, -

0.5) 
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Katzman 
Vittinghoff, 
2017 

Xray measurement 
(Cobb angle: degree 
of kyphosis) at 6 
months 

 
Strength, flexibility 
and postural group 
exercises 

51 56.8 (12.2) Not 
reported 

 
Educational 
sessions 

48 57.9 (12.9) Not reported 
 

-3.0 (-4.6, -1.4) -0.5 (-0.9, -
0.1) 

Katzman 
Vittinghoff, 
2017 

External 
measurement 
(Debrunner 
kyphometer: degree 
of kyphosis) at 6 
months 

 
Strength, flexibility 
and postural group 
exercises 

51 54.1 (8.2) Not 
reported 

 
Educational 
sessions 

48 54.1 (9.1) Not reported 
 

-2.9 (-4.8, -1.0) -0.4 (-0.8, -
0.0) 

Muyor, 2012 External 
measurement 
(Spinal mouse: 
degree of kyphosis) 
standing at 12 
weeks 

 
Hamstring stretches 27 31.9 (10.3) 32.6 (10.1) 

 
No treatment 31 32.7 (9.2) 34.0 (10.1) 

 
-0.6 (-6.0, 4.7) -0.0 (-0.6, 

0.5) 

Muyor, 2012 External 
measurement 
(Spinal mouse: 
degree of kyphosis) 
in forward flexion at 
12 weeks 

 
Hamstring stretches 27 45.8 (8.5) 37.3 (8.0) 

 
No treatment 31 43.7 (8.6) 42.9 (10.9) 

 
-7.7 (-12.5, -
2.8) 

-0.6 (-1.1, -
0.1) 

Naderi, 2019 External 
measurement 
(Flexicurve ruler: 
degree of kyphosis) 
at 12 weeks 

 
Strength and 
flexibility exercises 

12 59.3 (5.3) 51.8 (4.5) 
 

No treatment 12 57.7 (2.9) 55.7 (2.0) 
 

-5.6 (-9.9, -1.2) -0.8 (-1.7, 
0.0) 
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Seidi, 2014 External 
measurement 
(Flexicurve ruler: 
degree of kyphosis) 
at 12 weeks 

 
Local corrective 
strength and 
flexibility exercises 

19 48.1 (2.0) 43.0 (2.1) 
 

No treatment 19 46.6 (2.0) 45.9 (2.0) 
 

-4.4 (-5.8, -3.0) -1.6 (-2.3, -
0.8) 

Seidi, 2014 External 
measurement 
(Flexicurve ruler: 
degree of kyphosis) 
at 12 weeks 

 
Comprehensive 
corrective strength 
and flexibility 
exercises 

18 47.3 (2.1) 35.0 (2.3) 
 

No treatment 19 46.6 (2.0) 45.9 (2.0) 
 

-11.6 (-13.1, -
10.2) 

-4.0 (-5.1, -
2.8) 

Seidi, 2020 External 
measurement 
(Flexicurve ruler: 
degree of kyphosis) 
at 8 weeks 

 
Comprehensive 
corrective strength 
and flexibility 
exercises 

12 47.9 (2.6) 36.3 (1.9) 
 

No treatment 12 46.7 (1.8) 47.3 (2.1) 
 

-12.1 (-13.8, -
10.4) 

-5.4 (-7.2, -
3.5) 

Seidi, 2020 External 
measurement 
(Flexicurve ruler: 
degree of kyphosis) 
at 12 weeks 

 
Comprehensive 
corrective strength 
and flexibility 
exercises 

12 47.9 (2.6) 38.2 (1.2) 
 

No treatment 12 46.7 (1.8) 47.2 (2.3) 
 

-10.2 (-11.7, -
8.6) 

-5.0 (-6.8, -
3.3) 

Senthil, 2017 External 
measurement 
(Posture Pro 8 
Postural Analysis 
photogrammetry: 
posture number) at 
8 weeks 

 
Sspecific strength, 
flexibility, and 
postural exercises 

30 17.6 
posture 
number 
(4.2) 

7.7 posture 
number 
(3.8) 

 
General, non-
specific exercise 

30 16.7 
posture 
number 
(2.9) 

12.6 posture 
number (2.6) 

 
-5.7 posture 
number (-7.6, 
-3.9) 

-1.2 (-1.8, -
0.7) 

Tarasi, 2019 External 
measurement of 
kyphosis (Flexicurve 
ruler) at 12 weeks 

 
Group strengthing, 
flexibility, and 
postural exercise 
program 

47 48.0 (3.0) 40.8 (2.3) 
 

No treatment 50 47.7 (2.8) 48.0 (3.0) 
 

-7.6 (-8.3, -6.9) -4.3 (-5.1, -
3.6) 
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Toprak, 2015 External 
measurement 
(Spinal mouse: 
degree of kyphosis) 
at 8 weeks 

 
Group spinal 
stabilisation exercise 
and postural 
education 

24 43.3 (2.2) 34.2 (2.1) 
 

Postural 
education 

24 39.5 (1.7) Not reported 
 

-7.0 (-10.7, -
3.4) 

-1.1 (-1.7, -
0.5) 

Toprak, 2017 External 
measurement 
(Spinal mouse: 
degree of kyphosis) 
at 8 weeks 

 
Group spinal 
stabilisation exercise 

28 Median 
(IQR): 44.5 
(37.0, 48.8) 

Median 
(IQR): 36.5 
(28.3, 41.5) 

 
No treatment 25 Median 

(IQR): 42.0 
(34.0, 48.0) 

Median (IQR): 
42.0 (31.0, 
48.0) 

 
-8.0 (-10.9, -
5.1) 

-1.5 (-2.1, -
0.9) 

Vaughn, 2007 External 
measurement 
(Flexicurve ruler: 
degree of kyphosis) 
at 13 weeks 

 
Strength and 
flexibility exercises 

32 46.4 (8.7) 43.4 (9.6) 
 

No treatment 39 44.6 (12.5) 45.1 (13.4) 
 

-3.5 (-6.7, -0.4) -0.5 (-1.0, -
0.1) 

Watson, 2019 Xray measurement 
(Cobb angle 
(endplate): degree 
of kyphosis) at 8 
months 

 
Specific strength and 
impact-loading 
exercises 

20 29.6 (9.6) 29.6 (9.1) 
 

Low intensity 
general 
strength 
exercise 

23 31.5 (11.4) 30.8 (10.1) 
 

0.6 (-2.1, 3.3) 0.1 (-0.5, 
0.7) 

Watson, 2019 Xray measurement 
(Cobb angle (body): 
degree of 
kyphosis) at 8 
months 

 
Specific strength and 
impact-loading 
exercises 

20 32.2 (9.2) 31.1 (10.5) 
 

Low intensity 
general 
strength 
exercise 

23 33.4 (12.3) 33.9 (11.3) 
 

-1.5 (-4.3, 1.3) -0.3 (-0.9, 
0.3) 
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Watson, 2019 External 
measurement 
(Inclinometer: 
degree of kyphosis) 
relaxed standing at 
8 months 

 
Specific strength and 
impact-loading 
exercises 

20 49.6 (8.6) 44.9 (7.6) 
 

Low intensity 
general 
strength 
exercise 

23 44.5 (9.5) 40.3 (6.2) 
 

-0.5 (-4.5, 3.5) -0.1 (-0.7, 
0.5) 

Watson, 2019 External 
measurement 
(Flexicurve ruler: 
kyphosis index 
(%)) at 8 months 

 
Specific strength and 
impact-loading 
exercises 

20 11.0% (2.8) 8.9% (2.4) 
 

Low intensity 
general 
strength 
exercise 

23 10.6% (2.6) 8.7% (2.4) 
 

-0.2% (-1.6, 
1.2) 

-0.1 (-0.7, 
0.5) 

Watson, 2019 External 
measurement 
(Inclinometer: 
degree of kyphosis) 
tall standing at 8 
months 

 
Specific strength and 
impact-loading 
exercises 

20 43.1 (9.0) 37.8 (8.8) 
 

Low intensity 
general 
strength 
exercise 

23 35.0 (10.2) 33.0 (7.1) 
 

-3.3 (-8.0, 1.4) -0.4 (-1.0, 
0.2) 

Multimodal interventions 
             

Balbas-
Alvarez, 2018 

External 
measurement 
(Flexicurve ruler: 
kyphosis index (%)) 
at 4 weeks 

 
Multimodal: manual 
therapy, exercises, 
and inspiratory 
muscle training 

26 10.1% (1.7) 8.7% (1.5) 
 

Inspiratory 
muscle training 

25 8.9% (2.3) 8.5% (2.4) 
 

-0.9% (-1.5, -
0.3) 

-0.6 (-1.2, -
0.1) 

Barker, 2020 External 
measurement of 
kyphosis (Flexicurve 
ruler) at 4 months 

 
Manual therapy, 
taping and stretching 
exercises 

173 48.6 (22.4) Not 
reported 

 
No treatment 167 49.1 (40.6) Not reported 

 
0.7 (-5.2, 6.9) 0.0 (-0.2, 

0.2) 
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Barker, 2020 External 
measurement of 
kyphosis (Flexicurve 
ruler) at 12 months 

 
Manual therapy, 
taping and stretching 
exercises 

156 48.6 (22.4) Not 
reported 

 
No treatment 167 49.1 (40.6) Not reported 

 
-1.9 (-10.4, 
6.6) 

-0.1 (-0.3, 
0.2) 

Bautman, 
2010 

External 
measurement 
(Spinal mouse: 
degree of kyphosis) 
at 3 months 

 
Multi modal: 
rehabilitation 
including spinal 
manipulation, taping, 
and strength and 
flexibility exercises 

29 52.5 (2.2) 49.1 (2.0) 
 

Wait list 
physiotherapy 

19 52.8 (3.6) 54.8 (3.6) 
 

-5.4 (-7.0, -3.8) -1.4 (-2.0, -
0.7) 

Bennell, 2010 External 
measurement 
(Dualer electric 
inclinometer: 
degree of kyphosis) 
at 11 weeks 

 
Multimodal: 
physiotherapy 
including manual 
therapy (massage 
and spinal 
mobilisation), taping, 
and strength and 
flexibility exercises 

11 59 (9) 56 (10) 
 

No treatment 9 58 (12) 58 (12) 
 

-3.0 (-7.8, 1.8) -0.6 (-1.5, 
0.3) 

Bracing 
              

Hosseinabadi, 
2020 

External 
measurement of 
kyphosis 
(Inclinometer) at 13 
weeks 

 
Spinomed brace 22 55.3 (1.1) 43.5 (1.2) 

 
No treatment 22 54.7 (1.1) 56.7 (1.1) 

 
-13.8 (-16.9, -
10.8) 

-2.7 (-3.5, -
1.9) 

Kaijser, 2019 External 
measurement 
(Flexicurve ruler: 
kyphosis index (%)) 
at 6 months 

 
Spinomed brace 38 Not 

reported 
Not 
reported 

 
No treatment 37 Not 

reported 
Not reported 

 
No post-
intervention 
data reported 
- results 
stated no 
significant 
change 

Not 
estimable 
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Pfeifer, 2004 External 
measurement (3D 
photomorphometry: 
degree of kyphosis) 
at 6 months 

 
Spinomed brace 31 74.2 (9.8) Not 

reported 

 
No treatment 31 70.8 (9.9) Not reported 

 
-6.3 (-9.0, -3.7) -1.2 (-1.7, -

0.7) 

Pfeifer, 2011 External 
measurement (3D 
photomorphometry: 
degree of kyphosis) 
at 6 months 

 
Spinomed brace 36 74.2 (9.8) Not 

reported 

 
No treatment 36 70.8 (9.9) Not reported 

 
-6.3 (-8.8, -3.9) -1.2 (-1.7, -

0.7) 

Pfeifer, 2011 External 
measurement (3D 
photomorphometry: 
degree of kyphosis) 
at 6 months 

 
Spinomed active 
brace 

36 72.7 (10.2) Not 
reported 

 
No treatment 36 70.8 (9.9) Not reported 

 
-6.5 (-10.4, -
2.6) 

-0.2 (-0.6, 
0.3) 

Taping 
              

Bulut, 2019 External 
measurement of 
kyphosis 
(Inclinometer) at 3 
weeks 

 
Taping for 3 weeks 
and standard home 
osteoporosis 
exercises twice a day 
for 6 weeks 

20 57.1 (10.3) 55.9 (9.8) 
 

General 
exercise 

22 56.0 (9.3) 55.1 (9.9) 
 

-0.4 (-1.5, 0.6) -0.3 (-0.9, 
0.4) 

Bulut, 2019 External 
measurement of 
kyphosis 
(Inclinometer) at 6 
weeks 

 
Taping for 3 weeks 
and standard home 
osteoporosis 
exercises twice a day 
for 6 weeks 

20 57.1 (10.3) 56.4 (10.1) 
 

General 
exercise 

22 56.0 (9.3) 55.1 (9.7) 
 

0.2 (-1.0, 1.3) 0.1 (-0.5, 
0.7) 

Electrical stimulation 
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Toprak, 2015 External 
measurement 
(Spinal mouse: 
degree of kyphosis) 
at 8 weeks 

 
Postural education 
and electrical 
stimulation 

24 43.6 (1.6) 37.0 (2.5) 
 

Postural 
education 

24 39.5 (1.7) Not reported 
 

-4.5 (-9.3, 0.2) -0.6 (-1.1, 
0.0) 

Biofeedback training 
             

Toprak, 2015 External 
measurement 
(Spinal mouse: 
degree of kyphosis) 
at 8 weeks 

 
Postural education 
and biofeedback 
training 

24 42.5 (2.0) Not 
reported 

 
Postural 
education 

24 39.5 (1.7) Not reported 
 

-0.9 (-5.8, 3.9) -0.1 (-0.7, 
0.5) 

 1 

Key: SD standard deviation; 95%CI 95% confidence interval; IQR interquartile range 2 

 3 

  4 
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Figures 1 

Figure 1 Prisma flowchart of study selection 2 

 3 

Figure 2 Forest plot of meta-analyses 4 
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