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Title: The effectiveness of physiotherapy sitting balance treatments on sitting balance outcomes in 1 

early sub-acute stroke. A systematic review and meta-analysis. 2 

 3 

Abstract 4 

Background: Difficulties with sitting balance are common after stroke. The ability to sit unsupported 5 

is imperative for many daily tasks and correlated to more positive outcomes. There is limited 6 

research on “sitting balance” therapeutic interventions and their impact. This systematic review and 7 

meta-analysis aims to investigate the effectiveness of physiotherapy sitting balance treatments on 8 

sitting balance outcomes in people up to 3-months post-stroke. 9 

Methods: The PRISMA checklist was followed and the review registered on PROSPERO. Seven 10 

electronic databases were searched to October 2023 (updated in January 2025) for studies comparing 11 

treatments focussing on sitting balance in adults who had suffered a cerebral stroke in the last three 12 

months. Studies were included if treatment was predominantly completed in sitting postures and 13 

reported sitting balance outcomes.  14 

Studies were assessed for eligibility, and data extraction and risk of bias was completed by two 15 

independent reviewers.  16 

Results: Data from 16 studies (623 participants) was synthesised narratively. Sitting balance 17 

interventions were classified into four main categories: weight shift and reaching; core stability 18 

exercises; environmental modifications; and task practice. A random effects meta-analysis conducted 19 

on eight studies (342 participants) revealed interventions to be beneficial for sitting balance (primary 20 

outcome: mean difference Trunk Impairment Scale 3.02; 95% confidence interval 2.19 to 3.86). Four 21 

studies demonstrated low risk of bias; and four showed some concerns. 22 

Conclusions: The current sitting balance treatments offered to early sub-acute stroke patients show 23 

significant improvements in sitting balance primary outcome. Sitting balance treatments can be 24 

categorised into four sub-types, helping to standardise clinical application and ensure consistency in 25 

future research.  26 
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KEYWORDS: Physiotherapy, sitting balance, stroke. 27 

PROSPERO: CRD42023444050 28 

 29 

Contribution of the research: 30 

Sitting balance impairment is significantly improved with therapy interventions completed in sitting. 31 

Four main categories of sitting balance treatments have been researched in the subacute stroke 32 

population.  33 
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Introduction 34 

Stroke is a common neurological condition caused by infarct or haemorrhage in the brain, leading to 35 

subsequent mild to severe disability1. It is reported that balance is affected in up to 80% of people 36 

post-stroke2, with around 20% not regaining independent sitting during their hospitalisation3. Sitting 37 

balance is a necessity for many daily activities4. The ability to sit is a prognostic factor for longer-term 38 

mobility outcomes5,6,7. 39 

 40 

Balance involves three key sensory inputs: vision, sensation and vestibular; which integrate within the 41 

brain to coordinate the motor control output. Deficits within these systems cause impaired sitting 42 

balance, impacting on the ability to complete daily activities in sitting. Recent stroke clinical 43 

guidelines8 recommend progressive balance training and repetitive task practice to treat impaired 44 

balance, combining sitting, standing and walking balance.  45 

 46 

Sitting balance and tasks in sitting are currently a large component of stroke rehabilitation, especially 47 

in the earlier stages post stroke when people are often under the care of specialist stroke teams. 48 

Positive gains from seated exercises on balance and mobility outcomes have been demonstrated in a 49 

recent meta-analysis9. Seven studies were included, using chair-based interventions in adults living 50 

with stroke who were mostly in the chronic phase after onset. A recent Cochrane review10 of 68 51 

studies (2585 participants) comparing trunk training versus non-dose-matched or dose-matched 52 

control therapy demonstrated significant improvements in activities of daily living as a primary 53 

outcome, as well as improvements in standing balance and trunk function, with more significant 54 

results in the non-dose matched comparisons. Whilst this review demonstrated positive outcomes as 55 

a result of trunk training, included studies were generally of very low to low quality and little research 56 

was found to have been done in the acute and sub-acute stages after stroke onset. This is a critical 57 

time period for targeted rehabilitation to optimise opportunity for recovery; and sitting balance ability 58 

in this period has been shown to be important for prediction of recovery5.  It remains unclear which 59 
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treatments might best be used in clinical practice, to support recovery of this important function 60 

during the early stages of rehabilitation.  61 

 62 

This systematic review and meta-analysis aimed to investigate the effectiveness of physiotherapy 63 

sitting balance treatments on sitting balance outcomes in people up to three months post-stroke 64 

(early subacute phase11). The primary outcome of sitting balance impairment, and secondary 65 

outcomes of sitting balance function, are assessed, in line with expert recommendations on sitting 66 

balance outcome measurement in stroke research12. 67 

 It also aims to categorise types of sitting balance intervention from the current research, in order to 68 

enhance clinical potential clinical application.  69 

 70 

Methods   71 

The protocol for this systematic review was prospectively registered in July 2023 with the PROSPERO 72 

database (CRD42023444050) and is reported according to the Preferred Reporting Items for 73 

Systematic Reviews and Meta-Analyses (PRISMA) statement13. 74 

 75 

Studies were included in the review if:  76 

(1) they were experimental design, with a control arm; 77 

(2) they included people aged 18 years and older who had experienced a stroke, and who were within 78 

the early sub-acute (three months or less) stroke period;  79 

(3) sitting balance treatment intervention (treatment predominantly in sitting posture) was main 80 

experimental treatment; 81 

(4) they reported sitting balance outcome measurements. 82 

 83 

Studies were excluded from the review if:  84 

(1) they were of a design other than experimental;  85 
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(2) the primary outcome measurement focussed on standing balance or gait;  86 

(3) interventions were primarily completed in postures other than sitting; 87 

(4) they reported other neurological conditions with stroke; 88 

(5) participants were in the later phase (more than three months) post-stroke, or had more than one 89 

previous stroke. 90 

 91 

Search strategy, study selection and data extraction 92 

The electronic databases MEDLINE, CINAHL, EMCARE, EMBASE, SCOPUS, WEB of SCIENCE and AMED 93 

were systematically searched in October 2023, and updated in January 2025, by a medical librarian 94 

using a combination of keyword search terms around the constructs of sitting, balance, physiotherapy 95 

and stroke (appendix 1). Duplicates were removed. Studies were assessed by two independent 96 

reviewers (RR, JHP or KW) using specific eligibility criteria, initially by title and abstract, then full text, 97 

using the Rayyan software14. A third reviewer (JHP or KW) was available for disagreement resolution, 98 

if required. Reference lists of included papers were checked. Information on the participant 99 

demographics, intervention, controls, and main sitting balance outcomes in the studies were 100 

extracted independently by two reviewers (RR, and either JHP or KW).  101 

 102 

Risk of Bias Assessment  103 

The bias of individual studies was assessed by two reviewers (RR, and either JHP or KW) independently 104 

using the Cochrane Risk of Bias tool (ROB-2 tool)15. If discrepancies occurred, a third reviewer (JHP or 105 

KW) decided following their own assessment.  106 

 107 

Statistical Analysis 108 

A meta-analysis was conducted based on the primary outcome of measurement of sitting balance 109 

impairment. A secondary meta-analysis was conducted on the secondary outcome of sitting balance 110 

activity/function. 111 
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For both outcomes, random effects meta-analyses were constructed using the DerSimionian and Laird 112 

model16. This model assumes that the individual studies represent a random sample from a population 113 

of studies with a mean treatment effect about which individual study effects vary. Random effects 114 

models were chosen for the meta-analyses to reflect recognised clinical and methodological 115 

heterogeneity across included studies with respect to the outcome measures. A 95% confidence 116 

interval of the approximate predictive distribution of a future trial, based on the extent of 117 

heterogeneity, was included in the meta-analysis of the primary outcome. 118 

 119 

The meta-analysis of the primary outcome was based on pooled unstandardised mean differences, as 120 

all studies utilised the same outcome measured on the same scale. The secondary meta-analysis was 121 

based on consideration of a pooled standardised mean difference, as not all studies used the same 122 

instrument to measure the outcome of interest. 123 

  124 

Effects were calculated based on intervention effect minus control treatment effect; with precision 125 

assessed via associated 95% confidence intervals (CIs). Analyses were based on summary statistics of 126 

post-test scores in both groups (sample size, mean and standard deviation). Where not reported 127 

directly, standard deviations were calculated from reported confidence intervals.  128 

 129 

Forest plots were conducted for both meta-analyses, reporting the synthesised estimate, and 130 

associated 95% CI, and a Z-test for the standardised mean difference. Heterogeneity statistics were 131 

also reported, including findings from a test for heterogeneity, the I2 statistic and the τ2 statistic (an 132 

estimate of between-study variance). Statistical significance was reported at the 5% significance level. 133 

 134 

Sensitivity analyses were conducted on the meta-analyses of the primary outcome to assess the 135 

robustness of the derived estimates. Funnel plots were proposed for the meta-analysis of the primary 136 
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outcome to detect small study effect-related bias but were not constructed due to a paucity of 137 

included studies. No subgroup analyses were proposed or conducted. 138 

 139 

Results 140 

The combined databases searched identified 1299 papers. After removal of duplicates, 1055 trials 141 

were screened by title and abstract. This process identified 34 full-text articles for screening; of which 142 

16 met the inclusion criteria and were included in the review. Figure 1 details the PRISMA flow diagram 143 

of the search process. All citations of the included studies were reviewed for relevant studies, but no 144 

new additional studies were identified.  145 

Figure 1 PRISMA flow diagram 146 

 147 

 148 

Data was extracted and analysed using a standardised template for the 16 included studies (Table 1).149 
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Study Study 
Design; 
Country 

Participant characteristics  
Sample size; male: female; right: left stroke; 
Experimental group (E) : comparison (C); E:C mean 
age (SD); sample clinical characteristics 

Experimental condition 
(CATEGORY)  

Comparison Sitting balance outcome measures and 
results (p-value) 

Result summary 

Murkel and Merholz, 
201417 

RCT 
Germany 

20  
M:F 11:9;  
R:L 11:9; 
E:C 10:10; 
Mean age (SD): 71.67+/-9.94: 72.7 +/- 4.62 
Trunk Control Test>48 

Single session External focus, 
shift as much weight sidewards 
to an external point. 
WEIGHT SHIFT and REACHING 

Single session, 
Internal focus, 
maximal shift weight 
sideways. 

Lateral weight shift distance. 
External focus group greater difference of 
lateral body weight shift (8.7 cm ± 2.6 versus 
4.5 cm ± 3.3; P = 0.006). 
 

Both groups showed 
improved lateral body 
weight shift.  

Pollock et al, 200218 Pilot RCT 
United 
Kingdom 

28 
M:F 12:16 
R:L 17:11 
E:C 9:19 
Mean age: 68.4 +/- 13.4: 73.1 +/- 10.3 
Only anterior strokes (no POCS) 

Independent practice session of 
sitting reaching tasks 
WEIGHT SHIFT and REACHING 

Conventional 
therapy 

Force plate weight transfer and symmetry. 
No significant differences between the two 
groups (p > 0.05) 

Both groups showed some 
improvement in max weight 
transfer and better weight 
symmetry distribution in 
experimental group. 

Saeys et al, 2012 19 ** RCT 
Belgium 

33 
M:F 16:17 
R:L 17:16 
E:C 18:15 
Mean age: 61.9+/-13.8: 61.07 +/- 9  
Berg Balance score>25./56 

Sitting muscle strengthening, 
task practice 
CORE STABILITY, TASK 
PRACTICE, REACHING AND 
WEIGHT SHIFT 

UL rehabilitation 
exercises 

Trunk Impairment scale. 
A treatment effect was found for the 
experimental group on the TIS (P < .001) 

Improved dynamic sitting 
balance both groups, better 
in experimental group. 

Sheehy et al, 2020 20 * RCT 
America 
 

76 
M:F 42:27 
R:L 42:27 
E:C 38:38 
Mean age: 64.9 +/-15.8; 64.7 +/-15.2 

Virtual Reality reaching exercises 
ENVIRONMENTAL, REACHING 
AND WEIGHT SHIFT 

Virtual reality - 
minimal trunk or UL 
movement 

Function in sitting test, Pre/post differences 
for FIST were 3.4 ([CI] 0.5;6.3) for the 
experimental group; 5.3 (2.9;7.7) for the 
control group, no difference between groups 
p>0.006)  

Both groups improved, 
control group more. 

Verheyden et al, 200921 
** 

Pilot RCT 
Belgium 
 

33 
M:F 20:13 
R:L 17:16 
E:C 17:16 
Mean age: 52 +/-11; 62 +/- 13 
Baseline Trunk Impairment scale 14-16 

Supine / sitting trunk control 
exercises 
CORE STABILITY 

Conventional 
therapy 

Trunk Impairment scale 
Dynamic sitting balance subscale showed 
significant improvements (P = .002), all others 
no significant different between groups. 

Improved dynamic trunk 
impairment in intervention. 

Cabanas-Valdes et al, 
201622 *,** 

RCT 
Spain 

80 
M:F 40:40 
R:L 45:35 
E:C 40:40 
Mean age: 75.69 +/-9.4; 74.92 +/- 10.7 
Baseline Trunk Impairment scale 3-4 

15 mins additional core stability 
training 
CORE STABILITY 

Conventional 
therapy 

Trunk Impairment scale, FIST. 
Experimental group showed statistically 
significant differences for all of the total scale 
scores (P<0.05). 

Greater improvements in 
intervention group for all 
outcome measures. 

Dean et al, 200723 RCT 
United 
Kingdom 

12 
M:F 6:6 
R:L 8:4 
E:C 9:3 
Mean age: 60+/-7; 74 +/-12 
Two week daily training. 

Sitting training reaching out of 
base of support 
WEIGHT SHIFT and REACHING 

Upper limb training 
in base of support 

Maximum reach and speed of reach. 
The experimental group had increased their 
maximum reach distance by 0.17 m (95% CI 
0.12 to 0.21), decreased their movement 
time by 0.5 s (95% CI –0.8 to –0.2). 

Greater improvements in 
intervention group for 
sitting ability, better reach 
distance/ 

Fujino et al, 201624 * RCT 
Japan 
 

43 
M:F 21:9 
R:L 10:20 
E:C 23:20 
Mean age: 67.9 +/-7.8; 64.4 +/- 7.5 

Sitting on plinth tilted 10 
degrees, lateral weight shift 
ENVIRONMENTAL, WEIGHT 
SHIFT and REACHING 

lateral weight shift 
on plinth 

Trunk control test, lateral weight shift. 
Significant differences in experimental group 
compared to control in the TCT (P<0.05) 

Trunk control test showed 
significant difference in 
intervention group. 

Howe et al, 200525 * RCT 35 
M:F 18:17  

Seated reaching 
WEIGHT SHIFT and REACHING 

Conventional 
therapy 

Lateral reach distance, and time taken to 
return to sit position. 

No significant difference 
between groups except 
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United 
Kingdom 

R:L 20:15 
E:C 17:18 
Mean age: 71.5 +/- 10.2; 70.7 +/- 7.2 

Time taken to return to quiet sit in 
intervention group improved significantly 
(p=0.01). 

time returning to sit 
position. 

Khallaf, 2020 26 ** RCT 
Egypt 

34 
M:F 17:17 
R:L unknown 
E:C 17:17 
Mean age: 58.76 ± 3.51; 56.71 ± 3.74 

Task practice  
TASK PRACTICE 

Conventional 
therapy 

Trunk Impairment scale improved 
significantly in experimental group  (p=0.001) 

Both groups improved, 
better trends in 
intervention. 

Lee et al, 201727 ** RCT 
Korea 

30 
M:F 15:15 
R:L 13:17 
E:C 15:15 
Mean age: 59.1±16.9; 64.4±14.8 
Pusher syndrome, Trunk Impairment scale<2 

Whole body vibration 
ENVIRONMENTAL 

Conventional 
therapy 

Trunk Impairment scale 
No significant difference between groups 
(p=0.76) but both groups sitting improved on 
all measures. 

Both groups improved 
significantly. 

Lee, Lee and Song, 201828 
* 

RCT 
Korea 

31 
M:F 18:12 
R:L 19:11 
E:C 16:15 
Mean age: 61.80±6.80; 61.33±8.44 
Baseline Trunk Impairment scale 6-13 

Virtual reality in sitting 
ENVIRONMENTAL 

Conventional 
therapy 

Functional reach in sitting. 
Postural balance were significantly improved 
in the experimental group when compared 
with the control (p<0.05). 

Significant improvements 
both groups, greater in 
intervention. 

Lee et al, 202029 RCT 
Taiwan 

35 
M:F 19:16 
R:L 13:22 
E:C 18:17 
Mean age: 60.2 ± 11.7; 62.4 ± 13.3 
All could sit without support >30secs 

Unstable surface trunk training  
ENVIRONMENTAL 

Upper limb + 
conventional 
therapy 

Sitting with and without foot support sway, 
Trunk impairment scale. Experimental group 
had significantly greater forward leaning 
(p=0.001), higher Trunk Impairment Scale 
total score (p=0.035) 

Significant improvements 
both groups, greater in 
intervention. 

Kumar et al, 201030 ** Pilot RCT 
India 

20 
M:F 10:10 
R:L 11:9 
E:C 10:10 
Mean age: 59.5 ± 12.09: 57.8± 13.49 
All could sit without support >30secs 

Additional trunk training 
CORE STABILITY 

Conventional 
therapy 

Trunk Impairment scale, statistical significant 
improvement in intervention group 
compared to control p<0.05. 

Both groups improved, 
statistical significance 
between groups in favour of 
intervention 

Kathikbabu et al, 201131 
** 

Pilot RCT 
India 

30 
M:F 17:13 
R:L 11:19 
E:C 15:15 
Mean age: 59.8 +/- 10.8; 55 +/-6.5 
All could sit without support >30secs 

Gym ball (unstable surface) 
ENVIRONMENTAL, CORE 
STABILITY 

Conventional 
therapy on plinth 

Trunk Impairment scale. 
Experimental group improved more 
significantly than the control group (<0.05) 

Both groups improved, 
statistically significant 
improvements in 
intervention group. 

Cabanas-Valdes et al., 
202532 *,** 

RCT 
Spain 

83 
M:F 57:30 
R:L 41:46 
E:C 40:43 
Mean age: 71.38 +/-11.6; 69.9 +/-15.2 
Baseline trunk impairment scale <10  
 

30 mins core stability exercises 
and conventional therapy 
CORE STABILITY 

Conventional 
therapy 

Trunk Impairment scale 
Significant differences between groups were 
shown (favouring intervention) in dynamic 
sitting balance (p<0.001), trunk 
coordination/function (p=0.003) 

Both groups improved, 
greater improvements in 
intervention group. 

**=studies included in primary meta-analysis, *=studies included in secondary meta-analysis 150 

Table 1: Study sitting balance intervention and comparison characteristics 151 
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Study, intervention and comparison groups 152 

Four studies18,21,30,31 were pilot randomised controlled trials (RCT), and all others were RCTs. 153 

Publications dated from 2007 to 2025, with eight from Europe17,18,19,21,22,23,25,32 and eight from the rest 154 

of the world. Intervention versus control group numbers, right compared to left strokes, gender and 155 

age (median age 60-70 years) were all approximately equally split. Lee et al27 only used participants 156 

fitting “pusher syndrome” classifications. All study participants were within three months post-stroke, 157 

with seven studies predominantly assessing under one-month post-stroke22,24,26,27,30,31,32. No studies 158 

were in the acute timeframe of under seven days post-stroke. Study duration and dose of 159 

interventions varied. Minimum dose was one extra session17, and with a maximum of 10 hours 160 

additional therapy over 6 weeks30.  Nine studies were dose-matched17,18,19, 20,25,26,27,30,32. 161 

Sitting balance interventions fitted four key categories: weight shift and reaching17,18,23,25, core stability 162 

exercise21,22,30,32, task practice19,26, and environmental modifications; which included whole body 163 

vibration27, virtual reality20,28, tilted plinth24 and an unstable surfaces29,31. Cross-over between weight 164 

shift and task practice was reported in Pollock et al 18. Comparison group treatment was conventional 165 

therapy without added treatment in eleven studies18,21,22,24-28,30,31,32, conventional therapy with added 166 

treatment in two studies19,29, and an alternate sitting balance treatment in three studies17,20,23. 167 

 168 

Study Quality 169 

The Cochrane Risk of Bias (RoB-2) tool15 was used to evaluate the 16 included studies. Nine studies 170 

showed overall low risk of bias. One study showed high risk of bias. Six studies showed some concerns. 171 

Agreement was obtained from the main reviewers in most cases: two cases required the intervention 172 

of the third reviewer. Most RoB concerns were around randomisation, measurements of outcome and 173 

the high concern was for missing data (Figure 2).  174 

 175 

 176 

 177 
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Study D1 D2 D3 D4 D5 OVERALL 

Murkel and 

Merholz, 

2014 

 

 

 

 

 

 

 

 

 

 

 

 

Pollock et al, 

2002 
      

Saeys et al, 

2012 ** 
      

Sheehy et al, 

2020 * 
      

Verheyden 

et al, 2009 

** 

      

Calbanas-

Valdes et al, 

2016 *,** 

      

Dean et al, 

2007 
      

Fujino et al, 

2016 * 
      

Howe et al, 

2005 * 
      

Khallaf, 2020 

** 
      

Lee et al, 

2017 ** 
      

Lee, Lee and 

Song, 2018 * 
 

 
  

 
  

 
 

Lee et al, 

2020 
      

Kumar et al, 

2010 ** 
      

Kathikbabu 

et al, 2011 

** 
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Cabanas-

Valdes et al, 

2025 *,** 

      

 178 

Low risk179  Some concerns  High risk  

**=studies included in primary meta-analysis, *=studies included in secondary meta-analysis 180 

ROB-2 tool domains: D1- randomisation process, D2-deviation from intended intervention, D3-missing 181 

outcome data, 4-measurement of the outcome, 5- selection of reported result. 182 

Figure 2: Risk of bias summary 183 

 184 

Quantitative synthesis of primary outcome 185 

Eight of the 15 included studies (342 participants in total; study size range 20 to 83 participants) 186 

featured in the quantitative analysis of the primary outcome. Eight studies19,21,22,26,27,30,31,32 were 187 

included in the meta-analysis of the primary outcome (sitting balance impairment) reporting total 188 

scores of the trunk impairment scale (TIS Total). All reported mean differences favoured intervention 189 

methods: six studies reported a significant effect and two reporting a non-significant effect. No studies 190 

reported an effect in favour of control treatment.  191 

The meta-analysis revealed that a synthesised estimate of the difference in mean sitting balance 192 

scores between intervention and control treatment was 3.02 (95% CI 2.19 to 3.86); i.e. favouring 193 

intervention methods. A Z-test revealed strong evidence for a non-zero effect (Z=7.09; p<0.001). A c2 194 

test for heterogeneity revealed strong evidence for statistical heterogeneity (c2
(7)=17.5; p=0.014). The 195 

I2 statistic was 60.1%, indicating moderate levels of heterogeneity. The τ2 statistic was 0.806. A 95% 196 

confidence interval for the approximate predictive distribution of a future trial was given by (0.59, 197 

5.45). The data is summarised in a forest plot (Figure 3). 198 
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 199 

Figure 3: Forest plot for primary outcome (sitting balance, Trunk Impairment Scale (TIS) total) 200 

 201 

A sensitivity analysis revealed no individual study to be exerting excessive influence on the meta-202 

analysis, with all point estimates of the omitted analyses lying within the 95% CI associated with the 203 

estimate of the combined analysis. Estimates and associated CIs are plotted on an influence plot 204 

(Figure 4). 205 

 206 

Figure 4: Influence plot for sitting balance outcome 207 
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 208 

Secondary outcome analysis 209 

Six studies20,22,24,25,28,32 were included in the meta-analysis of the secondary outcome (sitting balance 210 

function). Sitting balance functional tests included the Function in Sitting Test (FIST); the Trunk Control 211 

Test (TCT); the Lateral Reach Test and the Modified Forward Reach Test. In all these tests, higher 212 

scores represent higher levels of functionality. A meta-analysis revealed that a synthesised estimate 213 

of the standardised mean difference in scores from intervention and control treatment methods was 214 

0.162 (95% CI -0.149 to 0.473); i.e. a non-significant effect favouring intervention methods. A Z-test 215 

revealed insufficient evidence for a non-zero effect (Z=1.02; p=0.308). A c2 test for heterogeneity 216 

revealed insufficient evidence for statistical heterogeneity (c2
(5)=9.32; p=0.097). The I2 statistic was 217 

46.3%, indicating moderately low levels of heterogeneity. The τ2 statistic was 0.0679. A 95% 218 

confidence interval for the approximate predictive distribution of a future trial was given by (-0.69, 219 

1.01).  The data is summarised in a forest plot (Figure 5). 220 

 221 

Figure 5 Forest plot for sitting balance function 222 

 223 

A sensitivity analysis revealed no individual study to be exerting excessive influence on the meta-224 

analysis, with all point estimates of the omitted analyses lying within the 95% CI associated with the 225 
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estimate of the combined analysis. Estimates and associated CIs are plotted on an influence plot 226 

(Figure 6). 227 

 228 

 229 

Figure 6: Influence plot for sitting balance function 230 

Discussion   231 

This systematic review and meta-analysis found significant improvements in sitting balance 232 

impairment, and positive, albeit non-significant trends in functional sitting outcomes, following sitting 233 

balance training interventions in patients in the early sub-acute phase post-stroke. Further, we were 234 

able to identify four main categories of sitting balance intervention from the current research: weight 235 

shift and reaching, core stability, task practice, and environmental modifications.  236 

It is well-established that sitting balance is critical to participation in daily activities and is a known 237 

prognostic indicator of longer term outcomes after stroke. So, a deeper understanding of the 238 

effectiveness of sitting balance rehabilitation interventions is important. Our results show significant 239 

positive effects for interventions in sitting, compared to conventional therapy or a second treatment 240 

at a combination of non-dose21,22,30 and dose-matched19,26,27,31,32 for the primary sitting balance 241 

impairment outcome. This aligns with previous research on sitting exercises9, trunk training10 and 242 

training of sitting balance in a variety of postures33 and expands knowledge of effect in the important 243 

time-window early after stroke. 244 
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 245 

Whilst studies differed in terms of specifics of interventions involved, we were able to meet our aim 246 

of categorising sitting treatments, in order to enhance clinical understanding of content of possible 247 

interventions. However, the review did not extend to examining effectiveness of specific content of 248 

interventions- further research should now examine which rehabilitation components and in what 249 

combination, might be optimal to enhance recovery.  250 

 251 

Conventional treatments in the studies were not generally well described or consistent, detailing a 252 

variety of usual physiotherapy practice based on patient goals, muscle tone and strength 253 

improvements, range of movement exercises and task-oriented activities.  254 

 255 

The link between more optimal sitting balance with better longer-term recovery outcomes is clear in 256 

existing evidence5,6,7, but this review did not find any studies that reported outcomes beyond three 257 

months after stroke. These short-term follow-up durations of the included studies may offer some 258 

explanation for the lack of significance at sitting activity level. Expert guidelines recommend follow-259 

up of at least six months12.  260 

 261 

This systematic review and meta-analysis focussed specifically on the effectiveness of sitting balance 262 

interventions in the sub-acute stroke population. It included six studies of participants within one- 263 

month post-stroke, previously identified as an under-researched population for sitting balance 264 

interventions10. This review strengthens the evidence we have available in this clinically important 265 

time frame.  266 

 267 

Future work should focus on testing the effectiveness of the four proposed categories of sitting 268 

balance treatment, and for which patient characteristics and at what timepoints they might work 269 
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optimally. Consideration of the sensory, motor and environmental components of balance should be 270 

investigated.  271 

 272 

Strengths and limitations of this review  273 

Whether sitting balance should be classified as an impairment or activity was considered carefully for 274 

this review, but in line with expert recommendation12, impairment was agreed as the primary analysis.  275 

All studies in this review used the trunk impairment scale as their measure of sitting balance 276 

impairment, showing good consistency amongst stroke research on sitting balance impairment, and 277 

enabled use of unstandardised measures of effect in the meta-analysis. The sitting balance function 278 

outcomes were varied, but a standardised effect measures allowed for compatibility in the secondary 279 

meta-analysis. Use of the Stroke Recovery and Rehabilitation Roundtable (SRRR) balance outcome 280 

measure recommendations12 in future research should help this further. The outcomes from the 281 

sensitivity analyses gives confidence that no single study excessively influenced either outcome. Eight 282 

papers in the primary meta-analysis and six in the secondary meta-analysis (including three studies 283 

appearing both the primary and secondary meta-analyses) utilised data from 474 participants under 284 

three months post-stroke, and the majority of papers included in the MAs were judged to be at low 285 

risk of bias. 286 

 287 

Conclusions 288 

Sitting balance treatment interventions improve sitting balance impairment in people with early sub-289 

acute stroke, with demonstrable trends towards improving sitting function.  290 

 291 

Weight-shift and reaching, task practice, core stability exercises and environmental modifications 292 

were all shown to be of benefit. Consensus of the four categories should be the focus of further work. 293 

Research is lacking in the acute phase post stroke, and for patients with more severe sitting balance 294 
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impairment. Further research into patient preferences and optimisation of treatment implementation 295 

is warranted. 296 

 297 
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Appendix I: Search strategy 413 
 414 
 415 
Appendix 1: Search strategy 416 
 417 
1 "stroke".mp. or *Stroke/ or *Cerebral Infarction/  418 
2 exp Brain Injuries/ or "acquired brain injur*".mp.  419 
3 "brain h?emorrhage*".mp. or *Intracranial Hemorrhages/  420 
4 1 or 2 or 3  421 
5 exp Physical Therapy Modalities/ or "physiotherap*".mp.  422 
6 ("sitting balance training" or "sitting balance measure*").mp.  423 
7 ("seated rehabilitation" or "seated physiotherapy").mp.  424 
8 "postural control".mp. or *Postural Balance/  425 
9 4 and 5  426 
10 6 or 7 or 8  427 
11 9 and 10  428 
12 *Outcome Assessment, Health Care/ or "outcome*".mp. or *Treatment Outcome/ or 429 
*Patient Outcome Assessment/  430 
13 11 and 12  431 
14 limit 13 to ("all adult (19 plus years)" and English) 432 


