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Abstract 
BACKGROUND AND OBJECTIVE: The role of muscle rigidity as an etiological factor of falls in 

Parkinson disease (PD) is poorly understood. Our objective was to determine whether lower leg 

rigidity was differentially associated with frequent falls in PD compared to upper limb, neck, and 

total rigidity measures. METHODS: We examined associations between UPDRS-III (motor) 

rigidity subscores and history of monthly or more frequent falls in N=216 individuals with PD 

(age, 66±10 y; 36% female, disease duration, 7±5 y) with logistic regression. RESULTS: N=35 

individuals were frequent fallers. Significant associations were identified between lower limb 

rigidity and frequent falls (P=0.01) after controlling for age, sex, PD duration, total UPDRS-III 

score, and presence of FOG. No significant associations (P≥0.14) were identified for total, arm, 

or neck rigidity. CONCLUSION: Lower limb rigidity is related to frequent falls in people with PD. 

Further investigation may be warranted into how parkinsonian rigidity could cause falls. 
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Introduction 
Balance problems and falls are a major issue in Parkinson’s disease (PD).1 Recently, a group of 

PD patients, caregivers, and health professionals ranked balance problems and falls as a 

primary research priority.2 While we have some ability to identify PD patients at high risk for falls 

based on factors like fall history,3 many factors are non-modifiable, and hence have little value 

in preventing falls. Although many studies have attempted to identify associations between 

clinical and physiological measures like including UPDRS4 items and falls,3, 5, 6 rigidity is an 

understudied factor.5, 7, 8 

Parkinsonian rigidity may cause functional balance and gait impairments balance and gait,9-12 

and responds well to levodopa,9, 13-15 but its relationship to falls is unclear. Biomechanical 

simulations16 suggest that rigidity, particularly lower limb rigidity, may be an important 

contributor to falls. In simulation, increased muscle stiffness like that identified in rigid patients17 

impairs the ability to withstand perturbations to the center of body mass.16 The narrow stance 

common in PD may compensate for stiffness due to rigidity16 and related problems.18 Although 

some studies suggest a contribution of axial rigidity to balance impairments and fall risk,19, 20 

lower limb rigidity is not commonly considered as an independent risk factor.5-7  

Here, we used logistic regression to determine whether lower limb rigidity assessed on the 

UPDRS-III4 was associated with a history of monthly or more frequent falls in individuals with 

mild-moderate PD. We reasoned that lower limb rigidity would be more associated with fall 

history than upper limb or neck rigidity due to the lower limbs’ involvement in locomotion and 

static balance. We hypothesized that: 1. Lower limb rigidity scores would be associated with 

falls; 2. Upper limb, neck, and total rigidity scores would not be associated with falls. 
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Methods 
Data sources 
We used existing measures of N=216 PD patients from observational and rehabilitative studies 

we conducted from 2011–2015. Participants provided written informed consent according to 

protocols approved by the Institutional Review Boards of Emory University and the Georgia 

Institute of Technology. All participants met diagnostic criteria for PD according to either 

modified UK Brain Bank criteria21 or diagnostic criteria for “clinically definite” PD.22 Exclusion 

criteria included advanced stage dementia and inability to walk ≥3 meters with or without 

assistance. Beginning with N=220 records, 4 records were excluded due to incomplete Freezing 

of Gait questionnaire (FOG-Q)23 or UPDRS-III4 scores. 

Study variables 
Participants were classified as “Fallers” if they scored ≥2 on Gait and Falls questionnaire (GF-Q) 

item 12,23 corresponding to monthly or more frequent falls, and were classified as “Non-Fallers” 

otherwise. The primary independent variables were rigidity subscores assembled from rigidity 

items of the UPDRS-III:4 total rigidity (/20), the sum of UPDRS-III items 22a-e; lower limb sum 

(/8), the sum of items 22d-e; upper limb sum (/8), the sum of items 22b-c; and neck (/4), item 

22a. Additional demographic and clinical variables associated with falls in PD included age, 

female sex, global cognition (assessed with the Montreal Cognitive Assessment, MoCA24), 

disease duration,3, 25 and presence of freezing of gait (FOG). Participants were classified as 

freezers if they scored ≥2 on FOG-Q23 item 3, corresponding to weekly or more frequent 

freezing.  

Statistical methodology 
Differences in study variables between Fallers and Non-Fallers were assessed with t-tests and 

chi-squared tests as appropriate. Satterthwaite’s approximation was used for t-tests with 
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unequal variance as assessed with Folded F tests. Multivariate logistic regressions were 

performed to identify associations between rigidity subscores and faller status while controlling 

for age, gender, PD duration, total UPDRS-III score, and presence of FOG.25 Associations 

between rigidity subscores and fall history were expressed as Odds Ratios (OR) +/- 95% 

Confidence Intervals. To control for overall UPDRS-III score, the remainder of each UPDRS-III 

total score after subtracting rigidity items was entered as a covariate. Statistical tests were 

performed at alpha ≤ 0.05 in SAS University Edition 7.2. 

Additional analyses 

Additional analyses examined: associations between rigidity subscores for each limb and fall 

history, associations between rigidity subscores and annually or more frequent (rather than 

monthly or more frequent) falls, the impact of postural instability (UPDRS-III item 30), gait 

impairment (UPDRS-III item 29), overall cognition (MoCA score), and medication state during 

examination on associations between rigidity subscores and fall history (S1 File). 

Results 
Demographic and clinical characteristics are presented in Table 1. Among the study sample, 

35/216 (16%) fell monthly or more often. Consistent with previous results,3, 25 compared to Non-

Fallers, Fallers had longer disease duration (P<0.01) and worse performance on UPDRS-III 

(P<<0.01), GF-Q (P<<0.01) and FOG-Q (P<<0.01). Among Fallers, prevalence of FOG and 

female sex were also increased by ≈3 times (P<<0.01) and ≈1.5 times (P=0.04), respectively. 

No significant differences were observed in age, global cognition (MoCA), education, or age at  

PD onset. 

Univariate analyses demonstrated that rigidity subscores for the lower limbs were significantly 

higher in Fallers (P value range: 0.004–0.025). In contrast, no statistically-significant differences 
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were found for upper limb (P value range: 0.193–0.245) or neck (P=0.085) rigidity scores (Fig 

1A). 

Multivariate logistic regression models identified significant associations between lower limb 

rigidity and fall history (P=0.014; Fig 1B), but no significant associations for total (P=0.289), arm 

(P=0.135), or neck rigidity (P=0.991) after controlling for age, gender, PD duration, total 

UPDRS-III score, and presence of FOG. In these models, a total lower limb rigidity score of 2 

(the 75th percentile score in the sample) was associated with an odds ratio for monthly or more 

frequent falls of 2.6 (95% CI: 1.2–5.6), and a total score of 6 (the maximum score in the study 

sample), was associated with an odds ratio of 17.7 (1.8–175.7). Consistent with the literature,3, 

25 logistic regression models also identified significant associations between female sex (Odds 

Ratio [95% CI] 3.2 [1.3–8.1], P=0.013), FOG (7.2 [2.9–17.9]; P<<0.01), disease duration (1.1 

[1.0–1.2]; P=0.022), and total UPDRS score (1.1 [1.0–1.2]; P=0.003) and fall history.  

Additional analyses 
Associations between lower limb rigidity and history of frequent falls were largely unaltered in 

additional analyses (S1 File) that stratified participants by medication state during examination, 

or that controlled for the presence of postural instability (UPDRS item 305), gait impairment 

(UPDRS item 29), or reduced cognition (MoCA score). These models yielded OR very similar to 

those identified in the main model, with changes in lower limb rigidity OR of -4.3%, +3.7%, -

8.1%, and +4.3%, respectively. When a less stringent definition of fall history (annual or more 

frequent rather than monthly or more frequent falls) was used, associations between lower limb 

rigidity and fall history were significantly reduced in magnitude (-21.7%), suggesting that lower 

limb rigidity is associated primarily with frequent falls. Models that included separate rigidity 

scores from each limb identified a strong association between rigidity on the more rigid side and 

history of frequent falls (OR increase of +23.6%). 
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Discussion 
To our knowledge, this is the first study to demonstrate an association between lower limb 

rigidity and falls in PD. We found that lower limb rigidity, unlike upper limb or neck rigidity, was 

associated with history of monthly or more frequent falls, even after controlling for common risk 

factors including age, sex, total UPDRS-III, PD duration, and presence of FOG. Additional 

analyses confirmed that the identified associations between lower limb rigidity and falls were not 

confounded by coexisting postural instability, gait impairment, or cognitive impairment in lower 

limb-rigid patients, as explicitly controlling for these factors altered odds ratios only minimally. 

These results suggest that understanding and treating rigidity may be important in reducing fall 

risk. 

In addition to common features on exam that raise concerns to neurologists that falls may be 

impending for a patient, such as FOG, postural instability, and axial rigidity,5, 6 lower limb rigidity 

may be a clinically observable and potentially modifiable parkinsonian feature associated with 

falls. Notably, lower limb rigidity may be important to consider independent of axial rigidity,9-11, 20, 

26 which is measured with specialized equipment9, 11 uncommon in clinical use. Although 

appendicular and axial rigidity are often thought of as having a common etiology, these signs 

likely reflect distinct underlying pathophysiology, and respond differently to dopaminergic drugs 

such as levodopa9, 13, 15, 27 and apomorphine.14  

How might lower limb rigidity contribute to falls? Although abnormal deep tendon reflexes are 

not a key parkinsonian feature,28 rigid patients exhibit increased long latency electromyographic 

responses to passive joint movements,29, 30 and possibly increased tonic muscle activity,31 both 

of which may increase joint stiffness. A previous simulation study of standing balance16 

demonstrated that as the stiffness of the hip joints are increased beyond a certain amount, the 

neuro-musculoskeletal system becomes increasingly unstable due to response delays. This 
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makes it increasingly more difficult to maintain balance without stepping during perturbations. 

The implication is that a person with lower limb rigidity may have decreased ability to control the 

center of mass with the feet in place, requiring frequent steps to maintain balance. We 

hypothesize that because anticipatory postural adjustments32, 33 and stepping reaction time and 

accuracy are impaired in PD,34 lower limb rigidity could therefore cause falls. However, the 

underlying biomechanical and physiological mechanisms of rigidity remain unclear. 

The primary limitation of this study is that fall history was taken via self-report. To limit this we 

used a stringent criterion to identify Fallers – monthly or more frequent falls. We found that the 

association between lower limb rigidity and falls was significantly attenuated in logistic 

regression models using a less stringent criterion. Based on this, we speculate that lower limb 

rigidity may be uniquely related with very frequent falls in PD; however, prospective studies are 

required to confirm this. If prospective studies demonstrate that lower limb rigidity is associated 

with future falls, patients with this sign could potentially be referred to interventions to reduce 

risk.35-40  

Although many studies have attempted to identify associations between clinical and 

physiological assessments and fall risk;3, 5, 6 lower limb rigidity is an understudied risk factor.5, 7 

This may be due in part to one impactful early study6 that found no association between the 

combined presence of lower limb / neck rigidity and fall risk, suggesting that combining these 

sources of rigidity may distort associations with falls. These results suggest that prospective 

studies of the relationships between rigidity and fall risk in PD could provide new information. 
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Tables and Figure Legends 
 
 
 
Table 1. Demographic and clinical features of the study population overall and stratified 
on presence of previous monthly falls. 
Characteristic All Participants 

N=216 
Non-Fallers 

N=181 
Fallers 
N=35 

P value 

Age, y 65.7±9.7 65.5±9.6 67.1±10.3 0.35 
Sex     
  Female 78 (36) 60 (33) 18 (52) 0.04 
  Male 138 (64) 121 (67) 17 (48)  
MoCA (/30) 24.7 ± 3.6a 24.8 ± 3.6b 24.2 ± 4.0c 0.37 
Education, y 16.1 ± 2.2d 16.1 ± 2.3e 16.2 ± 1.7 0.92 
Disease duration, y 7.4 ± 4.5 6.9 ± 4.1 9.9 ± 5.7 <0.01 
Age at onset, y 58.3 ± 10.6 58.6 ± 10.1 57.3 ± 12.9 0.58 
UPDRS-III score (/108) 22.0 ± 10.0 20.6 ± 9.2 29.5 ± 10.5 <<0.01 
FOG-Q Total 4.5 ± 4.6 3.5 ± 3.9 9.6 ± 4.9 <<0.01 
FOG-GF Total 8.6 ± 9.0 6.1 ± 6.2 21.1 ± 10.9 <<0.01 
Freezing of Gait     
  Freezer 59 (27) 35 (19) 24 (69) <<0.01 
  Nonfreezer 157 (73) 146 (81) 11 (31)  

Abbreviations: PD, Parkinson’s disease; MoCA, Montreal Cognitive Assessment; UPDRS-III, 

Unified Parkinson’s Disease Rating Scale, Part III: Motor Exam; FOG-Q, Freezing of Gait 

Questionnaire; FOG-GF, Gait and Falls Questionnaire. aN=194. bN=163. cN=31. dN=215. 

eN=180. Values are shown as either mean ± SD or N (%). P values reflect univariate tests of 

central tendency (t-tests or chi-squared tests) between Fallers and Non-Fallers. 

 

Figure 1. Associations between rigidity and falls. A) Differences in rigidity subscores 

between PD patients with and without history of monthly or more frequent falls. B) Associations 

between rigidity subscores and fall history (expressed as odds ratios [OR]±95%CI) after 

adjusting for age, sex, total UPDRS-III, PD duration, and presence of FOG. 
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Supplemental Material 
Associations between individual limb rigidity scores and 
monthly or more frequent falls 
In addition to the primary rigidity subscores discussed in the main text, secondary analyses 

considered additional rigidity subscores calculated for individual limbs as follows: lower limb 

lesser (/4), the lesser of UPDRS-III4 items 22d-e; lower limb greater (/4), the greater of items 

22d-e; upper limb lesser (/4), the lesser of items 22b-c; and, upper limb greater (/4), the greater 

of items 22b-c. 

As in the main text, multivariate logistic regressions were performed to identify associations 

between secondary rigidity subscores and faller status while controlling for age, gender, PD 

duration, total UPDRS-III score, and presence of FOG.25 Associations between rigidity 

subscores and fall history were expressed as Odds Ratios (OR) +/- 95% Confidence Intervals. 

In order to control for overall UPDRS-III score, the remainder of each UPDRS-III total score 

after subtracting the rigidity subscore of interest was entered as a covariate into logistic 

regression analyses. Prior to entry into multivariate analyses, age and disease duration were 

converted into z-scores. 

Multivariate logistic regression results using individual limb rigidity subscores indicated that the 

association between lower limb rigidity and fall history described in the main text is primarily 

driven by a strong association between rigidity on the more affected side and falls. When 

individual limb rigidity scores were entered into models, we found that rigidity in each of the 

lower limbs – both the lesser and more affected sides – were positively associated with fall 

history, although the identified associations were no longer statistically significant (Table S2). In 

particular, the magnitude of association for the more affected side was increased (24%), 

whereas the magnitude of association for the less affected side was reduced (23%). This 
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demonstrates that rigidity in the less-affected limb is much less strongly associated with fall 

history. Changes in associations among the upper limbs were minimal (2.8%).  

 
 
Table S1. Rigidity subscores assembled from sub-items of the UPDRS-III motor scale, overall 
and stratified on presence of previous monthly falls. 
Rigidity Subscore All Participants 

(N=216) 
Non-Fallers 

(N=181) 
Fallers 
(N=35) 

P value 

Total rigidity (/20) 3.7 ± 3.0 3.5 ± 2.8 5.0 ± 3.8 0.03 
Lower limb sum (/8) 0.9 ± 1.4 0.7 ± 1.2 1.7 ± 1.9 <0.01 
Lower limb lesser (/4) 0.3 ± 0.6 0.3 ± 0.5 0.7 ± 0.9 0.03 
Lower limb greater (/4) 0.6 ± 0.8 0.5 ± 0.7 1.0 ± 1.0 <0.01 
Upper limb sum (/8) 1.9 ± 1.4 1.8 ± 1.4 2.1 ± 1.6 0.19 
Upper limb lesser (/4) 0.7 ± 0.7 0.6 ± 0.7 0.8 ± 0.8 0.25 
Upper limb greater (/4) 1.2 ± 0.8 1.2 ± 0.8 1.3 ± 0.9 0.22 
Neck (/4) 1.0 ± 0.8 0.9 ± 0.8 1.2 ± 0.9 0.09 

P values reflect univariate tests of central tendency (t-tests or chi-squared tests) between 
Fallers and Non-Fallers. 
 
 
 
Table S2. Odds ratios (OR) describing associations between individual limb rigidity subscores 
and fall history in the study sample. 
Rigidity Subscore OR 95% CI P value Change from main model 
Lower limb lesser 1.24 0.38–4.03 0.73 -23.0% 
Lower limb greater 1.99 0.75–5.28 0.17 +23.6% 
Upper limb lesser 0.70 0.27–1.81 0.46 -1.4% 
Upper limb greater 0.74 0.31–1.72 0.48 +4.2% 

P values reflect logistic regressions controlling for age, sex, total UPDRS-III, PD duration, 
and presence of FOG. 
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Associations between rigidity and less frequent falls 
In addition to the associations with frequent falls discussed in the main text, additional analyses 

considered associations between rigidity subscores and less frequent falls. For these analyses, 

participants were classified as “Fallers” if they scored ≥1 on item 12 of the gait and falls 

questionnaire (GF-Q),23 “How often do you fall?” corresponding to annual or more frequent falls, 

and as Non-Fallers otherwise. Multivariate logistic regressions were performed to identify 

associations between rigidity subscores and faller status while controlling for age, sex, total 

UPDRS-III, PD duration, and presence of FOG as discussed in the main text. 

Among the study sample, 93/216 (43%) fell annually or more often. Multivariate logistic 

regression results of the model with history of annual or more frequent falls as the outcome 

(rather than history of monthly or more frequent falls) indicated that the association between 

lower limb rigidity and fall history described in the main text only holds for frequent falls. 

Multivariate logistic regression results (Table S3) demonstrated that the association between 

lower limb rigidity and history of annual or more frequent falls was significantly attenuated (-

21.7%) from that of the main model, and was no longer statistically significant (P=0.119). 

Changes in associations between other rigidity subscores and fall history were also substantial 

(11-26%).  

Consistent with the literature,3, 25 these logistic regression models also identified significant 

effects of female sex (Odds Ratio [95% CI] 2.1 [1.1–4.1], P=0.031), FOG (2.5 [1.2–5.1]; 

P=0.016), disease duration (1.1 [1.0–1.2]; P=0.021), and total UPDRS score (1.1 [1.1–1.2]; 

P=0.021). 
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Table S3. Odds ratios (OR) describing associations between rigidity subscores and history of 
annual or more frequent falls in the study sample. 
Rigidity Subscore OR 95% CI P value Change from main model 
Total rigidity 0.97 0.85–1.10 0.62 -11.0% 
Lower limb sum 1.26 0.94–1.69 0.12 -21.7% 
Upper limb sum 0.82 0.60–1.12 0.21 +15.5% 
Neck 0.74 0.47–1.17 0.74 -26.0% 

P values reflect logistic regressions controlling for age, sex, total UPDRS-III, PD duration, 
and presence of FOG. 
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Associations between rigidity and fall history while 
controlling for the presence of postural instability 
To test whether associations between rigidity and fall history described in primary models were 

affected by the presence of postural instability (UPDRS-III item 30, the “retropulsion test”), 

additional multivariate logistic regression models were calculated that controlled for this variable 

as well as for age, gender, PD duration, total UPDRS-III score, and presence of FOG.25 

UPDRS-III item 30 was dichotomized as ≥2 or <2, as used in a prospective study of frequent 

falls in PD5 and entered as a dichotomous predictor variable. Among the study sample, 14/216 

(6%) exhibited postural instability as defined above. 

Multivariate logistic regression results of the further adjusted model indicated that the 

associations between rigidity subscores and fall history described in the main text hold when 

controlling for the presence of postural instability. Numerical results (Table S4) were essentially 

unchanged from those of the main model, with average changes in identified OR of 1.2%, 

including a slight strengthening (+3.7%) for the association between lower limb rigidity and fall 

history. 

 
Table S4. Odds ratios (OR) describing associations between rigidity subscores and history of 
monthly or more frequent falls in the study sample, further adjusted for presence of Postural 
Instability (UPDRS-III item 30 ≥2). 
Rigidity Subscore OR 95% CI P value Change from main model 
Total rigidity 1.10 0.94–1.29 0.24 +0.9% 
Lower limb sum 1.67 1.13–2.47 <0.01 +3.7% 
Upper limb sum 0.70 0.45–1.09 0.12 -1.0% 
Neck 1.01 0.55–1.89 0.96 +1.0% 

P values reflect logistic regressions controlling for age, sex, total UPDRS-III, PD duration, 
presence of FOG, and presence of Postural Instability. 
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Associations between rigidity and fall history while 
controlling for the presence of impaired gait 
To test whether associations between rigidity and fall history described in primary models were 

affected by the presence of impaired gait (UPDRS-III item 29), additional multivariate logistic 

regression models were calculated that controlled for this variable as well as for age, gender, 

PD duration, total UPDRS-III score, and presence of FOG.25 UPDRS-III item 29 was 

dichotomized as ≥2 or <2 and entered as a dichotomous predictor variable. Among the study 

sample, 32/216 (15%) exhibited impaired gait as defined above. 

Multivariate logistic regression results of the further adjusted model indicated that the 

associations between rigidity subscores and fall history described in the main text hold when 

controlling for the presence of gait impairment. Numerical results (Table S5) were essentially 

unchanged from those of the main model, with average changes in identified OR of 1.0%, 

including a slight reduction (-8.1%) for the association between lower limb rigidity and fall 

history. We note that the association between lower limb rigidity and fall history was reduced to 

borderline statistical significance (P=0.060) when this control was added. 

 
Table S5. Odds ratios (OR) describing associations between rigidity subscores and history of 
monthly or more frequent falls in the study sample, further adjusted for presence of impaired 
gait (UPDRS-III item 29 ≥2). 
Rigidity Subscore OR 95% CI P value Change from main model 
Total rigidity 1.09 0.92–1.28 0.31 +0.0% 
Lower limb sum 1.48 0.98–2.23 0.06 -8.1% 
Upper limb sum 0.81 0.51–1.84 0.12 +14.1% 
Neck 0.97 0.55–1.89 0.96 -3.0% 

P values reflect logistic regressions controlling for age, sex, total UPDRS-III, PD duration, 
presence of FOG, and presence of impaired gait. 
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Associations between rigidity and fall history while 
controlling for overall cognition 
To test whether associations between rigidity and fall history described in primary models were 

affected by the presence of reduced overall cognition, additional multivariate logistic regression 

models were calculated that controlled for MoCA score as well as for age, gender, PD duration, 

total UPDRS-III score, and presence of FOG25 using the subset of cases (N=194) for whom 

MoCA scores were available. MoCA score was dichotomized around the sample median as ≥25 

or <25 and entered as a dichotomous predictor variable. Among cases for whom MoCA scores 

were available (N=194), 86 (44%) exhibited reduced overall cognition as defined above. 

Multivariate logistic regression results of the further adjusted model indicated that the 

associations between rigidity subscores and fall history described in the main text hold when 

controlling for the presence of reduced overall cognition. Numerical results for total, lower limb, 

and neck rigidity (Table S6) were essentially unchanged from those of the main model, with 

average changes in identified OR of 0.7%, including a slight increase (+4.3%) for the 

association between lower limb rigidity and fall history. The inclusion of MoCA as a covariate 

substantially impacted the association between neck rigidity and fall history (-20.6% change), 

which may indicate some interaction between neck rigidity and cognition as risk factors for falls. 

 
Table S6. Odds ratios (OR) describing associations between rigidity subscores and history of 
monthly or more frequent falls in the study sample, further adjusted for presence of impaired 
gait (UPDRS-III item 29 ≥2). 
Rigidity Subscore OR 95% CI P value Change from main model 
Total rigidity 1.07 0.91–1.26 0.43 -2.0% 
Lower limb sum 1.68 1.13–2.52 0.01 +4.3% 
Upper limb sum 0.71 0.43–1.17 0.18 -0.3% 
Neck 0.79 0.38–1.68 0.55 -20.6% 

P values reflect logistic regressions controlling for age, sex, total UPDRS-III, PD duration, 
presence of FOG, and dichotomized MoCA score. 
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Effect of medication state during exam on associations 
between rigidity and fall history 
Additional analyses considered whether medication state at testing (ON vs. OFF medications) 

affected associations between rigidity subscores and fall history. Among the 212/216 patients 

for whom medication information was available, 131 were taking carbidopa/levodopa (37 as 

monotherapy); 88, 50, 31, and 31 were taking dopamine agonists, MAO-B inhibitors, COMT 

inhibitors, and amantadine, respectively. Although the majority of participants (197/216) were 

ON medications during UPDRS assessments, some who were prescribed antiparkinsonian 

medications (19/216) were assessed in the practically-defined 12-hour OFF state according to 

the protocol of the study in which they participated. 

In order to assess whether medication state affected the main study results, additional 

multivariate logistic regression analyses were performed considering only those patients in the 

ON medication state during testing. Changes in identified OR between rigidity subscores and 

fall history from those calculated in the main model were compared qualitatively. Because of the 

small number of patients in the OFF state, multivariate logistic regressions were inappropriate 

among these participants.  

Multivariate logistic regression results considering only those patients assessed in the ON 

medication state indicated that the associations between rigidity subscores and fall history 

described in the main text hold when limited to the ON state typically observed clinically. In 

particular, the association between leg rigidity and fall history was only slightly attenuated (-

4.3%) and remained statistically significant (P=0.045) at the reduced sample size (Table S7). 

We noted that the association between neck rigidity and fall history was increased (+22%), 

although confidence intervals were wide (P=0.57). This suggests a trend towards an association 

between ON medications neck rigidity and falls. 
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Table S7. Odds ratios (OR) describing associations between rigidity subscores and history of 
monthly or more frequent falls among those in the study sample assessed in the ON medication 
state. 
Rigidity Subscore OR 95% CI P value Change from main model 
Total rigidity 1.09 0.91–1.30 0.36 +0.0% 
Lower limb sum 1.54 1.01–2.36 <0.05 -4.3% 
Upper limb sum 0.70 0.43–1.13 0.14 -1.4% 
Neck 1.22 0.62–2.37 0.57 +22.0% 

P values reflect logistic regressions controlling for age, sex, total UPDRS-III, PD duration, 
and presence of FOG. 
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