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Abstract

Objective.—To explore associations of joint hypermobility (a condition where range of motion is 

greater than normal) with ankle and foot radiographic osteoarthritis and symptoms in a large 

community-based cohort of African American and Caucasian adults 55–94 years old.

Methods.—Ankle and foot radiographs and joint hypermobility data (Beighton Criteria) were 

available for 848 participants (2003–2010) in this cross-sectional study. General joint 

hypermobility was defined as a Beighton score ≥4 (range 0–9); knee hypermobility was defined as 

hyperextension of at least one knee. Standing anteroposterior and lateral foot radiographs were 

read with standard atlases for Kellgren-Lawrence grade, osteophytes and joint space narrowing at 

the tibiotalar joint and for osteophytes and joint space narrowing to define osteoarthritis at five 
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foot joints. Ankle or foot symptoms were self-reported. Separate person-based logistic regression 

models were used to estimate associations of ankle and foot osteoarthritis and symptom outcomes 

with hypermobility measures, adjusting for age, sex, race, body mass index, and history of ankle/

foot injury.

Results.—This sample was: 68% women and 33% African American; mean age=71 years; mean 

body mass index=31 kg/m2; general joint hypermobility=7%, knee hypermobility=4%; ankle 

injury=11.5%, foot injury=3.8%. Although general joint hypermobility was not associated with 

ankle and foot outcomes, knee hypermobility was associated with ankle symptoms, foot 

symptoms, and talonavicular osteoarthritis (adjusted odds ratios of 4.4, 2.4, and 3.0, respectively).

Conclusions.—Knee joint hypermobility may be related to talonavicular osteoarthritis and to 

ankle and foot symptoms.
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Joint hypermobility is a condition in which the range of motion is greater than normal at 

most joints. The Beighton scoring system is the most commonly used measure for assessing 

joint hypermobility in clinical and research settings. This 9 point test assesses hypermobility 

of the trunk (forward bending with straight knees) and bilaterally of the first and fifth 

fingers, elbows, and knees (1). Typically, a cutoff point of 4 is used to define general joint 

hypermobility. Joint hypermobility is common in youth and is a lifelong condition, but its 

frequency in the population declines with older age due to the common joint stiffening that 

occurs with aging (2, 3). Prevalence of joint hypermobility is estimated between 2 and 57%, 

depending on the criteria used and the population studied (4–8). Joint hypermobility is more 

frequent among women than men (8), may differ by race (8, 9), and is linked to obesity (10) 

and joint injury (11, 12).

Key risk factors for osteoarthritis (OA), the most common form of arthritis and a leading 

cause of disability (13), include older age, female sex, obesity, and joint injury, which are 

similar risk factors to those seen in joint hypermobility. Of the lower body joints, most 

community-based OA studies have examined the knee and hip, and less is known about OA 

of the ankle and foot and their risk factors. In the first community-based cohort study of 

older African American and white men and women (14), we demonstrated associations of 

older age, obesity, prior injury, and ankle symptoms (i.e., pain, aching, and stiffness) with 

radiographic ankle OA, but the relationship of joint hypermobility with ankle OA or 

symptoms was not investigated. No prior published cohort study has examined the 

association of joint hypermobility with foot OA or foot or ankle symptoms.

In clinical settings, joint hypermobility appears to be associated with OA, but evidence from 

larger cohort studies does not readily support this observation (15–19). Among these few 

published cross-sectional cohort studies, associations of joint hypermobility and OA vary. 

For the hand, positive associations between metacarpophalangeal joint hypermobility and 

first carpometacarpal joint OA were reported in a population-based study of older adults in 

Reykjavik, Iceland (N=384) (17), while inverse associations were noted of general joint 
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hypermobility and hand OA in a cohort of sibling pairs from the United States and United 

Kingdom (UK; N=1043)) and in an extended family of African American and American 

Indian descent (from a single founder born in the 1700s; N=280) (18). In the same extended 

family, general joint hypermobility was inversely associated with knee OA (15), yet a 

positive association was observed among 100 women 50+ years old in a clinical population 

in the UK (19). No apparent associations were seen between general joint hypermobility and 

lumbar or thoracic spine OA in a study of 716 older Caucasian women in a community study 

in the UK (16). This lack of agreement may be due in part to differences in joint 

hypermobility definitions used in these studies, but also may suggest differences in the 

association of hypermobility and OA outcomes by joint site, as well as differences in the 

samples. Potentially, joint sites that are vulnerable to the biomechanical impact of joint 

hypermobility, such as weight-bearing joints of the foot or ankle, might contribute to poorer 

joint health. A study of 112 female soccer players demonstrated that joint hypermobility was 

associated with greater midfoot loading attributed to medial foot collapse, a condition that is 

linked to joint injuries (20). Furthermore, hypermobility of the knee is associated with 

altered neuromuscular strategies during walking, which may affect multiple joints along the 

kinetic chain including the ankle and foot (21).

The purpose of this study was to explore the associations of joint hypermobility with ankle 

and foot OA and symptoms in a large community-based cohort. Our primary hypermobility 

measure was general joint hypermobility, based on the commonly used Beighton score of at 

least 4. We also chose to examine knee hypermobility (the ability to complete the knee 

maneuver on the Beighton criteria in at least one knee) for two reasons: 1) the 

biomechanical connection of the knee with the ankle-foot complex, as supported by the 

altered lower body joint moments observed with knee hypermobility (21) and the poorer 

ankle joint health among knees with poor joint health (22, 23); and 2) the possibility that 

older adults with general joint hypermobility may be less likely to achieve at least four 

Beighton maneuvers due to joint stiffness with aging. We hypothesized that joint 

hypermobility (general and knee) would be associated with foot and ankle OA and 

symptoms.

MATERIALS AND METHODS

Study Participants.

The Johnston County Osteoarthritis Project is a prospective, ongoing, community-based 

study of OA and OA risk factors that began in 1991 (24). Participants included in this cohort 

are African American and Caucasian men and women 45+ years old residing in one of six 

townships in Johnston County, North Carolina for at least one year. Baseline data were 

collected from 1991–1997 for the original cohort (N=3187) and from 1999–2003 for the 

enrichment cohort (N=1015), and follow-up visits of these cohorts were completed 

approximately every 5 years. Measurement of joint hypermobility (Beighton Criteria) was 

conducted during the 2003–2004 and 2006–2010 clinical exams, but not during the 2013–

2015 exam. Radiographs of the feet and ankles were first collected in Johnston County 

Osteoarthritis Project during 2013–215. Radiographic, joint symptoms, and participant 

characteristics data collected during the 2013–2015 study visit for 907 individuals were used 

Golightly et al. Page 3

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in the present analyses (Figure 1), at which time participants had aged to be at least 55 years 

old. For the duration of the project, the Johnston County Osteoarthritis Project has been 

continuously approved by the Institutional Review Boards of the University of North 

Carolina at Chapel Hill and the Centers for Disease Control and Prevention.

Joint Hypermobility.

The Beighton scoring system for hypermobility was used during the 2003–2004 and 2006–

2010 clinical exams in the Johnston County Osteoarthritis Project. The Beighton criteria 

have demonstrated high intra-rater and inter-rater reliability (Spearman r = 0.81–0.86 and 

0.75–0.87, respectively) among women 15–45 years old (25) and a high intra-class 

correlation of 0.91 among 20 patients with benign joint hypermobility syndrome or Ehlers-

Danlos compared to 20 controls (26). The Beighton criteria determine the ability to 

complete nine maneuvers: passive dorsiflexion right/left fifth finger ≥ 90 degrees, passive 

apposition right/left thumbs to forearm, right/left elbow hyperextension ≥10 degrees, passive 

right and left knee hyperextension ≥10 degrees, and palms on floor during forward trunk 

flexion with knees extended (1). As described by Beighton et al, one point is assigned for 

each completed maneuver (total score: 0 [unable to perform any maneuver] to 9 [performed 

all maneuvers]). Two examiners were trained by an expert in musculoskeletal assessment to 

conduct each of the Beighton maneuvers; inter-rater reliability was high (κ>0.80) (27).

General joint hypermobility was defined as a Beighton score ≥4. Additionally, knee 

hypermobility, based on the ability to complete the knee maneuver in at least one knee, was 

examined specifically because of the biomechanical association of the knee with the ankle 

and foot.

Ankle OA.

Ankle images in the Johnston County Osteoarthritis Project included standardized mortise 

and lateral views in standing during 2013–2015. Using an atlas (28), radiographs were read 

by an expert musculoskeletal radiologist (JBR, intra-rater reliability kappa 0.91) for 

Kellgren-Lawrence grade (KLG), osteophyte (OST, grade 0–3), and joint space narrowing 

(JSN, grade 0–3) grades of the tibiotalar joints. In this atlas, the KLGs were slightly 

modified: 0 was selected for no radiographic findings of OA, 1 indicated “minute 

osteophytes of doubtful clinical significance”; 2 was selected when definite osteophytes and 

mild joint space narrowing were present; 3 was designated for definite osteophytes and 

moderate joint space narrowing; and 4 indicated both definite osteophytes and severe joint 

space narrowing. For the present analyses, ankle (tibiotalar joint) radiographic OA (rOA) 

was defined as a KLG ≥ 2 (28). Radiographic features of OA were examined separately for 

OST (grade ≥1 versus 0) and JSN (grade ≥1 versus 0) (29).

Foot OA.

During 2013–2015, standing anteroposterior and lateral foot x-rays were read with the 

LaTrobe atlas for foot rOA (30) to measure OST (0–3) and JSN (0–3) at five joint sites: first 

metatarsophalangeal, first cuneo-metatarsal, second cuneo-metatarsal, navicular-first 

cuneiform, and talonavicular. A joint with a score ≥2 OST or ≥2 JSN was considered rOA 
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(30). According to the LaTrobe atlas, foot rOA was defined as ≥1 joint with rOA within the 

same foot.

Ankle and Foot Symptoms.

Presence of symptoms consistent with OA was asked separately for each ankle and foot 

during the 2013–2015 follow-up visit with the question: “On most days of any one month in 

the last 12 months did you have pain, aching or stiffness in your left/right ankle/foot?” [yes / 

no]. This question is supported for OA pain at other joint sites (knee and hip) (31) and 

considers the chronic pain experience and the fluctuations in symptom intensity over the 

course of a year. Symptoms were categorized as present separately for each foot and ankle 

based on an affirmative response to the above question. Additionally, the presence of 

ipsilateral symptoms and rOA were examined for both the ankle (ankle symptoms + ankle 

KLG≥2, along with an alternative definition of ankle symptoms + ankle OST) and foot (foot 

symptoms + foot rOA).

Demographic and Clinical Characteristics.

Potential confounders included self-reported sex (men/women), self-reported race (African 

American/Caucasian), age (in years, continuous), BMI (kg/m2, continuous, calculated from 

clinic measures of weight and height), and self-reported history of ankle/foot injury, which 

were collected during the 2013–2015 follow-up visit. History of injury was asked separately 

for each ankle and foot and was considered present based on an affirmative response to the 

question, “Have you ever injured your (right/left) (ankle/foot) badly enough that it limited 

your ability to walk for at least 2 days?”

Analysis.

Participants with complete radiographic and Beighton data were included in analyses 

(Figure 1). Chi-square statistics for categorical variables and t-tests for continuous variables 

were used to compare demographic and clinical characteristics (sex, race, age, BMI, injury) 

by hypermobility status. Separate logistic regression person-based models were used to 

estimate associations of hypermobility (general and knee) with each ankle (KLG, OST, JSN, 

symptoms, symptoms + KLG) and foot outcome (rOA, symptoms, symptoms + rOA), 

adjusting for covariates of sex, race, age, body mass index (BMI), and history of injury at 

the joint site. Pairwise interactions between hypermobility and each covariate were 

examined at the 0.10 significance level.

RESULTS

Study Participants.

Of the 908 participants who attended a clinic visit during 2012–2105, 864 participants had 

complete ankle and foot radiographs. Of those, 848 had Beighton (joint hypermobility) data 

collected during 2003–2010. Those able to participate in the 2012–2015 clinic visit with 

available Beighton data were generally similar to non-participants in this analytic sample in 

regard to sex, race, and BMI, but were typically younger at their baseline visit (56 versus 62 

years old) and were more likely to have completed high school (85% versus 58%). Primary 
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reasons for not participating included death, moving outside of the study area, or being 

physically or mentally unable to participate.

Of the 848 participants available for these analyses, 68% were women and 33% were 

African American with a mean age of 71.2 years (standard deviation [SD] 7.6) and mean 

BMI 30.9 kg/m2 (SD 6.4; Table 1). Over 11% reported a history of an ankle injury, and 3.8% 

reported a history of a foot injury. General joint hypermobility was present in 59 participants 

(7%) and was most common among those <55 years (12.1%); 4.0% of participants had knee 

hypermobility in at least one knee. Ankle OST was defined in 74.7% of participants while 

6.6% had an ankle KLG≥2, and 7.5% had ankle JSN. Foot rOA was present among 22.3% of 

participants; the first metatarsophalangeal joint was the most common site for rOA (10.4%) 

of the five foot joint sites. Ankle and foot symptoms were present in 17.2% and 20.8% of 

participants, respectively. The combination of ankle symptoms + KLG≥2 was rare (2.1%); 

14.2% had ankle symptoms + OST and 5.4% had foot symptoms + rOA.

General Joint Hypermobility.

Overall, associations of general joint hypermobility and ankle and foot outcomes were not 

statistically significant (Table 2). No association was observed for foot rOA with general 

joint hypermobility (adjusted odds ratio [aOR] 1.08, 95% confidence interval [CI] 0.55, 

2.12), There were no statistically significant interactions for general joint hypermobility with 

any covariate.

Knee Hypermobility.

The adjusted odds of ankle symptoms, ankle symptoms + KLG≥2, and ankle symptoms + 

OST were statistically significantly increased (aORs 4.41–5.34) in association with knee 

hypermobility (Table 2). Compared to those without knee hypermobility, the adjusted odds 

of talonavicular rOA and of foot symptoms indicated statistically significantly increased 

(aORs 3.0 and 2.4, respectively) associations with knee hypermobility. No associations were 

noted for foot rOA nor first metatarsophalangeal rOA with knee hypermobility. No 

statistically significant interactions for knee hypermobility with sex, race, age, BMI, or 

injury were observed.

DISCUSSION

The results of this cross-sectional study demonstrated that the relationships of joint 

hypermobility with OA and symptoms outcomes at the ankle and foot vary by joint site. 

Notably, ankle symptoms, ankle symptoms + ankle rOA, foot symptoms, and talonavicular 

rOA were strongly associated with knee hypermobility. The foot rOA definition that 

considered rOA at five joint sites of the foot was not associated with general joint 

hypermobility nor knee hypermobility based on the Beighton criteria. Associations of 

general joint hypermobility and ankle outcomes were not statistically significant.

Although general joint hypermobility has been considered a risk factor for increased 

musculoskeletal pain (2), we did not find any objective evidence for an association between 

general joint hypermobility and ankle or foot symptoms. This differs from findings for a 

large cohort of 2,901 adolescents, which reported an 82% higher odds of ankle/foot pain 
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among individuals with general joint hypermobility vs. those without hypermobility (10), 

but was consistent with our results of an association of knee hypermobility and ankle and 

foot symptoms. This is interesting considering that a hypermobile joint may have altered 

biomechanics, and this joint, along with other joints in the kinetic chain, may become 

overloaded during repetitive motions occurring with daily or occupational activities (5). The 

joints may thus experience microtrauma resulting in increased joint pain (5). With knee 

hypermobility specifically, the reduced stability of the knee may contribute to malalignment 

of the knee, along with other lower body joints, altering knee joint loads and contributing to 

joint pain. In fact, both radiographic knee OA and knee malalignment have been associated 

with bone scintigraphic abnormalities of the contralateral ankle (associated with ankle joint 

symptoms) and forefoot (22). These data, taken together with our findings, suggest that 

therapeutic interventions targeting mechanical factors, particularly for knee hypermobility, 

may be needed to prevent ankle and forefoot symptoms.

For rOA, the only significant result was an association of knee hypermobility with the 

talonavicular joint. Our results suggested a possible link of joint hypermobility with a 

radiographic ankle outcome that relied on the presence of osteophytes (i.e., ankle OST). 

Similar results were not seen for radiographic outcomes related to cartilage degeneration 

(e.g., JSN), but these analyses were limited considerably by small sample sizes. Additional 

investigations are needed to clarify whether joint hypermobility has a varying relationship 

with different joint tissue processes at the ankle. Local foot or ankle hypermobility is not 

assessed as part of the Beighton Criteria, and associations of joint hypermobility and rOA in 

our analyses may differ if validated measures for hypermobility of the foot and ankle were a 

part of the assessment of general joint hypermobility. Joint hypermobility of the first ray, 

which includes the first metatarsophalangeal, cuneo-metatarsal, and interphalangeal joints, 

has been considered by clinicians to be associated with hallux valgus, although there is 

debate as to whether hypermobility is the cause or the result of the deformity (32). The first 

ray has been clinically considered as hypermobile when it translates 1 cm or more superiorly 

and inferiorly with respect to the 2nd ray, and this type of hypermobility has been 

qualitatively described and suggested to be related to hallux valgus and hallux rigidus, two 

conditions seen with first metatarsophalangeal joint OA (33, 34).

Strengths of the present study include the use of a large community-based sample, inclusion 

of African American and Caucasian men and women participants 45 years of age and older, 

and use of detailed data for these analyses (e.g., Beighton criteria, foot and ankle 

radiography, foot and ankle symptoms). To our knowledge, this is the first large cohort study 

to explore associations of joint hypermobility with ankle and foot osteoarthritis and 

symptoms.

An important limitation of this study is that there were small numbers for some analyses due 

to low frequency of hypermobility and certain outcomes; thus, results should be considered 

preliminary rather than definitive. Additionally, the analyses were not conducted over time, 

and thus, we were unable to determine how joint hypermobility may contribute to 

progression of ankle and foot symptoms and radiographic features of OA. Individuals in this 

cohort who were hypermobile in their youth may have experienced stiffening in the joints 

that typically is seen with aging. At the time of this study, our participants were over the age 
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of 45 years when we assessed their joint hypermobility status with the Beighton criteria; 

therefore, participants who at one time had general joint hypermobility (Beighton Criteria 

≥4) now may be classified as not having this condition. The occurrence of joint 

hypermobility was 7% in this study, which is within the range of frequencies reported in 

other large cohorts of adults in this age group (15–18) but less than what is observed in 

younger populations (up to 57%) (5, 35–37). It is important to note that the hypermobility 

measures (2002–2010) were collected several years before the ankle and foot radiographs 

were acquired (2013–2015), and the presence of joint hypermobility may have been less 

frequent at the time of outcome assessment. Also, participants included in these analyses 

likely were not fully representative of the overall Johnston County Osteoarthritis Project 

cohort because they were more likely to be younger and to have completed more years of 

school than those who did not participate, although sex, race, and BMI were comparable for 

participants and non-participants.

In summary, joint hypermobility may be linked to ankle and foot symptoms and 

talonavicular rOA. These findings should be further examined in other populations and in 

longitudinal analyses, particularly studies that may include data on joint hypermobility 

during younger ages, to determine the contribution of joint hypermobility over time to the 

incidence and progression of ankle and foot OA outcomes.
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SIGNIFICANCE AND INNOVATIONS

• Reports of associations of joint hypermobility and osteoarthritis (OA) vary 

widely, potentially because hypermobility may affect each joint site 

differently.

• This is the first large cohort study to examine the relationship of joint 

hypermobility with OA and symptoms at the foot or ankle.

• In a large cohort of adults 45+ years old, the associations of joint 

hypermobility and radiographic OA and symptom outcomes appear to differ 

by specific ankle and foot joints, even when considering age, race, sex, 

obesity, and injury.
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Figure 1. 
Johnston County Osteoarthritis Project participants available for analyses.
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