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CONCLUSION

INTRODUCTION
Hypothesis

Significant differences in treatment types utilized between patients with 

longer and shorter travel times might suggest distance plays a role in a 

patient’s choice of management of a chronic disease. The distinct treatment 

types we used are (1) physical therapy, (2) corticosteroid intraarticular 

injections, (3) hyaluronic acid intraarticular injections, and (4) total hip 

replacement surgery. Our primary hypothesis is that patients with a shorter 

travel time will use more invasive, variable, and costly treatment types, 

and that patients with a longer travel time will use less invasive, fewer, and 

less costly treatment types. Although these are the most intuitive 

hypotheses, after further consideration, an alternative hypothesis could also 

be possible. In this hypothesis, patients with a shorter travel time will use 

less invasive, fewer, and less costly treatment types, while patients with a 

longer travel time will use more invasive, fewer, and more costly treatment 

types.

Statistical results determined that patients with a higher travel burden, or a 

longer travel time, were more likely to receive no treatment for their hip 

OA, while those with a lower travel burden were more likely to choose 

multiple and more invasive treatment types. Rural patients were more 

likely to receive no treatment, only physical therapy, or only intraarticular 

injections, while urban patients were more likely to receive a combination 

of surgery, physical therapy, and intraarticular injections. Our findings 

align with this previous research emphasizing the challenges faced by 

rural populations in accessing healthcare services, particularly for a 

chronic, mobility-limiting condition like osteoarthritis.
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These data indicate support for our primary hypothesis and are inconsistent 

with our alternative hypothesis. Patients with a lower travel burden from 

more metro areas receive more comprehensive, long-term care, which may 

be a result of closer access to a clinic that can provide more treatment 

variety. Patients with a higher travel burden and those from more rural 

areas may be less likely chose to receive any treatment for at all. This 

suggests that shorter travel times do not necessarily determine usage of 

more conservative or more invasive care but determine if a patient will try 

a multitude of treatments. Patterns in rural patient treatment utilization 

were similar, with higher rates of no treatment and usage of a singular 

treatment type. Urban patients were more likely to receive a combination 

of treatments. Therefore, rural-urban designation also indicates preference 

for the multitude of treatments received. In line with our results, studies 

have shown that rural residents face increased travel distances to healthcare 

facilities, which can impact their access to specialized care, leading to 

poorer outcomes.15,16 Our findings further emphasize the importance of 

considering geographic factors in healthcare planning, especially for 

conditions with various treatment modalities like hip OA.

RESULTS DISCUSSION

Figure 1: Treatment groupings for patients with hip OA. All surgery patients also received PT. These 

categories were chosen based on how often treatments were seen combined or separate in the dataset, the 

invasiveness of treatment, and the time burden of the treatment.23

Our study found that utilized treatment for hip osteoarthritis differs based 

on age, travel time, and rural-urban designation. Patients in the no 

treatment group have longer travel times, while patients in the surgery, 

physical therapy, and injections treatment group have shorter travel times. 

Patients in the no treatment group also tended to be rural and patients in 

the surgery, physical therapy, and injections group tended to be urban. A 

limitation was that assumptions for patterns in treatment types were made 

to group patients. Some Bowling Green physicians used also have 

scheduled times at specialty clinic locations in smaller areas, meaning 

patients living further away may have attended these clinics instead.

Osteoarthritis (OA) is the most common form of arthritis and results in the 

degeneration of joint cartilage, often leading to loss of joint function. 

More than 32.5 million adults in the United States are diagnosed with the 

disease, and in 2019, it affected approximately 528 million people 

worldwide.1,2 OA is recognized as a leading cause of disability in those 

aged 60 and older, and is projected to grow in cases by 74.9% for knee 

OA and by 78.8% for hip OA by 2050.3 Affliction with OA can be 

attributed to a variety of risk factors, including older age, sex, genetics, 

obesity, occupation, and prior joint injury.1 It can occur in any joint in the 

body, most commonly the knees, spine, hands, or hips.4 Lifestyle 

modifications such as exercise, weight loss, or increasing joint mobility 

can make patients less susceptible to the disease.5 Hip osteoarthritis is a 

common diagnosis for chronic hip pain symptoms. It can result in 

decreased quality of life for those diagnosed due to pain, immobility, and 

potential increases in comorbidities.7 In women, it has been found to lead 

to other negative health outcomes such as significantly short sleep 

duration or long sleep duration, which is linked to increased risk for all-

cause mortality, hypertension, and type 2 diabetes.8 The need for total hip 

arthroplasties is expected to increase by 174% by 2030, a number that was 

previously underestimated.9 

Treatment Types

Prescribed physical therapy is often the first line of conservative 

treatment. Pharmaceutical treatment for the disease includes non-steroidal 

anti-inflammatory drugs (NSAIDs) such as ibuprofen, acetaminophen or 

the prescription drug meloxicam.10 In more severe hip OA cases, a 

corticosteroid, depo-medrol, or hyaluronic acid joint injection may be 

used. A corticosteroid injection may provide short-term pain relief for a 

few months, with repeated injections when needed, and potentially 

prolong the need for a total hip arthroplasty. However, for patients with 

worsening cases of hip OA, pain relief from the injection may be 

inconsistent, and surgery may be necessary soon after beginning injection 

treatment.6,11 The most invasive stage of treatment for hip OA is a total or 

partial hip arthroplasty. This treatment is recommended primarily for 

patients whose daily life is heavily impacted by their hip OA, those who 

experience pain even when resting, and when other treatments have not 

been successful.12 

Rural Healthcare

In rural areas, qualities such as having older populations, lower 

socioeconomic class, further distances from healthcare facilities, and 

higher obesity rates can alter health outcomes and make rural populations 

more susceptible to forms of osteoarthritis. Approximately one third of 

those living in rural areas have one of the many forms of arthritis, and 

more than one half are limited in their daily lives by the condition.13 Out-

of-pocket treatment costs are also substantial for those living with OA.14

Travel Time and Treatment Type

Distance is perceived to have a role in impeding completed and effective 

treatment for certain diseases and disorders, such as cancer, and should be 

recognized as an access barrier to healthcare.15 Residents of rural areas see 

increased travel distances of around 2-3 times farther to healthcare 

facilities when compared to their urban counterparts.16 This difference is 

most prominent for those needing complex procedures and for those with 

heart disease, cancer, or depression, as well as in the type of healthcare 

visit patients took part in – those with increased rurality tended towards 

general practitioners over specialists.17,18 Rural patient are also farther 

from hospitals, living an average of 10.5 miles away and patients in urban 

areas living an average of 4.4 miles away.19 From 2013-2018, the number 

of orthopedic surgeons practicing in urban areas increased, but the number 

of these physicians in rural areas decreased.20 As the older population in 

the United States increases, primarily in rural areas, the risk of 

musculoskeletal disease and injury will increase alongside it, as old age is 

a risk factor for common problems like osteoarthritis.21 Orthopedic 

surgeons earlier in their careers as well as those that sub-specialize tend to 

practice more in metropolitan areas, while orthopedic surgeons in rural 

areas tend to be older than their urban counterparts.20,22

 

This observational study was conducted utilizing data retrieved from the 

Med Center Health patient database, a healthcare branch spanning 

Southcentral Kentucky. Patients were categorized into treatment groups 

based on the type of treatment(s) they received for hip OA (Figure 1).

Travel Time and Rural-Urban Distinction

The sample was limited to only Bowling Green, Kentucky providers, who 

saw 95% of patients in the original data set. Distance in miles and travel 

time in minutes were then calculated using the county of each patient zip 

code to Bowling Green. Rural-urban continuum codes, developed by the 

United States Department of Agriculture, form a classification scheme for 

metropolitan and non-metropolitan counties.24 There are nine rural-urban 

codes, but for this research study, the codes were grouped into three areas 

from most urban to most rural to better serve the statistical analysis and 

sample: most urban (codes 1-3), urban-rural (codes 4-6), and most rural 

(codes 7-9).

Statistical Analysis

Statistical analysis was conducted using SPSS. A Kruskal-Wallis 

nonparametric ANOVA was used to determine the effect of travel time on 

treatment group and to test the null hypothesis that there is no significant 

difference in travel time among treatment groups. A chi-square association 

test was used for group associations between sex and treatment group and 

rural-urban group and treatment group. Bivariate correlations were used to 

determine potential confounding factors that may influence the effect of 

travel time.

The sample consisted of 930 patients from the past five years diagnosed 

hip OA. Patients were selected from those who utilized Med Center Health 

healthcare facilities in the state of Kentucky. The sample was 52% female 

and 48% male, with an age range of 25 to 97. 

Analysis

The Kruskal Wallis test determined that age and travel time have 

significantly different means across treatment groups. Travel time 

produced a significant p-value of 0.023 and significant coefficient of 

13.065 (Table 1, Graph 1). Travel time, although a significant factor in 

treatment group, was less significant than the effect of age (Table 1) on 

treatment group, which had a p < 0.001 and a coefficient of 26.806.

Table 1: Kruskal Wallis test between treatment group and age, travel time, mean BMI, and total visits.

Average patient BMI, however, was an insignificant factor in treatment 

group, with a value of p = 0.470 (Table 1). Total number of visits was also 

insignificantly different across treatment groups.

The Chi-Square associations determined that the rural-urban group was 

significantly associated with treatment group, with a significance value of 

p = 0.008. Sex was not associated with treatment group (Table 2).

Relationship tests determined that travel time is not correlated with age, 

BMI, total visits, and sex. However, an ANOVA test showed that it is 

related with rural-urban group (Table 3).

The Chi-Square for treatment group and rural-urban group determined 

differences in observed and expected patient counts per treatment group. 

More rural patients than expected received no treatment, and more urban 

patients than expected received multiple treatments (Table 4).

Age Travel Time Mean BMI Total Visits

Kruskal-Wallis 26.806 13.065 4.576 2.511

df 5 5 5 5

Asymp. Sig. <0.001 0.023 0.470 0.775

Sex Rural-Urban Group

Pearson Chi-Square 9.850 23.681

Asymp. Sig. 0.080 0.008

Graph 1: Bar graph of mean travel time by treatment group. Group 0 had a significantly higher mean 

travel time than group 5.

Table 2: Chi-Square association test results between treatment group and sex and treatment group and 

rural-urban group (N = 3).

Age Mean BMI Total Visits* Sex** Rural-Urban^

Sig. (2-tailed) 0.990 0.714 0.672 0.868 <0.001

Test Statistic r = 0.000 r = 0.014 r = -0.012 t = 1.990 F = 393.438

df 928 928 928 928 28

Table 3: Relationship tests, including correlation, t-tests (*), and an ANOVA (^), between travel time and 

age, BMI, total visits, sex, and rural-urban group to identify potential confounding variables. For total 

number of visits, (N=1198) due to data transformation of top 32 providers. 

Urban (1-3) Between (4-6) Rural (7-9)

Group 0

(O/E)

46

54.8

23

19.6

20

14.5

Group 5

(O/E)

159

139.9

47

50.0

21

37.1

Table 4: Chi-square observed (O, top) and expected (E, bottom) values for treatment groups and rural 

urban groups (N = 3).
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