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Background: The coronavirus-19 (COVID-19) pandemic has prompted a shift in health-care provision toward im-
plementation of telemedicine. This study investigated demographic information on orthopaedic telemedicine utilization
at a single academic orthopaedic institution in an effort to identify factors associated with telemedicine usage.

Methods: Demographic and appointment data were collected from the electronic medical record during equivalent time
periods prior to the onset of the COVID pandemic (pre-COVID) and during the COVID pandemic (peri-COVID). Multivariate
analyses were performed to identify demographic and socioeconomic correlates of telemedicine utilization.

Results: There was a significant increase in telemedicine visits between the eras of study, with significant differences in
telemedicine usage in association with age, sex, marital status, English as the primary language, and insurance type (p < 0.001).
Multivariate analyses found American Indian/Alaska Native (adjusted odds ratio [aOR] = 0.487, p = 0.004), Black/African
American (aOR = 0.622, p < 0.001), Native Hawaiian/other Pacific Islander (aOR = 0.676, p = 0.003), and Asian (aOR = 0.731,
p < 0.001) race to be significantly associated with decreased telemedicine usage. Additionally, male sex (aOR = 0.878,
p < 0.001) and a noncommercial insurance plan (p < 0.001) were significantly associated with decreased telemedicine usage.

Conclusions: Non-White race, non-commercial insurance plans, and male sex were associated with decreased tele-
medicine utilization. Further investigation is needed to characterize and better identify underlying factors contributing to

disparities in telemedicine access and utilization.

the United States, within both the general field of med-
icine and the specialty of orthopaedics'. Elderly patients
(265 years) have been shown to be more likely to experience
underdiagnosis and delayed diagnosis of multiple conditions such
as cancer, infection, and metabolic disease when compared with
younger patients’. Furthermore, multiple studies have found that
racial/ethnic minorities undergo elective orthopaedic procedures
as well as screening and treatment for osteoporosis at lower rates™.
In addition, they experience longer wait times for radiographic
imaging and have been shown to have higher morbidity and
mortality rates following hip fracture®’. An analysis of a nation-
wide database showed that insurance status and median ZIP-code
income had a significant influence on the type of treatment
patients received for calcaneal fractures’.
Telemedicine is a multidimensional, rapidly evolving modality
that has been shown to be capable of improving access to quality cost-

H ealth-care disparities have been extensively identified in

efficient health care for patients needing orthopaedic specialty ser-
vices’. Multiple studies have found that telemedicine increases access
to care for patients in remote locations™". By allowing orthopaedic
providers to deliver care remotely, telemedicine has rapidly gained
momentum as a potential solution to socioeconomic and geo-
graphical disparities in orthopaedic care®.

The coronavirus-19 (COVID-19) pandemic and the re-
sponse that it has engendered have disrupted health-care systems
around the world®. Initiatives such as telemedicine have been
employed to limit this disruption and combat the spread of
COVID-19". The primary purpose of our study was to examine
disparities in orthopaedic care during the COVID-19 pandemic.
More specifically, our study was intended to provide demographic
information on orthopaedic telemedicine utilization at a single
academic orthopaedic institution and identify which character-
istics are associated with telemedicine usage. Given telemedicine’s
purported improvements in access to care for many populations,
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Characteristic Pre-COVID Era (N=21,275) Peri-COVID Era (N = 19,447) P Value
Mean age (SD*) (yr) 47.96 (24.3) 47.46 (24.5) 0.0375
Female (no. [%]) 11,804 (55.48) 10,878 (55.94) 0.357
Race (no. [%]) <0.001
White 17,010 (79.95) 15,494 (79.67)
Black/African American 2,471 (11.61) 2,919 (15.01)
Asian 1,124 (5.28) 773 (3.97)
American Indian/Alaska Native 51 (0.24) 62 (0.32)
Native Hawaiian/other Pacific Islander 619 (2.91) 199 (1.02)
Ethnicity (no. [%]) <0.001
Hispanic or Latino 3,001 (14.11) 2,683 (13.80)
Not Hispanic or Latino 14,773 (69.44) 14,040 (72.20)
Unknown or not reported 3,501 (16.46) 2,724 (14.01)
Primary language English (no. [%]) 19,633 (92.28) 12,878 (66.22) <0.001
Marital status (no. [%]) <0.001
Single 10,184 (47.87) 9,491 (48.80)
Married 8,456 (39.75) 7,655 (39.36)
Divorced 730 (3.43) 766 (3.94)
Widowed 901 (4.24) 787 (4.05)
Other 1,004 (4.72) 748 (3.85)
Insurance (no. [%]) <0.001
Commercial 2,429 (11.42) 6,644 (34.16)
Managed care 14,215 (66.82) 5,214 (26.81)
Medicare 2,299 (10.81) 5,423 (27.89)
Medicaid 2,255 (10.60) 2,116 (10.88)
Self-pay 77 (0.36) 50 (0.26)
*SD = standard deviation.

we hypothesized that significant disparities in telemedicine uti-
lization would not be observed.

Materials and Methods

fter obtaining approval from our institutional review board,

we performed a retrospective review and extracted demo-
graphics and ambulatory care appointment data (dates, visit types,
and insurance types) from electronic health records across our
Department of Orthopedic Surgery. The demographic informa-
tion consisted of age, race, ethnicity, primary language, marital
status, and type of insurance. Queried ambulatory care appoint-
ments included new patient visits and follow-up visits.

Data were retrieved from comparable time periods des-
ignated as “pre-COVID” and “peri-COVID.” The “pre-COVID”
period of study was defined as January 1, 2019, to December 23,
2019, while the “peri-COVID” period was defined as January 1,
2020, to December 23, 2020. Data were further stratified ac-
cording to visit type (in-person office visit or telemedicine visit).
All telemedicine visits were performed using an HIPAA (Health
Insurance Portability and Accountability Act)-compliant video
conferencing platform. For the purposes of the present study, we
define telemedicine as communication with patients at a distance

using audio and video content in real time to facilitate the pro-
vision of health care. Within the institution studied, all patients
were at least offered a telemedicine visit across the period of study.
More than 10 different categorizations of patient race and
ethnicity were self-reported in both databases. For standardization,
races were further grouped based on National Institutes of Health
(NIH) guidelines, which include a minimum of 5 categories for
race: White, Black/African American, Asian, Native Hawaiian/other
Pacific Islander, and American Indian/Alaska Native". Patients who
declined notation of their race on their chart (“unknown or not
reported”) and patients who reported “more than one race” were
excluded from analysis based on a priori assessment. Ethnicity
was categorized by NIH standards (Hispanic or Latino; not
Hispanic or Latino). A third ethnicity category was incorporated
to account for patients who did not have ethnicity noted in their
charts or declined to report it (“unknown or not reported”).
Insurance plans were categorized as commercial, managed
care, Medicaid, Medicare, or self-pay (out of pocket for the entire
billed appointment). Marital status included the following desig-
nations: married, single, divorced, widowed, and other. Appoint-
ment data from all divisions, providers, and locations within the
department’s orthopaedic practices were considered in the analysis.
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Fig. 1

Distribution of in-person (blue) and telemedicine (orange) visits by time period.

Statistical Analysis

Analyses were performed using Stata 16 (StataCorp). A Shapiro-
Wilk test was utilized and identified a nonparametric distribution
of the collected data. For descriptive statistics, means for non-
parametric continuous variables were compared using Wilcoxon
rank sum tests. Comparisons across categorical variables were
performed using Pearson chi-square analyses. For multivariate
analyses, demographic and socioeconomic factors were entered a
priori into a multiple logistic regression model. Multiple regres-
sion modeling was performed for the total population of indi-
vidual patient visits across the 2 eras of study. Significance was
determined by p < 0.05. Individual effect sizes were accompanied
by 95% confidence intervals (CIs) for all statistical comparisons
within the regression model.

Source of Funding

The research was supported by the Columbia University “Ad-
dressing Racism” Seed Grant, Fall 2020. The funding source did
not play a role in the investigation.

Results

uring the pre-COVID period (January 1, 2019, to December

23, 2019), there was a total of 50,005 orthopaedic ambula-
tory care episodes across 21,275 patients. Within the peri-COVID
period (January 1, 2020, to December 23, 2020), there were
49,080 ambulatory care episodes across 19,447 patients. Com-
parisons of demographic data for unique patient visits between
the pre-COVID and peri-COVID periods elicited significant dif-
ferences in age (p = 0.0375), race (p < 0.001), ethnicity (p <
0.001), marital status (p < 0.001), primary language (p < 0.001),
and type of insurance (p < 0.001) (Table I). During the pre-
COVID period, 99.9% (n = 49,955) of the ambulatory care epi-
sodes were in-person office visits. This decreased to 78.9% during
the peri-COVID period (Fig. 1). The pre- and peri-COVID eras of
study differed significantly with respect to the proportion of in-
person and telemedicine visits for new patient encounters as well
as telemedicine visits for follow-up patient encounters (Table II).

There were 50 orthopaedic telemedicine visits during the
pre-COVID period compared with 10,367 during the peri-

TABLE Il Distribution of All Patient Encounter Types by Era

Visit Type Pre-COVID Era (N = 50,005) Peri-COVID Era (N = 49,080) P Value

New patient encounters (no.) 23,765 17,851 0.064
In-person visit (no. [%]) 23,763 (99.99) 13,515 (75.71) 0.042
Telemedicine (no. [%]) 2 (0.01) 4,336 (24.29) <0.001
Follow-up patient encounters (no.) 26,240 31,229 0.0982
In-person visit (no. [%]) 26,192 (99.82) 25,198 (80.69) 0.813
Telemedicine (no. [%]) 48 (0.18) 6,031 (19.31) <0.001
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TABLE Il Demographics of All Telemedicine Visits by Era

Characteristic Pre-COVID Era (N = 50) Peri-COVID Era (N = 10,367) P Value
Mean age (SD*) (yr) 22.12 (4.29) 43.62 (22.55) <0.001
Female (no. [%]) 46 (92.00) 5,835 (56.28) <0.001
Race (no. [%]) 0.210
White 49 (98.00) 8,944 (86.27)
Black/African American 1 (2.00) 1,014 (9.78)
Asian 0 (0) 320 (3.09)
American Indian/Alaska Native 0 (0) 18 (0.17)
Native Hawaiian/other Pacific Islander 0 (0) 71 (0.68)
Ethnicity 0.210
Hispanic or Latino 5 (10.0) 950 (9.16)
Not Hispanic or Latino 28 (56.0) 7,923 (76.43)
Unknown or not reported 17 (34.0) 1,494 (14.41)
Primary language English (no. [%]) 50 (100.0) 6,971 (67.24) <0.001
Marital status (no. [%]) <0.001
Single 50 (100.0) 5,264 (50.78)
Married 0 (0) 4,091 (39.46)
Divorced 0 (0) 415 (4.00)
Widowed 0 (0) 239 (2.31)
Other 0 (0) 358 (3.45)
Insurance (no. [%]) <0.001
Commercial 0 4,292 (41.40)
Managed care 49 (98.00) 3,248 (31.33)
Medicare 0 (0) 2,158 (20.82)
Medicaid 1 (2.00) 648 (6.25)
Self-pay 0 (0) 21 (0.20)
*SD = standard deviation.

COVID period. Patients utilizing telemedicine during the pre-
COVID period were, on average, younger than those using it in
the peri-COVID period (mean and standard deviation, 22.1 +
4.29 years versus 43.6 + 22.6 years, p < 0.001). Additionally,
there were significant differences in patient sex, primary lan-
guage, marital status, and type of insurance (p < 0.001 for all)
between pre- and peri-COVID telemedicine users (Table IIT).

Factors Associated with Telemedicine Utilization

On univariable analysis, non-White race was significantly
associated with decreased telemedicine usage (p < 0.001), with
the largest effect size seen with patients identifying as American
Indian/Alaska Native (odds ratio [OR] = 0.317 [95% CI =
0.250 to0 0.403], p < 0.001). Asian (OR =0.661 [95% CI = 0.589
to 0.743], p < 0.001). Native Hawaiian/other Pacific Islander
(OR =0.543 [95% CI = 0.337 to 0.877], p = 0.012) and Black/
African American (OR = 0.708 [95% CI = 0.662 to 0.759], p <
0.001) race were also associated with decreased telemedicine
utilization but with comparatively lower effect sizes. Increasing age
was negatively associated with telemedicine usage but with a rel-
atively small effect size overall (OR = 0.992 [95% CI = 0.991 to

0.993] per year, p < 0.001). Additional significant negative cor-
relates of telemedicine usage included male sex (OR = 0.911 [95%
CI = 0.875 to 0.950], p < 0.001) and non-commercial insurance
plans (p < 0.001). A managed care insurance plan was associated
with the least telemedicine usage and had the highest effect size of
all insurance types analyzed (OR = 0.321 [95% CI = 0.306 to
0.337], p < 0.001), followed by Medicaid (OR = 0.346 [95% CI =
0.317 to 0.377], p < 0.001), Medicare (OR = 0.635 [95% CI =
0.600 to 0.671], p < 0.001), and self-pay (0.407 [95% CI = 0.260 to
0.637], p < 0.001).

A multivariate regression analysis revealed non-White race
to be significantly associated with decreased telemedicine usage
(Table IV). Compared with White patients, the largest effect size
was seen for American Indian/Alaska Native patients (adjusted
odds ratio [aOR] = 0.487 [95% CI = 0.297 to 0.799, p = 0.004)
and Black/African American patients (aOR = 0.622 [95%
CI = 0.579 to 0.668], p < 0.001). Medicaid (aOR = 0.510 [95%
CI = 0.465 to 0.559], p < 0.001) and Medicare (aOR = 0.812
[95% CI = 0.756 to 0.872], p < 0.001) were also associated with
decreased telemedicine utilization, with the largest effect sizes of all
insurance plans analyzed. Lastly, increasing age (aOR = 0.992 [95%
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TABLE IV Demographic and Socioeconomic Factors Associated

with Likelihood of Telemedicine Usage

Adjusted Odds
Variable Ratio (95% ClI) P Value
Age, per yr 0.992 (0.991-0.994) <0.001
Sex
Female 1 Reference
Male 0.878 (0.840-0.917) <0.001
Visit year
2019 1 Reference
2020 216.2 (197.6-345.3) <0.001
Race
White 1 Reference
Black/African American 0.622 (0.579-0.668) <0.001
Asian 0.731 (0.646-0.828) <0.001
American Indian/Alaska Native 0.487 (0.297-0.799) 0.004
Native Hawaiian/other Pacific  0.676 (0.523-0.873) 0.003
Islander
Insurance
Commercial 1 Reference
Managed care 0.867 (0.823-0.913) <0.001
Medicare 0.812 (0.756-0.872) <0.001
Medicaid 0.510 (0.465-0.559) <0.001
Self-pay 0.791 (0.487-1.29) 0.344

CI=0.991 to 0.994] per year, p < 0.001) and male sex (aOR = 0.878
[95% CI = 0.840 to 0.917], p < 0.001) were significantly associated
with decreased telemedicine utilization as well (Table IV).

Discussion
In this single-institution analysis of telemedicine utilization,
our practice experienced a rapid increase in telemedicine
usage, from <1% to >20% of all orthopaedic visits. This phe-
nomenon was a likely consequence of the COVID-19 pandemic
and restrictions requiring physical distancing. Further investiga-
tion of demographic factors associated with telemedicine utiliza-
tion demonstrated non-White race, non-commercial insurance
plans, and male sex to be significant negative correlates of tele-
medicine utilization. Although our analysis found increasing age
be significantly associated with decreased telemedicine utilization,
this finding may not have clinical relevance in our model given
that the adjusted odds ratio for age was 0.992 per year. Never-
theless, our hypothesis that significant disparities in telemedicine
utilization would not be observed was refuted.

The reasons for these disparities have been previously de-
scribed as complex and multifactorial. Whether measured by
income, educational achievement, or occupation, differences in
socioeconomic status are associated with large disparities in health
status”. Although these disparities are largest for those living in
poverty, gradients of disparity are seen across the socioeconomic
spectrum'®, Low socioeconomic status is an important determinant
of access to health care®. Individuals with low incomes are more
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likely to be Medicaid recipients or uninsured, have poor-quality
health care, and seek health care less often™*. As it pertains to
telemedicine, the “digital divide” in device ownership and broad-
band utilization between individuals with different financial
statuses is a major barrier to the adoption of virtual care”. Video-
conferencing abilities often require high-speed broadband
connectivity, in contrast to the free simple wireless networking
technology that has been made publicly available in many metro-
politan areas™. While the present study did not independently eval-
uate the effect of socioeconomic status on telemedicine utilization,
several prior studies have used insurance status as a surrogate for
socioeconomic status”, Therefore, it is likely that socioeconomic
status and telemedicine utilization are also similarly correlated.

Race continues to be a challenging factor to analyze when
exploring health-care disparities as it is often subject to con-
founders such as access-related and socioeconomic factors™.
Despite these confounding challenges noted in prior literature,
our investigation identified non-White race as an independent
negative predictor of telemedicine utilization. Within the
orthopaedic literature, the relationship between race and health
utilization has been studied by multiple authors. Nayar et al. found
increased time to surgery and perioperative complications across
non-White patients when adjusted for comorbidities, age, sex, and
type of surgery”. In their study of shoulder arthroplasty, Best et al.
found lower rates of anatomic and reverse total shoulder arthro-
plasty in Black patients compared with White patients independent
of insurance status®. Zhang et al. used a national administrative
database of total knee arthroplasties performed at high-volume
hospitals and found that racial minorities not only had lower rates
of total knee arthroplasty but also higher rates of adverse health
outcomes associated with the procedure”. Provider referral pat-
terns were suggested as one explanation for the disparities observed
in the study, and it was suggested that patient education could help
minimize the propagation of further disparities™.

Multiple studies have discussed a host of behavioral and
social factors, such as patient preferences and expectations, that
may play a role in influencing a patient’s decision to seek
medical care as well as their overall health perception®***. For
example, compared with Whites, African Americans have been
shown to be more likely to rely on self-care measures such as
prayer and are less likely to consider interventions in analyses
accounting for disease severity’****. This explanation could
also provide some rationale for the results observed in the
present study if non-White minorities opted to forego tele-
medicine in favor of self-care measures or believed the severity
of their disease or condition did not meet a threshold that
would support the pursuit of telemedicine.

Another factor that has been reported to lead to lower
utilization of orthopaedic care among African American patients
is lower trust'. One study demonstrated lower trust in the health-
care system among African Americans compared with Whites™.
Among African Americans, trust was lower in the subgroup of
patients who did not have a primary care physician in comparison
with those who had an established relationship with a primary
care provider”. For immigrant populations, concerns around
confidentiality, privacy, and data security could also contribute
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to a hesitancy to use telemedicine in the setting of more recent
governmental policies related to U.S. Immigration and Customs
Enforcement (ICE)*. George et al. investigated perceptions of
telemedicine in minority populations and noted that the physical
absence of a physician or a specialist during their evaluation was a
limiting factor in their trust in an examiner’s diagnosis™. Distrust
in telemedicine among African Americans and immigrant pop-
ulations could explain why we found non-White race to be a
negative predictor of telemedicine utilization. With the rise of
telemedicine implementation on the horizon for many large,
urban medical centers, more patient-perception studies are
needed to elucidate this possible confounder.

Despite the purported benefits of telemedicine in terms
of providing care to a wider patient demographic, a more
robust geographic catchment area of patients, and greater
patient satisfaction when telemedicine is provided as an option,
our investigation identified several disparities that merit fur-
ther investigation to improve access to this evolving mode of
health care in the face of the COVID-19 pandemic. There are a
number of important ways that the present study expands on
prior analyses previously published in the literature'****. Not
only did it identify disparities in orthopaedic care, it high-
lighted disparities in telemedicine use during a time period
when telemedicine use increased significantly. In addition, it
provides specific demographics associated with telemedicine
use, which deserve further study.

There are several limitations of the present study. For
example, the categories of “unknown or not reported” or “more
than one race” were not included in the analysis of the demographic
data, which may have skewed the relative weighting of variables
within our multivariate analyses. Although insurance type was
viewed as a surrogate for socioeconomic status, no socioeconomic
data were collected. Therefore, conclusions pertaining to socioeco-
nomic status and insurance type are inferred; no direct link was
established. Also, the study is from a single, large, urban academic
tertiary orthopaedic center. Thus, our findings may not be gener-
alizable to other parts of the United States with dissimilar demo-
graphics, practice models (i.e, private practice, or rural or
community practices), and medical specialties. Furthermore, there
was a large difference in telemedicine usage from the pre-COVID
era to the peri-COVID era that limits the ability to make statistical
comparisons that are not potentially subject to type-1 error. Addi-
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tionally, although telemedicine visits were widely offered to all
patients during the pandemic, as hospital and regional policies on
access to in-person services fluctuated and became less restrictive
over time it remained up to the patients to decide whether they
wanted an in-person or telemedicine visit. The significant differ-
ences observed in the distribution of telemedicine and in-person
visits as a function of new and follow-up patient encounters must be
viewed within the context of uniquely fluid and ever-changing re-
strictions during the pandemic. However, these differences are not
the primary finding of the study; the results of the regression model
to identify predictors of telemedicine usage were the main focus.
Lastly, our investigation does not present or differentiate visits based
on the severity of the chief complaints that traditionally prompt an
orthopaedic visit. For more emergency issues (e.g., infection, frac-
ture, or trauma) or problems predicated on detailed physical
examination, an in-person office visit may offer the highest yield of
information, allowing for coordination of subsequent surgical care;
thus, these situations may not be appropriate for an evaluation with
telemedicine.

In conclusion, significant disparities in orthopaedic care
were observed despite an increase in telemedicine utilization
during the COVID-19 pandemic. Non-White race, non-
commercial insurance plans, and male sex were significantly
associated with decreased telemedicine utilization. These dis-
parities warrant further investigation to characterize and better
identify underlying factors that contribute to telemedicine access
and utilization in orthopaedic practices. ®
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