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a b s t r a c t

Background: In the United States, English language proficiency is widely accepted as a key social
determinant of health. For patients with limited English proficiency (LEP), language barriers can make
the delivery of perioperative instructions challenging. The purpose of this study was to evaluate whether
a multilingual chatbot could effectively engage LEP patients and improve their outcome after total joint
arthroplasty (TJA).
Methods: We identified 1,282 TJA patients (705 knees, 577 hips) who enrolled in a short message service
(SMS) chatbot from 2020-2022. Forty-seven patients enrolled in the chatbot received their messages in a
language other than English. A historical control of 68 LEP patients not enrolled in the chatbot was
identified. Chi-squared, Fisher’s exact test, and t-tests were performed to measure the effect that
conversational engagement had on emergency department (ED) visits, hospital readmissions, and
reoperations.
Results: There was no difference in the conversational engagement between LEP patients and those with
English as their primary language (EPL) (12.3 versus 12.2 text responses, P ¼ .959). The LEP cohort who
enrolled in the chatbot had fewer readmissions (0% versus 8.3%, P ¼ .013) and a near significant reduction
in ED visits (0.9% versus 8.0%, P ¼ .085) compared to those not enrolled. There was no difference in
reoperations between the 2 cohorts.
Conclusion: LEP and EPL patients engaged equally with the multilingual chatbot. LEP patients who
enrolled in the chatbot had fewer readmissions and a near significant reduction in ED visits. Multilingual
platforms such as this chatbot may provide more equitable care to our frequently encountered LEP
patients.

© 2023 Elsevier Inc. All rights reserved.
Total joint arthroplasty (TJA) is one of the most common or-
thopaedic procedures performed in the United States, and current
estimates project that the annual number of hip and knee re-
placements will be roughly 850,000 and 1,921,000 by 2030,
respectively [1,2]. Despite the growing number of hip and knee
replacements performed in the United States, multiple studies have
closed potential or pertinent
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shown that racial and ethnic disparities exist within TJA care [3e6].
When reviewing the American Joint Replacement Registry, African
American patients comprise only 5% of TJA recipients while 74% of
patients are non-HispanicWhite [7]. However, severe osteoarthritis
of the hip and knee has been shown to be at least as prevalent
among African Americans and Hispanics as non-Hispanic White
patients [8,9]. Despite minorities having lower rates of utilization of
TJA, there is concern that these patients experience higher rates of
adverse health outcomes when compared to nonminority patients
[3]. These disparities reinforce the need for improved communi-
cation between these patient populations and their surgeons in
hopes of improving perioperative patient engagement and clinical
outcomes. In the United States, proficiency in the English language
has been shown to be another important social determinant of
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Table 1
Patient Demographics.

Demographic Variable Not Enrolled in
Chatbot (N ¼ 68)

Enrolled in
Chatbot (N ¼ 47)

P Value

N (%) N (%)

Sex
Female 48 (70.6) 28 (59.6) .2200
Male 20 (29.4) 19 (40.4)

Primary language
Spanish 39 (57.4%) 32 (68.1) .2440
Other language 29 (42.7%) 15 (31.9)

Ethnicity
Hispanic 36 (52.9) 31 (66.0) .1641
Not Hispanic 32 (47.1) 16 (34.0)

White
White 12 (20.0) 10 (21.7) .8270
Non-White 48 (80.0) 36 (78.3)

Medicaid
Yes 11 (16.2) 17 (36.2) .0141
No 57 (83.8) 30 (63.8)

Anxiety
Yes 14 (20.6) 10 (21.3) .9288
No 54 (79.4) 37 (78.7)

Depression
Yes 17 (25.0) 11 (25.0) 1.000
No 51 (75.0) 33 (75.0)

Obese
Yes 41 (60.3) 34 (72.3) .1824
No 27 (39.7) 13 (27.7)

Mean (range) Mean (range) P value

Age 64.5 (28-88) 64.6 (40-84) .9601
BMI 31.7 (21.8-45.1) 33.8 (21.6-48.1) .0634
CCI 2.5 (0-13) 2.6 (0-14) .9091
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health [10e13]. Currently, about 22% of adults in the US speak a
primary language other than English. Of these adults, a substantial
proportion have limited English proficiency (LEP), which has been
associated with poor clinical outcomes for those receiving health-
care requiring complex communication [14,15]. Regarding TJA care,
LEP has been independently associated with higher hospitalization
costs, longer lengths of stay, and a higher proportion of discharge to
a skilled care facility [16]. These language barriers make the de-
livery of perioperative education and instructions challenging for
patients and may negatively impact patients’ clinical outcomes.

In attempts to improve perioperative education, a multilingual
text-messaging (short message service [SMS]) chatbot has been
developed. This chatbot is available in English and 19 additional
languages and has been shown to improve patient engagement and
clinical outcomes in the early postoperative period following TJA
[17]. However, it is unknown if these perioperative chatbots can
help to address the inequities seen in TJA care among our LEP pa-
tients. The purpose of this study was 2-fold: first, we wanted to
evaluate whether a multilingual chatbot could effectively engage
LEP patients to the same degree as patients with English as their
primary language (EPL), and secondly, we wanted to investigate
whether this multilingual chatbot could improve LEP patient out-
comes after TJA.

Methods

After institutional review board (IRB) approval from the Uni-
versity of Utah IRB, a retrospective review was performed on all
patients who underwent total hip or total knee arthroplasty who
were also enrolled in a SMS chatbot from 2020 to 2022 at a single
institution. Patients were included in the final cohort if they had
follow-up of at least 3 months. 1,282 TJA patient were identified
(705 knees, 577 hips), and of these patients, 47 were enrolled to
receive their chatbot messages in a language other than English. A
historical control of 68 patients with LEP who did not enroll in the
chatbot and underwent a TJA between 2018 and 2019 were iden-
tified for comparison purposes. Demographic and comorbidity data
of these 2 groups were collected and are summarized below in
Table 1. There were no significant differences in sex, ethnicity, race,
anxiety, depression, obesity, age, or Charlson Comorbidity Index
between the 2 groups. However, patients enrolled in the chatbot
were significantly more likely to have Medicaid (36.2% versus
16.2%, P ¼ .0141). A majority in both groups reported Spanish as
their primary language (68.1% in chatbot group versus 57.4%, P ¼
.2440).

The multilingual SMS chatbot service used in this study was
provided by StreaMD (Chicago, IL). Their orthopaedic chatbot ser-
vice coaches patients before and after their surgery through auto-
mated text messages. The messaging content includes information
about preparing and recovering from surgery, short instructional
therapy videos, and personalized video messages from their sur-
geons. In addition to receiving scheduled messages, patients are
able to send text messages to the chatbot regarding questions or
topics (such as pain and showering) and receive further automated
responses to these topics. The content of the messages is specific to
their procedure and physician. Patient engagement was measured
using the total number of patient-generated text messages sent to
the chatbot during both the preoperative and postoperative period.
Figure 1 demonstrates a typical automated bot response to patients
in response to questions regarding pain and dressing removal.

All patients had follow-up of at least 90 days. Additionally, the
orthopaedic clinic monitoring these patients called patients at
specific intervals to assess their clinical status. These calls are at 24-
48 hours, 7-10 days, 30 days, 60 days, and 90 days postoperatively.
All of these calls are documented within our electronic health
record and document a general assessment of the patients’ post-
operative course, mobility, and if they have been seen in an
emergency department (ED) or admitted to a hospital since sur-
gery. In addition, ED visits and readmissions are documented at
clinic follow-up visits. Figure 2 demonstrates the survey provided
to patients at their 90-day telephone check-in.

Statistical analysis was performed using SAS 9.4 (Cary, N.C.).
Descriptive statistics were used to compare the demographics be-
tween the LEP patients enrolled in the chatbot and the historical
LEP patients not enrolled in the chatbot. Independent t-tests,
Fisher’s exact tests, and chi-squared tests were performed to
measure the effect that conversational engagement had on ED
visits within 90 days, hospital readmissions within 90 days, and
reoperations.
Results

On average, LEP patients responded to 12.3 ± 16.6 (range 0-80)
SMS chatbot messages in comparison to 12.2 ± 12.1 (range 0-106)
message responses by EPL patients, which was not significantly
different (P¼ .959), Figure 3. The LEP patients whowere enrolled in
the chatbot had fewer readmissions (0% versus 8.3%, P¼ .013) and a
near significant reduction in ED visits (0.9% versus 8.0%, P ¼ .085)
compared to the historical control LEP patients who did not enroll
in the chatbot, Figure 4. There was no difference in reoperation
rates between the chatbot cohort and those not enrolled in the
chatbot (0% versus 1.5%, P ¼ 1.000). One patient who was not
enrolled in the chatbot underwent an irrigation and debridement
with poly exchange. Finally, the majority of these LEP patients re-
ported Spanish as their primary language (68.1% in chatbot group
versus 57.4%, P ¼ .2440), with a total of 17 languages represented in
these cohorts.
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Fig. 1. Example of an automated chatbot response to patient in response to questions regarding pain and dressing removal.
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Discussion

Several studies have demonstrated that racial and ethnic dis-
parities exist in the delivery of TJA care despite THA and TKA being
2 of the most common procedures in the United States [3e6]. The
current racial and ethnic inequities observed in TJA have significant
implications on how surgeons communicate with patients andmay
Fig. 2. Survey provided to patients at
provide an opportunity to improve care in these patient pop-
ulations. Severe hip and knee arthritis has been demonstrated to be
at least as common in African Americans and Hispanics when
compared to non-Hispanic White patients, but these patients are
only a minority of those receiving TJA when compared to non-
Hispanic White patients [7e9]. A contributing factor to these dis-
parities includes the lack of diversity in physician representation in
their 90-day telephone check-in.
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Fig. 3. Number of patient responses to chatbot messages before and after surgery in those patients enrolled in the chatbot service. (No significant difference seen between English
speakers and non-English speakers before or after surgery.)

J.P. Rainey et al. / The Journal of Arthroplasty 38 (2023) S78eS83 S81
these communities, which may also impact opportunities to clearly
communicate with healthcare providers. According to the Associ-
ation of American Medical Colleges, African Americans and His-
panics represented 5.0% and 5.8% of physicians in 2018,
respectively. From this same report, Caucasian physicians repre-
sented 56.2% of the physician workforce [18]. Although the current
disparities observed in TJA care of minority patients are likely
multifactorial, racial and ethnic representation of the physician
workforce likely plays a crucial role.

The current inequities seen in TJA care can be broadly summa-
rized into 3 main groups, which include disparities in access, utili-
zation, and postoperative outcomes [19]. A patient’s access to TJA
care largely involves insurance status, comorbidities, and available
surgeons in one’s ability to travel for evaluation and treatment.
Utilization of TJA care is impacted by racial and ethnic differences
between patients and surgeons in addition to language barriers.
Finally, there have been several studies demonstrating poor out-
comes of minority patients in comparison to their Caucasian peers.
Fig. 4. Outcomes within 90 days of Surgery in terms of Emergency Department (ED
Specifically, length of stays, nonehome hospital discharges, in-
fections, deep venous thrombosis, transfusions, and persistent
postsurgical pain have all shown to be increased in minority pa-
tients when controlling for medical comorbidities [20]. Whether
consciously or not, these poor outcomes impact surgeons' willing-
ness to provide access to TJA to patients that are perceived to do
poorly. Given decreasing reimbursements for TJA in the United
States, particular stress has been placed on surgeons to produce
surgeries with minimal complications to maximize reimbursement
[21]. A 2019 survey of 474 responding members of the American
Association of Hip and Knee Surgeons (AAHKS) demonstrated that
over 80% of surgeons feel pressure to limit access to patients with
poor social support given the failure of current compensation
metrics to account for the additional risk, time, and complications
involved in the care of these patients. Specifically, Medicaid or un-
derinsured patients, minorities, and those with low socioeconomic
status were identified as the groups most impacted by limited ac-
cess. However, over 90% of AAHKS survey respondents believed that
) visits and Readmissions in LEP patients before and after the chatbot service.
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there would be an increased access to care of these patient pop-
ulations with better risk adjustment and compensation [22].

Given the current stasis of compensation metrics to account for
the increased complications seen in these marginalized patient
groups, other means are necessary to improve the outcomes of
these patients. Communication is a key aspect to the
patientesurgeon relationship and those at risk of difficulties in
communicating with their surgeon, such as patients with LEP, have
been shown to have higher hospitalization costs, longer lengths of
stay, and a higher proportion of nonehome discharges [16]. Addi-
tionally, non-English-speaking patients have been demonstrated to
have worse postoperative functional outcomes after TKA compared
to English-speaking patients [23]. When examining the differences
in TJA in the United States Chinese population, only 35% of Chinese
patients offered TJA from a single, fellowship-trained Caucasian
arthroplasty surgeon elected to undergo surgery as opposed to 76%
of Caucasian patients. The difference in the native languages of
patients and surgeon was listed as a contributing factor for the
different rates of utilization of TJA [24]. The native language of
patients undergoing TJA needs to be considered by surgeons and
may provide an opportunity to improve overall patient care.

Our retrospective review demonstrated that the use of a
multilingual SMS chatbot equally engaged LEP and EPL patients
who underwent TJA. There was also a significant reduction in
readmissions and near significant reduction in ED visits of LEP
patients enrolled in the multilingual SMS chatbot compared to a
historical cohort who were not enrolled. These results suggest that
utilizing multilingual SMS texting technology may help to improve
communication and outcomes in those who have historically suf-
fered worse outcomes in comparison to EPL patients. Additionally,
this multilingual SMS chatbot may provide an opportunity to reach
LEP patients in the current absence of multilingual patient
engagement platforms. For example, LEP patients comprise
approximately 8.5% of the United States population (approximately
25.6 million patients), but many patient portals have historically
not been available in languages other than English [25,26]. Utili-
zation of technology, such as this multilingual SMS chatbot, pro-
vides an opportunity to reach this population while mainstream
healthcare technology catches up to the demands of our multilin-
gual population.

For better or worse, hip and knee arthroplasty has transitioned
to fewer postoperative visits and less contact between patients and
their surgical teams, a transition accelerated by the recent COVID-
19 pandemic. Digital patient engagement platforms provide an
opportunity to fill these new voids and improve clinical outcomes
[27,28]. However, these platforms require a varying amount of
technology ownership that our patients may not possess. The
advantage of the aforementioned chatbot is that the only tech-
nology required by patients is a cell phone capable of receiving
SMS-based text messages, with current estimates showing that 97%
of the US population owns an SMS-capable cellphone [29]. This
studied multilingual chatbot allows arthroplasty surgeons to
communicate with the majority of patients in the United States,
while minimizing the burden of patients needing to possess
advanced technology.

The limitations of our study include its retrospective nature and
the geographic and demographic constraints of patients presenting
to our single academic center, which may not be representative of
other regions in the United States. Further investigation at other
academic and community centers with their own unique patient
populations will be necessary to fully validate these results in
addition to prospective investigation. Additionally, long-term
clinical outcomes will also need to be studied to fully assess if
engagement of LEP patients with a SMS chatbot impacts outcomes
greater than 3 months poperatively.
Conclusion

In our retrospective review, we found that a multilingual SMS
chatbot equally engaged LEP and EPL patients. There was also a
significant reduction in readmissions and trend towards reduction
in ED visits of LEP patients enrolled in the multilingual SMS chatbot
compared to a nonenrolled historical cohort. Further investigation
in long-term outcomes and application of this multilingual chatbot
in other geographic regions and demographic cohorts will be
necessary to assess its impact on improving communication and
outcomes of LEP patients outside of our single academic center.
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