
OPIOID PRESCRIBING AND PAIN MANAGEMENT / ORIGINAL ARTICLE

A Novel Mobile Phone Text Messaging Platform Improves Collection
of Patient-Reported Post-operative Pain and Opioid Use Following
Orthopedic Surgery
Ajay Premkumar, MD, MPH & Francis C. Lovecchio, MD & Jeffrey G. Stepan, MD, Msc &
Cynthia A. Kahlenberg, MD & Jason L. Blevins, MD &Todd J. Albert, MD &Michael B. Cross, MD

Received: 15 June 2018/Accepted: 10 September 2018/Published online: 22 October 2018
* Hospital for Special Surgery 2018

Abstract Background: Prospective collection of patient-
reported opioid consumption and pain levels post-surgically
may hold value in highlighting solutions related to the
opioid crisis. Traditional methods for collecting patient-
reported outcomes after surgery, such as paper surveys, often
have poor response rates, and electronic messaging may
offer more convenience and therefore yield more robust
data. Questions/Purposes: The purpose of this study was to
evaluate whether a novel mobile phone short message ser-
vice (SMS) platform would lead to better patient response
rates to surveys on pain and opioid use than data-collection
tools. Methods: An SMS text messaging platform was cre-
ated and implemented between September 2017 and
May 2018 at an orthopedic specialty hospital. The purpose
was to collect reports on opioid consumption and pain levels
twice a day for 6 weeks post-surgery from patients who had
undergone total hip or knee arthroplasty or a single-level
lumbar microdiscectomy or decompression spine surgery.
Patients who responded to fewer than 50% of the text
messages were excluded. Results: Our mobile phone text
messaging platform was used by 183 patients, demonstrat-
ing a significantly higher response rate (96.1%) than our
institution’s post-operative email registry capture, as well as
the majority of published response rates for post-operative

outcomes captured through electronic and traditional data-
collection systems. Response rate remained consistently
high among the various surgeons and across patients, re-
gardless of age. Conclusions: This application of a widely
available technology can improve the measurement of post-
operative patient-reported outcomes. Such data can in turn
be used in the development of strategies to reduce post-
operative opioid use. The adoption of novel technologies at
a patient level will play a key role in combating the opioid
epidemic.
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Introduction

Opioid misuse is among the most significant preventable
public health threats facing the USA, claiming more than
600,000 lives to date [3, 8]. Rates of opioid use disorder and
overdose have continued to grow, and in 2016 over 46
people died on average each day from overdoses involving
prescription opioids [3]. Opioids are commonly prescribed
after surgery for the management of acute pain, with ortho-
pedic surgeons among the top opioid prescribers [15]. With-
in this context, there is an increasing focus on strategies to
reduce opioid prescribing, including after surgery. However,
accurate and reliable methods for assessing such strategies
are essential to determining best practices.

The prospective collection of patient-reported data on opi-
oid consumption and pain in the acute post-operative period
may have tremendous value in understanding current chal-
lenges and developing solutions related to opioid use and
misuse. Several recent studies have examined both the amount
of opioid analgesics prescribed and the amount taken by pa-
tients undergoing orthopedic procedures. Sabatino and col-
leagues, for example, found that 61% of patients undergoing
one of five orthopedic procedures in 2015 at one institution
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reported unused opioid medication and that an estimated
43,000 unused opioid pills were prescribed [13].

Traditional methods for collecting patient-reported out-
comes after surgery, such as paper surveys, often have poor
response rates, and in our clinical experience may be influ-
enced by recall bias if not completed in a timely manner or
adversely affect office workflow if completed in person
during a post-operative visit. Low response rates may lead
to sampling or nonresponse bias, where respondents do not
represent the larger population of interest [10]. While there
is no universally accepted survey response rate, 60% has
been noted as a general Bthreshold of acceptability^ [9]. In
addition, traditional surveys are generally completed on a
weekly or monthly basis. In New York State, initial opioid
prescriptions for acute pain are limited to 7 days, at which
point refills may be provided as needed. Thus, past methods
for capturing and understanding post-operative opioid use
and pain levels may lack sufficient granularity, necessitating
novel ways of collecting patient-reported outcomes, espe-
cially after hospital discharge.

In early 2018, 77% of Americans reported having a
smartphone and an even larger number had mobile phones
with short message service (SMS) text message capability
[12]. Thus, a novel SMS text messaging platform was cre-
ated to improve collection of patient-reported opioid use and
post-operative pain. We hypothesized that such a system
would lead to improved patient response rates when com-
pared to traditional data-collection tools.

Patients and Methods

A novel SMS text messaging platform was created and
implemented between September 2017 and May 2018 at
an orthopedic specialty hospital. The aim was to collect
daily information on patient-reported opioid consumption
and pain for 6 weeks post-surgery. We prospectively en-
rolled patients undergoing total hip or knee arthroplasty
(THA or TKA, respectively) or single-level lumbar
microdiscectomy or decompression with one of 16 orthope-
dic surgeons at our institution. Patients with opioid depen-
dence, defined as daily opioid use during the 6 months
before surgery, were deemed ineligible for enrollment.
Those who had used opioids on a non-daily basis in the
6 months prior were classified as having a history of inter-
mittent opioid use. All patients completed an informed con-
sent form prior to enrollment, which counseled them that
their phone number would be stored on a third-party web
server and protected with 128-bit encryption and other rea-
sonable, commercially available security measures.

The SMS platform was created using a secure web server
and linked to a database bound to a single local internet
protocol (IP) address. A third-party cloud-based service,
Twilio (San Francisco, CA, USA), was used to send and
receive SMS text messages to and from our database. An
administrative portal was created, through a website
protected by a password and two-factor authentication, to
which access was limited to certain users and IP addresses.
The credentialed research team used this portal to enroll new

patients, follow-up on patients, and generate reports in real
time. All data was transferred between systems using an
encrypted secure file transfer protocol connection. Data from
different sources was linked on the server using a system-
generated unique key for each patient, which was used as the
only patient identifier whenever possible, to minimize the
risk of data compromise. A simplified diagram explaining
this system architecture can be seen in Fig. 1.

The system automatically queried patients twice a day
after surgery, asking about daily pain levels (on a 0–10
numeric rating scale) and opioid consumption. The system
also automatically queried patients every week, asking if
they were experiencing any adverse effects they believed

Fig. 1. Simplified architecture diagram of SMS system
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were related to opioid use. If patients reported no opioid
use for 4 consecutive days, they were then asked if they
had completed taking opioids, and if so, they were sent a
string of end-of-survey questions. If patients reported they
were still taking opioids at the end of 4 days, they con-
tinued to get twice-daily text messages until they reported
no opioid use for 4 consecutive days, when they were
asked if they had completed taking opioids. Patients still
taking opioids 6 weeks after surgery were asked the end-
of-survey questions. (See Online Resource 1 for details of
this algorithm for data collection).

Research staff attempted to contact non-responsive pa-
tients by phone or email on a weekly basis. Patients were
called if they did not respond to any questions for three
consecutive days. All patients had the opportunity to stop
receiving text messages at any time by responding with
BSTOP^ to any question. Response rates for all patients en-
rolled in this study were then collected retrospectively. Given
the high frequency and volume of questions, adequate patient
response was defined as answering greater than 50% of text
messages received, a threshold used previously in the litera-
ture for electronic survey compliance [11]. This response rate
was then compared to our institution’s arthroplasty service
email registry, which queries patients at 4 weeks post-
operatively and automatically generates two follow-up weekly
reminder emails for patients who have not yet responded.

Statistical analysis was performed using the SAS software
package, version 9.4 (SAS Institute Inc., Cary, NC, USA).
Student t tests were performed for continuous data, and χ2 or
Fisher’s exact tests were performed for categorical data, as
appropriate. Odds ratios along with 95% confidence intervals
are reported for logistic regression analysis. Two-tailed
p values of < 0.05 were considered statistically significant.

Results

Patient Characteristics

The average age of the 183 patients enrolled was 59.4 ±
10.9 years. Average body mass index (BMI) was 29.4 ± 5.8,
and 87 (47.5%) patients were female. Of all patients enrolled,
44 (24.0%) underwent THA, 88 (48.1%) underwent TKA, 29
(15.8%) underwent lumbar microdiscectomy, and 22 (12.0%)
underwent lumbar decompression. Thirty-seven (20.2%) pa-
tients had a self-reported or medically diagnosed psychiatric
disorder, such as depression, anxiety, or history of substance
misuse or dependence; 28 (15.3%) patients reported intermit-
tent opioid use over the prior 6 months (Table 1).

Response Rates

Of the 183 patients enrolled, three were excluded from
analysis for either undergoing a secondary procedure in the
acute post-operative period or not being prescribed or taking
any opioid. Of the remaining 180 patients, 173 completed at
least 50% of the twice-daily SMS post-operative questions,
conferring an overall response rate of 96.1%. A logistic
regression analysis revealed that age (CI, 0.93–1.11), BMI
(CI, 0.81–1.03), gender (CI, 0.57–1.94), psychiatric history

(CI, 0.06–2.65), and history of intermittent pre-operative
opioid use (CI, 0.25–4.39) were not associated with failure
to respond to SMS surveys. The seven patients who did not
respond to the SMS survey questions underwent surgery by
five different surgeons, which confirms that response
remained high regardless of enrolling surgeon.

A review of institutional registry data for patients
undergoing THA and TKA between 2016 and 2017 re-
vealed a response rate of 66.63% (3516/5277) to an email
survey sent at 4 weeks after surgery (with two automated
weekly follow-up emails if no initial response was re-
ceived). This percentage includes both patients who
responded to the initial email and those who responded
only after one or two reminders. Compared to the registry
response rate, which captures outcomes at an overlapping
timeframe in an identical patient population, the SMS
system performs favorably with a significantly higher
response rate (p < 0.001).

Discussion

Patients view surgical outcomes differently from their physi-
cians, and certain elements of patient recovery can be best
ascertained through patient reports [2]. Within this context,
strategies to better engage patients and garner their perspectives
after surgery are needed to aid surgeons in better predicting and
improving the surgical outcomes most relevant to patients.
Among the outcomes considered important to patients after
surgery are pain and pain control [16]. This study explored
the use of an SMS survey system to collect patient-reported
pain levels, opioid consumption, and adverse effects in the acute
post-operative period after THA, TKA, and lumbar spine sur-
gery. The system recorded a very high response rate and has the
ability to capture granular data not seen with traditional phone,
email, or mail surveys. Such data will become increasingly
important given regulations on post-operative opioid prescrib-
ing and evolving patient expectations for quick recovery after
surgery. SMS messaging has been used previously in various
settings to facilitate healthcare communication and delivery,
including as appointment reminders, adjuncts to asthma symp-
tom reporting, and epidemiologic surveillance during a

Table 1 Patient characteristics

n ± SD %

Age 59.4 ± 10.9
BMI 29.4 ± 5.8
Gender
Male 96 52.5
Female 87 47.5

Surgery
THA 44 24.0
TKA 88 48.1
Lumbar decompression 22 12.0
Lumbar microdiscectomy 29 15.8

History of psychiatric disorder 37 20.2
History of intermittent opioid use 28 15.3

THA total hip arthroplasty, TKA total knee arthroplasty
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pandemic, among many others [1, 4, 5]. However, to our
knowledge, this is the first use of an SMS system to collect
patient-reported information on acute post-operative pain levels
and opioid consumption.

There were several limitations to this study and our SMS
platform. First, patients who do not own mobile phones
capable of receiving and sending SMS messages could not
participate. Second, an individual message could not exceed
160 characters, which limited the length and nature of ques-
tions we asked. Third, although the cost associated with
sending a text message is small, at $0.0075 per message, it
may vary depending on the service used and the volume of
messages sent. Fourth, patient information regarding registry
respondents was unavailable, and we cannot confirm that
those who participated in the email registry are similar to
those who participated in the SMS surveys. However, given
the large scope of the institutional email registry, the fact that
both patient groups were captured at the same hospital, and
that age, BMI, and gender for patients enrolled in this study
were similar to that of previously published data for all
patients undergoing these procedures, we believe it is rea-
sonable to compare these groups [6, 14]. Lastly, we did not
uncover clear predictors for who would and would not
respond to SMS surveys. A larger number of patients and
of patient characteristics may yield significant associations
that could better predict who may respond to SMS question-
naires after orthopedic surgery.

Historically, published response rates for large survey
studies vary significantly, and while no specific response
rate is considered universally valid, conclusions drawn from
surveys with low response rates are more likely to be affect-
ed by sampling bias. In general, response rates above 80 to
90% are viewed favorably [7]. The ability to collect daily or
twice-daily patient data outside of the hospital is largely
unprecedented. In that light, the use of SMS surveys to
collect acute post-operative patient-reported outcomes after
orthopedic surgery seems viable. Other important benefits of
an SMS data-capture system over traditional pen-and-paper
surveys include reducing office flow disruptions and
collecting more contemporaneous data and thus lowering
the potential for recall bias. Possible reasons for improved
patient response with the SMS system include the consis-
tently timed daily messages, a back-end system that notified
research staff of non-responsive patients, and the near ubiq-
uity of mobile phones in our society.

In conclusion, traditional forms of data collection are in-
adequate to answer patients’ questions about expectations in
the first days after hospital discharge or to help providers
understand opioid use in that post-surgical period. To our
knowledge, an SMS system that can provide real-time data
collection with high response rates on an outpatient basis is
unprecedented in the orthopedic literature. This novel SMS
platform represents an application of a widely available tech-
nology to improve the measurement of post-operative out-
comes after orthopedic surgery. This interactive SMS
platform could in turn be used to enhance patient counseling,
further our understanding of post-operative opioid use, and
prompt new research questions as previously unknown trends
are revealed.
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