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Abstract 
Purpose: Physical therapy (PT) patients have been shown to have greater sleep disturbances and poor sleep hygiene compared to the general 
population. Automated text messaging has emerged as one possible strategy to assist with improving sleep hygiene. The purpose of this study was 
to trial sleep hygiene education for improving PT patients’ sleep through the use of daily automated text messaging.

Methods: Adult PT patients completed an electronic survey consisting of five questionnaires: Pittsburgh Sleep Quality Index (PSQI), Sleep Hygiene 
Index (SHI), Patient Specific Functional Scale (PSFS), Perceived Stress Scale (PSS), and the Numeric Pain Rating Scale (NPRS). Participants were 
randomly assigned into groups. The intervention group received PT services along with daily text messages on sleep hygiene tips. The control group 
only received PT services. At the end of four weeks, questionnaires were repeated.

Results: A marginally significant difference was seen between conditions on the PSQI, F(1, 20) = 4.11, p = .056, np2 = .17. A significant effect 
difference between time of testing was seen on the SHI scale. F(1, 20) = 8.15, p = .010, np2 = .29, and the PSFS scale, F(1, 20) = 20.97, p < .001, np2 
= .58.

Conclusions: The intervention group was trending towards significance on the PSQI, suggesting improved sleep quality. Improvements were seen in 
sleep hygiene and overall function over the four weeks regardless of group assignment. It appears automated text messaging is a means to increase 
sleep function in PT patients, a larger sample size would confirm this finding.
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Introduction
Poor sleep is a major problem in the United States that may im-

pact overall health and quality of life. Many adults do not get the 
recommended 7 to 9 hours of sleep, with 35.2% of adults report-
ing sleeping on average less than 7 hours a night [1]. Individuals  

 
who get less than 7 hours of sleep per night are classified as short 
sleepers and have been found to have chronic health conditions in 
addition to being more likely to be obese, smoke, and be physical-
ly inactive in comparison to those who get an adequate amount of 
sleep [2].
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Past research has shown that many individuals experience 
some form of sleep related problem and overall poor sleep quality. 
Emerging research suggests a higher prevalence of these sleep dis-
turbances in outpatient physical therapy (PT) patients compared 
to the general population [3]. The findings suggested that 80% of 
participants reported poor sleep quality and greater than 50% re-
ported poor sleep hygiene and insomnia. Results also demonstrat-
ed that increased pain intensity was correlated with worsening 
sleep quality [3]. These outcomes highlight a need for sleep health 
education in this population.

There is a limited amount of literature on the topic of sleep 
interventions within the PT outpatient clinical setting. A recent 
systematic review and meta-analysis performed on the effects of 
exercise related PT interventions on sleep disorders in patients di-
agnosed with neurological diseases showed promising results [4]. 
Atlas and Demirdal examined the effect of PT modalities on pain, 
sleep, mental status, and quality of life compared to regular exer-
cise in patients with osteoarthritis [5]. Results indicated the PT 
intervention made a significant difference on pain, sleep, mental 
status, and quality of life. These results suggest that there may be 
a possible use for PT services in the aid of improving sleep health, 
function, and overall quality of life [5].

Various interventions have been used to assess behavioral 
changes surrounding sleep [6-17]. Text messaging has the potential 
to be an effective tool when it comes to behavior change related 
to sleep in healthy college students [18]. Automated text messag-
ing is an efficient and inexpensive method of delivering support in 
various health related topics to induce behavior change resulting 
in better function, reduced pain, and improved quality of health 
[18-20]. The researchers of the current study hypothesized that 
patients receiving daily text messages in addition to PT services 
would demonstrate improved quality of sleep, sleep hygiene, stress, 
pain, and function compared to the control condition including pa-
tients only receiving PT services.

Methods

Participants
Individuals currently seeking outpatient PT services were re-

cruited to participate in the study from an outpatient PT clinic in 
the Midwest part of the United States. Flyers were placed at the 
front desk within the PT clinic and information about the study 
was provided to patients at their initial evaluation by their physical 
therapist. Twenty-two individuals who volunteered to participate 
in the study were randomly assigned to either a control group or 
intervention group. The study took place from September 1, 2021, 
to May 1, 2022, with each participant taking part in the study for a 
four-week period.

Participants were eligible for the study if they were an adult 18 
years of age or older and currently receiving outpatient PT services 
for a minimum of four weeks. Participants were excluded from the 
study if they did not have access to a computer or smartphone that 
could receive automated text messaging services. The survey pro-
vided to participants was created using the PsychData platform. 
After consenting to participate in the present study, each individu-
al was instructed by the Principal Investigator’s research assistant 
on how to access the survey using an electronic tablet provided to 

them at the clinic during their initial and follow-up appointments. 
This study was conducted in accordance with the university Insti-
tutional Review Board.

Materials and Dependent Measures
The survey was composed of a demographic information sec-

tion followed by five subjective questionnaires: Pittsburgh Sleep 
Quality Index (PSQI) [21], Sleep Hygiene Index (SHI) [22,23], Per-
ceived Stress Scale (PSS) [24], Numeric Pain Rating Scale (NPRS) 
[25,26], and the Patient-Specific Functional Scale (PSFS) [27-29]. 
Participants were asked to provide the following demographic in-
formation: age, sex, employment status, marital status, the highest 
level of completed education, race, reasons for seeking PT, length 
of time the participant had the current issue they were seeking PT 
for, average pain in the last week, conditions being treated for, and 
a list of current medications. The five questionnaires were used to 
evaluate the individual’s recent sleep behavior, sleep quality, stress 
level, and function with a self-chosen activity. Each questionnaire 
used in this study has proven to be a reliable form of acquiring data 
in past studies and a great means for comparison between initial 
and follow up visits [12,21,22,24,27].

The Pittsburgh Sleep Quality Index (PSQI) is a self-rated ques-
tionnaire containing twenty-four items that give seven component 
scores for subjective sleep quality, sleep latency, sleep duration, ha-
bitual sleep efficiency, sleep disturbances, use of sleeping medica-
tion, and daytime dysfunction over a one-month time period. The 
sum of the nineteen self-reported scores is divided into the seven 
components and then added together to yield a single global score 
ranging from zero to twenty-one, with a higher score indicating 
poorer sleep quality. A global PSQI score greater than five yielded 
a diagnostic sensitivity of 89.6% and specificity of 86.5% in dis-
tinguishing individuals with “poor” sleep quality from individuals 
with “good” sleep quality [21].

The Sleep Hygiene Index (SHI) is a thirteen-item self-report 
survey, designed to assess sleep hygiene behaviors. Each question 
has a scale of zero (never) to four (always). Thus, each item was 
rated on a five-point scale. Participants could receive total scores 
ranging from thirteen to sixty-five. A higher score indicated poorer 
sleep hygiene. Reliability across populations for the SHI has been 
found on multiple occasions, with results showing a strong correla-
tion to sleep quality and perception of daytime sleepiness [22,23].

The Perceived Stress Scale (PSS) is a brief stress assessment 
questionnaire that is highly regarded in its ability to outline how 
perception of a situation can influence how one scores themselves 
and whether they are placed in a low, moderate, or a high stress cat-
egory. Participants were asked questions regarding their feelings 
and thoughts during the past month. Each question was scored on a 
five-point scale from zero (never) to four (very often). Participants 
received a total score rated on a scale of zero to forty. A score of zero 
to thirteen indicated low perceived stress, fourteen to twenty-six 
represents moderate perceived stress, and twenty-seven to forty 
suggests high perceived stress [24].

The Patient-Specific Functional Scale (PSFS) is a questionnaire 
used to assess functional disability and changes in performance ac-
tivities of daily living. This questionnaire asked patients to list at 
least three activities they were unable to do or had difficulty doing 
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as a result of the problem/injury they were being seen for. Patients 
then rated each of these activities on an eleven-point scale from 
zero to ten. A score of zero meant the patient was unable to perform 
the activity while a score of ten meant they were able to perform 
the activity at the same level as before injury or problem. In the 
follow-up assessment, patients rated the same activities they had 
listed previously in their initial visit. The PSFS provided a means to 
track patients’ functional ability with specific activities from begin-
ning to the end of the sleep study, showing if any significant change 
had been made over the course of the study. The PSFS has shown to 
be a useful and reliable tool for clinical studies due to its consisten-
cy and responsiveness [27-29].

The Numeric Pain Rating Scale (NPRS) is a self-report pain as-
sessment used on patients in primary care settings as well as in 
clinical studies. The NPRS has been confirmed to be a valid mea-
surement of pain intensity in populations with known and chronic 
pain. It also has been shown to produce moderately accurate re-
sults. Participants within the current study used the NPRS to rate 
their pain on a scale from zero (no pain) to ten (intense pain). This 
pain scale was used in both the initial and follow-up assessments 
to examine if any improvements had been made in association with 

sleep hygiene tips [25,26].

Data Analysis
The researchers ran a series of mixed analysis of variance 

(ANOVA) models with our condition (intervention vs. control) as 
the between-subjects independent variable and time as our with-
in-subjects variable. The pre- and post-scores for our five scales 
(PSQI, SHI, PSFS, PSS, and NPRS) served as our dependent vari-
ables. Significance was set at 0.05. IBM SPSS version 26 software 
was used for all data analyses.

Results

Participants
The researchers recruited 22 individuals (68% females) to par-

ticipate in the present study. The average age of participants was 
60 years (SD = 14.31, participant age ranged from 32 to 78 years). 
Participants were recruited from a Midwestern PT clinic. The 22 
participants (11 in each group) were then randomly assigned to ei-
ther the control or experimental group. Initial data collection was 
performed, and demographic data was collected (Tables 1&2).

Table 1: Demographics. N = Number. F = female, M = Male. + able to select more than 1; *full description is “unemployed but formerly employed, 
expect to be employed in the future, or currently looking for a job; %full description is “not looking for a job but working as a homemaker or doing work 
on a volunteer basis.

N (%) Mean (SD)range N (%) N (%) N (%) N (%) N (%)

Sex Age (years) Race+ Ethnicity Highest Education 
Level Completed Employment Status Marital Status

15 (68) 
F 

7 (32) 
M

60 (14.31) 32-78

22 (100) White 
1 (5) Black/African 

American 
0 (0) Asian 

0 (0) American Indian 
or Alaskan Native Native 

Hawaiian 
1 (5) Other Pacific 

Islander 
0 (0) Other

21 (96) Not His-
panic or Latino 

0 (0) Hispanic or 
Latino 

1 (5) Other

0 (0) Less than high 
school degree 

3 (14) GED or High 
School Diploma 

4 (18) Some college 
classes, no degree 

0 (0) Associate’s De-
gree/ 2-year degree 

5 (23) Bachelor’s De-
gree/ 4-year degree 

6 (27) Master’s 
Degree 

3 (14) Doctoral 
Degree 

1 (5) Other

0 (0) Employed part-
time 

10 (46) Employed 
full-time 

8 (36) Retired 
0 (0) Unemployed* 
2 (9) Not working%

14 (64) Married 
0 (0) Single 

1 (5) Living with 
partner 

4 (18) Divorced/ sep-
arated 

2 (9) Widowed

Table 2: Comorbid health conditions and reason for seeking PT services. +able to select more than 1.

Comorbid Health Condition+ Reason for seeking physical therapy Length of time had current issue Numeric Pain Rating Scale

N (%) N (%) N (%) Mean (range)

7 (32) Depression/anxiety 
1 (5) Fibromyalgia, 

4 (18) Chronic Pain Condition, or 
Frequent Headaches/Migraines 

1 (5) Lung disease Asthma 
7 (32) Arthritis 

1 (5) Cancer 
8 (36) Cardiovascular Disease 

1 (5) Diabetes 
0 (0) Kidney Disease 

2 (9) Neurologic Disease 
4 (18) Thyroid Disease 

2 (9) Other

5 (23) Back pain/injury 
4 (18) Shoulder pain/injury 

4 (18) Knee pain/injury 
1 (5) Neck pain/injury 
0 (0) Hip pain/injury 

1 (5) Wrist pain/injury 
0 (0) Ankle pain/injury 

3 (14) Post-surgical care 
0 (0) Chronic widespread pain 

0 (0) Preventive care 
4 (18) Other

1 (5) <1 week 4 
(18) 2-4 weeks 3 
(14) 4-8 weeks 5 

(23) 8 weeks to 4 months 
2 (9) 4 months to 1 year 
6 (27) More than 1 year 

1 (5) Other

Initial visit 3 (0-9) Follow-up 2 
(0-8)
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Survey
The data suggest there was no significant effect of time on the 

PSQI scale, F (1, 20) = 3.61, p = .072, np
2 = .15. However, there was 

a marginally significant difference between conditions on the PSQI, 
F (1, 20) = 4.11, p = .056, np

2 = .17. Participants assigned to the 

text message intervention (M = 14.82, SE = 1.19, 95% CI = [12.34, 
17.30]) had lower PSQI scores, meaning better sleep quality, com-
pared to the control group who only received traditional PT ser-
vices (M = 18.23, SE = 1.19, 95% CI = [15.75, 20.71]). No interaction 
between condition and time was observed for the PSQI, F (1, 20) = 
1.24, p = .280, np

2 = .06 (Figure 1).

Note: We observed a marginally significant difference between conditions on the PSQI, F (1, 20) = 4.11, p = .056, np2 = .17.
Figure 1: Participants assigned to the intervention (EMM = 14.82, SE = 1.19, 95% CI = [12.34, 17.30]) had lower PSQI scores, meaning better 
sleep quality, compared to the control condition (EMM = 18.23, SE = 1.19, 95% CI = [15.75, 20.71]).

We did not find a significant effect of time on the NPRS scale, F 
(1, 20) = 2.49, p = .130, np

2 = .11. Further, there was no significant 
difference between the conditions on the NPRS scale, F (1, 20) = .58, 

p = .456, np
2 = .03. No interaction between condition and time was 

observed for the NPRS scale, F (1, 20) = .46, p = .506, np
2 = .02

Note: We observed a significant effect of time on the SHI scale, F (1, 20) = 8.15, p = .010, np2 = .29.
Figure 2: Participants’ post-scores (M = 24.64, SD = 5.04) were lower than their pre-scores (M = 27.77, SD = 5.69). These results suggest 
participants’ sleep hygiene improved over time.
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Data showed a significant effect of time on the SHI scale, F (1, 
20) = 8.15, p = .010, np

2 = .29. Participants’ post-scores (M = 24.64, 
SD = 5.04) were lower than their pre-scores (M = 27.77, SD = 5.69). 
These results suggest participants’ sleep hygiene improved over 
time (Figure 2). No significant difference between conditions was 
observed for the SHI scale, F (1, 20) = .27, p = .608, np

2 = .01. No 
interaction between condition and time was observed for the SHI, F 
(1, 20) = .39, p = .539, np

2 = .02.

There was significant effect of time on the PSFS scale, F (1, 20) 
= 20.97, p < .001, np

2 = .58. Participants’ post-scores (M = 6.46, SD = 
2.17) were higher than their pre-scores (M = 3.47, SD = 2.54), sug-
gesting that participants’ function improved over time (Figure 3). 
We did not observe a significant difference between conditions on 
the PSFS, F (1, 20) = .06, p = .805, np

2 = .004, nor was there a signif-
icant interaction between condition and time on this measure, F (1, 
20) = .03, p = .877, np

2 = .002. 

Note: We observed a significant effect of time on the PSF scale, F (1, 20) = 20.97, p = .001, np2 = .58.
Figure 3: Participants’ post-scores (M = 6.46, SD = 2.17) were higher than their pre-scores (M = 3.47, SD = 2.54), suggesting that participants’ 
function improved over time.

Note: We observed a marginally significant effect of time on the PSS scale, F (1, 20) = 4.07, p = .057, np2 = .58.
Figure 4: Participants’ post-scores (M = 10.50, SD = 7.45) were lower than their pre-scores (M = 13.41, SD = 5.74), suggesting that participants’ 
stress depreciated over time.
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We observed a marginally significant effect of time on the PSS 
scale, F (1, 20) = 4.07, p = .057, np

2 = .58. Participants’ post-scores 
(M = 10.50, SD = 7.45) were lower than their pre-scores (M = 13.41, 
SD = 5.74), suggesting that participants’ stress depreciated over 
time (Figure 4). There was not a significant difference between con-
ditions on the PSS, F (1, 20) = 3.15, p = .091, np

2 = .14. No interaction 
between condition and time was observed for the PSS, F (1, 20) = 
1.92, p = .181, np

2 = .09.

Discussion 
The primary focus of the study was to examine the effective-

ness of automated text messaging on sleep health in outpatient PT 
patients over the course of a four-week period. The researchers’ 
hypothesis was that patients receiving daily text messages would 
demonstrate improved quality of sleep, sleep hygiene, stress, pain, 
and function compared to patients receiving traditional PT ser-
vices. The results of the study indicate that participants receiving 
automated text messages in addition to receiving traditional PT 
services showed improvements in sleep quality as indicated by the 
PSQI at near significant levels. Both the intervention and control 
groups showed improvements in sleep hygiene and overall function 
from pre- to post-scores. Collectively, the results demonstrate that 
PT interventions combined with automated text messaging may 
have an improvement in patient’s sleep quality, however PT alone 
may be enough to improve sleep hygiene and overall function. This 
improvement sleep hygiene and overall function echoes the results 
of previous research in this area by Atlas and Demirdal, demon-
strating that PT interventions can make a significant difference on 
pain, sleep, mental status, and quality of life [5].

Although the results of the intervention group did not reach a 
statistical level of significance on the PSQI for overall sleep quali-
ty, it was trending that way. Our findings add to previous research 
which has indicated that PT exercises and modalities can have a 
positive impact on sleep. Moreover, PTs are positioned to make a 
positive impact on their patient’s sleep habits and quality of sleep 
[4,5].

Clinical Relevance
Based on the data from the current study, practicing clinicians 

may start to have a better understanding of what types of inter-
ventions best help their patients achieve good sleep quality and 
hygiene. The current study suggests that PT can be beneficial for 
improving patient’s function which is often the number one reason 
why patients present to PT clinics. This study also demonstrated 
that PT in general may be positively impacting patient’s sleep hy-
giene practices although further studies are needed to explore the 
best interventions to elicit substantial change in this area.

Limitations
There were a few limitations for this study. The sample size 

was small and potentially led to underpowered statistical analyses. 
Also, only those with the means to attend PT services at a private 
outpatient clinic were eligible to participate which might exclude 
people of lower socioeconomic status. In addition, no long-term fol-
low-ups were performed so lasting sleep behavior changes are still 

unknown. Lastly, in previous research, text message interventions 
were successful in healthy young adults, however our population 
was much older with the average age being sixty years old, there-
fore we may not have seen as advantageous results as previous 
studies [18,20].

Future Research
Future research should continue to explore various sleep be-

havior change strategies to improve the quality of sleep of PT pa-
tients. This research could focus on additional randomized control 
trials aimed at finding the most effective and consistent interven-
tions by including more long-term follow-ups as part of the study. 
Additionally, research could explore objectively tracking sleep 
changes through the use of sleep wearable trackers.

Conclusion
Physical therapy demonstrated positive changes in sleep hy-

giene, patient function, and overall sleep quality. The additional 
use of daily text messages caused a trend towards further improve-
ments in sleep quality compared to traditional PT alone. Research 
demonstrates that sleep is an important aspect of overall health, 
and that sleep is often disturbed in PT patients; this study pro-
vides some initial insight into which interventions may be best for 
practicing clinicians to use for improving this disturbance in sleep. 
Further research is needed with larger sample sizes and more long-
term follow-ups; however, this study is a great first step into under-
standing PT best practices for improving our patient’s sleep.
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