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Abstract
Background The use of animals to augment traditional
medical therapies was reported as early as the 9th century
but to our knowledge has not been studied in an orthopaedic patient population. The purpose of this study was to
evaluate the role of animal-assisted therapy using therapy
dogs in the postoperative recovery of patients after THA
and TKA.
Questions/purposes We asked: (1) Do therapy dogs have
an effect on patients’ perception of pain after total joint
arthroplasty as measured by the VAS? (3) Do therapy dogs
have an effect on patients’ satisfaction with their hospital
stay after total joint arthroplasty as measured by the Hospital Consumer Assessment of Healthcare Providers and
Systems (HCAHPS)?
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Methods A randomized controlled trial of 72 patients
undergoing primary unilateral THA or TKA was conducted. Patients were randomized to a 15-minute visitation
with a therapy dog before physical therapy or standard
postoperative physical therapy regimens. Both groups had
similar demographic characteristics. Reduction in pain was
assessed using the VAS after each physical therapy session,
beginning on postoperative Day 1 and continuing for three
consecutive sessions. To ascertain patient satisfaction, the
proportion of patients selecting top-category ratings in each
subsection of the HCAHPS was compared.
Results Patients in the treatment group had lower VAS
scores after each physical therapy session with a final
VAS score difference of 2.4 units (animal-assisted therapy
VAS, 1.7; SD, 0.97 [95% CI, 1.4–2.0] versus control
VAS, 4.1; SD, 0.97 [95% CI, 3.8–4.4], p \ 0.001) after
the third physical therapy session. Patients in the treatment group had a higher proportion of top-box HCAHPS
scores in the following fields: nursing communication (33
of 36, 92% [95% CI, 78%–98%] versus 69%, 25 of 36
[95% CI, 52%–84%], p = 0.035; risk ratio, 1.3 [95% CI
of risk ratio, 1.0–1.7]; risk difference, 23% [95% CI of
risk difference, 5%–40%]), pain management (34 of 36,
94% [95% CI, 81%–99%], versus 26 of 36, 72% [95%
CI, 55%–86%], p = 0.024; risk ratio, 1.3 [95% CI of risk
ratio, 1.1–1.6]; risk difference, 18% [95% CI of risk
difference, 5%–39%]). The overall hospital rating also
was greater in the treatment group (0–10 scale) (9.6; SD,
0.7 [95% CI, 9.3–9.8] versus 8.6, SD, 0.9 [95% CI,
8.3–8.9], p \ 0.001).
Conclusions The use of therapy dogs has a positive effect
on patients’ pain level and satisfaction with hospital stay
after total joint replacement. Surgeons are encouraged to
inquire about the status of volunteer-based animal-assisted
therapy programs in their hospital as this may provide a
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means to improve the immediate postoperative recovery
for a select group of patients having total joint arthroplasty.
Level of Evidence Level II, randomized controlled study.
See Instructions for Authors for a complete description of
levels of evidence.
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(3) Is use of animal-assisted therapy associated with a
greater proportion of highest ratings in HCAHPS hospital
satisfaction scores after total joint arthroplasty?

Patients and Methods
Introduction

Study Design and Setting

Animal-assisted therapy is defined by the American Veterinary
Medical Association as ‘‘a goal-directed intervention in
which an animal, meeting specific criteria, is an integral
part of the treatment process’’ [4]. One study focused on
the use of dogs in a therapeutic capacity [9]. This is
attributable in large part to the fact that dogs seem particularly well suited for this role and because dog and
handler teams are inherently more accessible than other
species [9, 11, 19]. Therapy dogs have been shown to be
efficacious in the treatment for a wide range of patients
from children recovering from surgical procedures to
adults with congestive heart failure [1, 7, 8, 14, 16, 23, 25,
31, 35, 37]. As the popularity of animal-assisted therapy
has increased, practice-based guidelines have been developed
to assist hospitals and nursing homes with implementation
of safe and effective programs [29, 47]. Although there was
initial concern regarding the risk of zoonotic infections
with hospitalized patients, two longitudinal studies with
thousands of patients have not shown a zoonotic infection
or adverse event [26, 30].
Despite its widespread use, animal-assisted therapy, to
our knowledge, has not been studied in an orthopaedic
population. The population undergoing total joint
arthroplasties most closely resembles other populations
shown to derive benefit from animal-assisted therapy
owing to its high volume and focus on postoperative
physical therapy [16]. The effect of animal-assisted therapy
is mediated by a patient’s impression of the interaction and
thus is best evaluated using validated measures of pain
(VAS) and hospital satisfaction (Hospital Consumer
Assessment of Healthcare Providers and Systems
[HCAHPS]) which focus on these subjective aspects of a
patient’s hospitalization.
The purpose of this study was to evaluate the role of
animal-assisted therapy, using therapy dogs, during the
immediate postoperative period after THA and TKA. We
hypothesized that patients receiving animal-assisted therapy would perceive lower pain levels after physical therapy
and greater satisfaction with their hospital stay than matched control subjects.
This study attempts to answer the following questions:
(1) Does animal-assisted therapy using dogs decrease
patients’ pain after THA and TKA as measured by VAS?

Approval was obtained from our institutional review board
for a randomized controlled trial. We performed a prospective randomized controlled study from August 2013 to
September 2013 at a tertiary care hospital in an urban
environment.

Participants/Study Subjects
The operative schedule for all involved surgeons was
screened by the principal investigator (CMH). All patients
meeting inclusion criteria were invited to participate
through a letter and followup telephone call. Confirmation
of enrollment was made after obtaining informed consent
on postoperative Day 1.

Inclusion/Exclusion Criteria
The inclusion criteria were (1) age older than 18 years; (2)
unilateral primary THA or TKA; (3) ability to read, write,
and speak English; and (4) ability to provide informed
consent. Exclusion criteria were (1) fear of dogs; (2)
allergy to dogs or dog dander; (3) active immunosuppression or a preoperative white blood cell count less than 4500
cells/lL; (4) patients undergoing chemotherapy; (5)
patients with a positive test for methicillin-resistant
Staphylococcus aureus, vancomycin-resistant Enterococcus, or Clostridium difficile; (5) patients in shared rooms
whose roommates objected to having a dog in the room; (6)
patients with symptoms of delirium or those not oriented to
person, place, and time; (7) patients scheduled to be ‘‘fast
tracked’’ or discharged on postoperative Day 1; and (8)
patients randomized to the treatment arm whose roommate
was serving as a control subject.
Basic demographic information including age, sex,
comorbidities, prior total joint arthroplasty, and current dog
ownership was collected from patients and their medical
records. Comorbidities were estimated with the Charlson
Comorbidity Index, which provides a weighted score to
predict short- and long-term outcomes taking into account
the number and severity of predefined comorbid conditions
[13].

123

374

Clinical Orthopaedics and Related Research1

Harper et al.

Assessed for eligibility (n = 95)
Excluded (n = 11)
Did not meet inclusion criteria (n = 11)
1 - Active immunosuppression
3 - MRSA positive
4 - Allergic
3 - Randomized to treatment when
roommate was a control

Eligible (n = 84)

Excluded (n = 12)
Declined to participate (n = 12)
Randomized (n = 72)

Treatment Group (n = 36)
Received animal-assisted therapy
(n = 36)
Did not receive animal-assisted
therapy (n = 0)

Control Group (n = 36)
Received standard physical therapy (n = 36)
Did not receive standard physical therapy (n = 0)

Lost to followup (n = 0)
Discontinued intervention (n= 0)

Lost to followup (n = 0)
Discontinued standard physical therapy (n = 0)

Analyzed (n = 36)
Excluded from analysis (n = 0)

Analyzed (n = 36)
Excluded from analysis (n = 0)

Fig. 1 Eighty-five percent of eligible patients elected to enroll in the study. There was no crossover or loss to followup. MRSA = methicillinresistant Staphylococcus aureus.

Randomization

Treatment

Patients were randomized to visitation with a therapy dog
or no visitation with the use of a computer-driven randomizing equation. Patients were enrolled and randomized
sequentially.

Our institution has a standardized physical therapy protocol
for patients undergoing THA and TKA. Patients undergo
physical therapy at the bedside twice per day on postoperative Day 1. On postoperative Day 2, patients undergoing
TKA receive two physical therapy sessions, whereas
patients undergoing THA receive an occupational therapy
session in the morning and a physical therapy session in the
afternoon. Both patient populations typically are discharged home or to a rehabilitation facility at the end of
postoperative Day 3. Thirty minutes before undergoing a
physical therapy session, patients were visited by the
therapy dog and handler (CMH) team. The dog was a 5year-old curly-coated retriever named Holden (Fig. 2), and
the handler was an orthopaedic surgery resident. Both dog
and handler were certified through Therapy Dogs International. The same dog and handler were used for all
interactions. The experimental group received the animalassisted therapy, which consisted of a 15-minute visit following a standard animal-assisted therapy protocol [16,
27]. Before starting the visit, the patient and the handler
washed their hands. The handler introduced himself and sat
in a chair or stood approximately 1.2 m (4 feet) from the

Description of Experiment, Treatment, or Surgery
From August 2013 to September 2013, 95 patients were
assessed for eligibility, and 84 of them were found to be
eligible for the study. We enrolled 72 (85%) patients (35
THAs and 37 TKAs). Thirty-four of the patients who
had THAs and 36 of the patients who had TKAs were
placed in double rooms while one patient who had a
THA and one who had a TKA were placed in single
rooms. Of the patients who elected not to enroll, six did
not like dogs, four had family members who were
allergic and elected not to participate, and two stated that
their family did not like dogs. There were no dropouts,
crossover, or loss to followup in either the control or the
treatment arm (Fig. 1).
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was selected because, as of October 2012, the Center for
Medicare & Medicaid Services is distributing funds to
hospitals based on several quality measures, of which 30%
is based on patients’ rating of their hospital experience
through HCAHPS, although questions still remain regarding the validity of HCAHPS [46, 48]. Results were
recorded based on the percentage of ‘‘top box’’ scores (the
highest possible score in each category).

Statistical Analysis, Study Size
Sample Size Estimations

Fig. 2 The therapy dog in our study, a 5-year-old curly-coated
retriever named Holden, is shown.

patient’s head letting the patient know that the visit would
last for 15 minutes if the patient was amenable to it. After
hands were cleansed, visitations followed a standard series
of events: (1) the dog sat by the patient’s bed or chair with
its head within reach; and (2) patients were permitted to pet
the dog and talk to the dog and the volunteer. Conversations between participants and the dog’s handler generally
focused on the dog (breed, age, training) and dog-related
topics. Postoperative management and medical discussions
specific to the patient were discouraged. Then, (3) the
patient and handler washed their hands after the visit. No
patient requested to end any earlier than 15 minutes. After
the visitation, patients underwent physical therapy per
hospital protocol. This same protocol was followed for
each visitation. All patients received three visitations.
Patients assigned to the control group underwent physical therapy per hospital protocol without any changes to
the normal hospital routine.

Variables, Outcome Measures, Data Sources, and Bias
Outcome Assessment
Immediately after the first, second, and third physical
therapy sessions (on postoperative Days 1 and 2) and
before administering analgesic medication, nursing staff
administered a standard VAS form for pain to the patients
in which a mark was made indicating the patients’ current
level of pain [17]. At the time of discharge, patients were
given the Hospital Consumer Assessment of Healthcare
Providers and Systems survey (HCAHPS) [12]. HCAHPS

Given an expected difference between the two treatment
groups on the VAS equaling 1 SD, power analysis indicated
that a sample size of 46 patients (23 per group) would
provide 90% power using a two-sample t-test and a twotailed a (Type I error) level of 0.05. Standard deviation was
estimated at 2 and minimum clinically important difference
was estimated at 1.3 (increased to 2 to improve specificity)
based on prior studies [22, 45]. To ensure sufficient power,
we increased the required number by 10% to account for
10% possible dropout or loss to followup and therefore
planned to enroll a minimum of 51 patients in this study (46/
0.9 = 51). We designated this study at 90% power based on
our rationale of wanting to capture with high probability a
clinically important improvement as measured on the VAS
(difference greater than or equal to 2) [45].

Statistical Analysis
Student’s t-test and Fisher’s exact test were used to compare the baseline characteristics between patients in the
treated group and the control group. We also used Student’s t-test and Fisher’s exact test to assess the
associations between HCAHPS scores and therapy dog
treatment.
We used a multivariate longitudinal regression model to
examine the effect of the therapy dog intervention on
postoperative VAS pain levels measured at three physical
therapy sessions after the surgery. In this mixed-effect
regression model, we accounted for correlated repeated
measures within subjects. The primary outcome is VAS
pain level measured on postoperative Days 1 and 2. The
independent variables include treatment status (therapy dog
treatment versus control), time (ordinal variable for the
times of the physical therapy sessions), and the interaction
of treatment status by time (which represents the additional
change of VAS level with each additional unit of time
among treated subjects relative to those in the control
group).
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Table 1. Patient demographics
Variable

Treatment
n = 36

Control
n = 36

p value

Age (years)*

67 ± 10

66 ± 11

0.64

Male

16 (44%)

14 (39%)

0.81

Female

20 (56%)

22 (61%)

20 (56%)

22 (61%)

Left
Joint

16 (47%)

14 (39%)

Hip

19 (53%)

16 (44%)

Knee

17 (47%)

20 (56%)

TST

9 (25%)

7 (19.5%)

JW

12 (33.3%)

12 (33.3%)

JR

8 (22.2%)

9 (25%)

GWB

Gender

Laterality
Right

0.81

0.64

Surgeon
0.95

7 (19.5%)

8 (22.2%)

Prior joint replacement

8 (22%)

9 (25%)

1.0

Charlson Comorbidity
Index*

3.9 ± 1.9

3.5 ± 1.8

0.35

Current dog owner
Length of stay (days)*

10 (28%)
2.3 ± 0.5

10 (28%)
2.5 ± 0.5

1.0
0.62

Physical therapy refusal

2/108 (1.8%)

3/108 (2.7%)

1.0

* Mean ± SD; sum of all refusals for every patient in group.

Demographics, Description of Study Population
A total of 72 patients participated in the study (36 treatment and 36 control). All patients underwent three
visitations with the therapy dog for a total of 108 visits. All
visitations lasted 15 minutes. There were no demographic
differences between groups regarding age, sex, laterality,
hip or knee replaced, operating surgeon, history of prior
joint arthroplasty, Charlson Comorbidity Index, dog owner
status, length of stay, and proportion of patients who
refused occupational or physical therapy (three owing to
nausea and two owing to hypotension) (Table 1).

Results

Fig. 3 The VAS for the animal-assisted therapy group after physical
therapy was significantly lower than that of the control group at three
times *Session 1: 5.2 ± 1.5 versus 7.1 ± 1.3, p \ 0.001; *Session 2:
3.05 ± 1.3 versus 5.8 ± 0.74, p \ 0.001; *Session 3: 1.71 ± 0.88
versus 4.07 ± 1.05, p \ 0.001.The bars indicate standard error.
AAT = animal-assisted therapy.

difference was maintained during the three physical therapy sessions with a final VAS score difference of 2.4 units
(animal-assisted therapy, 1.7; SD, 0.97 [95% CI, 1.4–2.04]
versus control, 4.1; SD, 0.97; [95% CI, 3.77–4.41], p \
0.001) after the third physical therapy session (Fig. 3).
Additionally, patients undergoing animal-assisted therapy
had a more rapid decrease in VAS between the first and
second physical therapy sessions (5.2; SD, 1.4 [95% CI,
4.2–5.64] to 3.1; SD, 1.08 [95% CI, 2.7–3.4] versus 7.2;
SD, 1.4 [95% CI 6.71–7.63] to 5.9; SD, 1.08 [95% CI,
5.54–6.24]) compared with control subjects (p = 0.003 for
the interaction between treatment and the interval between
first and second sessions). Specifically, between the first
two physical therapy sessions, the treated group had 0.85
units (95% CI, 0.34–1.36) more decrease in VAS pain than
the control group. From Session 1 to Session 3, however,
the average decrease in VAS pain was 3.1 units in the
control group (7.2 to 4.1) and 3.5 units in the treatment
group (5.2–1.7), which was not significant (p = 0.10).
We performed a separate subgroup analysis within
treatment groups and found no difference between VAS
scores between patients undergoing THA or TKA at any of
the three physical therapy sessions (physical therapy Session 1 animal-assisted therapy: hip, 5.1, SD, 1.4; versus
knee, 5.2, SD, 1.7; p = 0.72. Control hip, 7.3, SD, 0.81;
versus knee, 7.0, SD, 1.5; p = 0.29).

Do Therapy Dogs Have an Effect on Patients’
Perception of Pain After Surgery?
Patients undergoing animal-assisted therapy had lower
VAS scores for each session compared with control subjects. After the first session the treatment group (VAS, 5.2;
SD, 1.4; 95% CI, 4.71–5.64) had an average VAS pain
score two units lower than that of the control group (VAS,
7.2; SD, 1.4; [95% CI, 6.71–7.3], p \ 0.001). This
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Do Therapy Dogs Have an Effect of Patients’
Satisfaction With The Hospital Stay?
The treatment group had a higher proportion of top box
scores in the categories of nursing communication (33 of
36, 92% [95% CI, 78%–98%] versus 25 of 36, 69% [95%
CI, 52%–84%], p = 0.035; risk difference, 23% [95% CI,
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Fig. 4 The Hospital Consumer Assessment of Healthcare Providers
and Systems survey (HCAHPS) showed the treatment group had a
greater proportion of top box scores for *Nursing Communication (33
of 36 [92%] versus 25 of 36 [69%], p = 0.03) and *Pain Management

(34 of 36 [94%] versus 26 of 36 [72%], p = 0.02) compared with the
control group. The bars indicated 95% CI. AAT = animal-assisted
therapy.

5%–40%); and pain management (34 of 36, 94% [95% CI,
81%–99%] versus 26 of 36, 72% [95% CI, 55%–86%],
p = 0.024; risk difference, 18% [95% CI, 5%–39%)
compared with the control group. Overall hospital rating
was found to be significantly higher in the treatment group
compared with the control group (9.6, SD, 0.7 [95% CI,
9.3–9.8] versus 8.6, SD, 0.9 [95% CI, 8.3–8.9], p \ 0.001)
compared with the control group. The categories of doctor
communication (29 of 36, 81% [95% CI, 64%–92%] versus
28 of 36, 78% [95% CI, 61%–90%], p = 1.0), cleanliness
and quietness of the hospital environment (18 of 36, 50%
[95% CI, 34%–66%] versus 19 of 36, 53% [95% CI, 37%–
69%], p = 1.0), and hospital recommendation (36 of 36
[100%] versus 36 of 36 [100%], p = 1.0) showed no difference between the groups regarding the percentage of top
box scores (Fig. 4).
No adverse events or surgical site infections occurred as
of 12 months postoperatively.

postoperative period resulted in substantial improvement in
VAS pain scores and HCAHPS scores compared with
standard postoperative protocols which served as controls.
This study has several limitations. Although our study is
randomized, it was not possible to blind patients to treatment because of its interactive nature. The greatest
limitation to our study was that one dog and handler
(CMH) team was used for our treatment group. While
reducing treatment heterogeneity this limits the studies’
external validity and thus its generalizability to a broader
population (particularly because the handler also was an
orthopaedic resident). Owing to the unique characteristics
of each dog and handler team we would anticipate variability in patient response to different teams. We did not
assess the effect that visitation with a handler alone had on
patients. This decision was based on previous work, which
showed that response to a dog and handler team was
greater than that of the response to a handler alone [16].
Finally, we did not control for the amount or timing of
analgesic administration but attempted to mitigate the
effect of any variation by administering VAS scores before
analgesic delivery. Although unlikely to serve as a confounding factor as a result of the randomization of patients
and the strong effect seen in the treatment arm, this variable could have an effect on outcomes.
Patients receiving animal-assisted therapy before physical therapy showed lower VAS pain scores after each
session compared with matched control subjects. The effect
was cumulative with pain scores declining with subsequent
sessions at a greater rate than for control subjects. Using

Discussion
Daily interaction with dogs has been shown to have measurable health benefits [2, 3, 5, 21]. Therefore, the use of
dogs in a clinical setting was a logical step and has been
shown to be beneficial for a wide range of patients [1, 14,
23, 25, 35, 37]. To our knowledge, our study is the first to
evaluate the role of therapy dogs in the acute postoperative
period after total joint arthroplasty. We found that the
inclusion of animal-assisted therapy during the immediate
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animal-assisted therapy as an adjunct for pain control has
been studied in pediatric and adult populations [1, 8, 23,
24]. Instituting a therapy dog program has been shown to
decrease the amount of narcotics required by pediatric
patients experiencing sickle cell crisis and the overall
amount of narcotic drugs consumed by geriatric patients in
a long-term rehabilitation setting [32, 43]. Marcus et al.
[34] reported that 23% of adult patients with chronic pain
achieved ‘‘clinically meaningful’’ pain relief when interacting with a therapy dog before their outpatient clinic
appointment. A theory proposed to explain this phenomenon focuses on the neuroendocrine effect associated with
animal-assisted therapy [38]. Patients interacting with a
therapy dog during a 10-minute period were shown to have
statistically significant increases in b-endorphin, oxytocin,
prolactin, b-phenylethylamine, and dopamine with corresponding decreases in cortisol compared with control
subjects [38]. These hormones have been linked with the
subjective emotions of comfort and relaxation with bendorphins having analgesic effects [10]. The neuroendocrine response in the dogs interacting with patients is
similar, lending scientific weight to the anthropomorphic
observation that therapy dogs ‘‘enjoy’’ their work [38]. As
a result of the proven analgesic effect of animal-assisted
therapy, some centers have formalized the role of animalassisted therapy in inpatient and outpatient settings where
therapy dogs are seen as an integral part of the pain management regimen [33, 39].
In addition to lower pain scores, we observed increased
patient satisfaction in several portions of the HCAHPS
among the treatment group; specifically nursing communication, pain control, and overall hospital rating. Total
joint arthroplasty is a known physical and emotional
stressor. Patients with poor coping skills, psychopathologic
disorders, or higher levels of anxiety have a greater incidence of postoperative pain and lower satisfaction with
surgical outcomes despite similar functional results [18, 20,
41]. Research supports improving patients’ self-efficacy
and decreasing anxiety as an important method in
addressing dissatisfaction after total joint arthroplasty [36].
Numerous studies have shown animal-assisted therapy to
be an effective tool for reducing depression and anxiety in
patients [21, 24, 28, 42, 44]. By providing patients with
such an experience after total joint arthroplasty, we suspect
that animal-assisted therapy has an anxiolytic effect on
patients that may improve the perception of their hospital
course. Interestingly, patients’ perceptions of nursing care
and communication also were greater. Although this has
yet to be fully evaluated, it is known that healthcare professionals need only 5 minutes of interaction with a therapy
dog to show an improvement in mood [6]. In a study
evaluating nursing staff perception of animal-assisted
therapy, 100% of the staff found that patient visitation with
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a therapy dog was beneficial, and 100% of the staff
themselves wanted to visit with the dog [34]. It is possible
that when animal-assisted therapy is taking place, patients
perceive an improvement in nursing staff mood, which
correlates with greater satisfaction [8, 15].
Animal-assisted therapy is an effective adjunctive
modality. We found that the use of animal-assisted therapy
in the form of a therapy dog has a positive effect on
patients’ pain level and satisfaction with their hospital stay.
The ability to improve hospital satisfaction is becoming an
increasingly important priority to hospital administrations
owing to changes in government reimbursement [40]. More
work is needed to investigate the applicability of animalassisted therapy to patients receiving treatment for orthopaedic disorders. We recommend that surgeons inquire
regarding the status of pet therapy programs at their hospital and not hesitate to use animal-assisted therapy and
therapy dogs in particular as an adjunctive modality in the
recovery of their patients.
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