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Abstract
Purpose  The aim of this observational cohort study was to assess actigraphy-based sleep characteristics and pain scores in 
patients undergoing knee or hip joint replacement and hospitalized for ten days after surgery.
Methods  N=20 subjects (mean age: 64.0±10.39 years old) wore the Actiwatch 2 actigraph (Philips Respironics, USA) to 
record sleep parameters for 11 consecutive days. Subjective scores of pain, by a visual analog scale (VAS), were constantly 
monitored and the following evaluation time points were considered for the analysis: pre-surgery (PRE), the first (POST1), 
the fourth (POST4), and the tenth day (POST10) after surgery.
Results  Sleep quantity and timing parameters did not differ from PRE to POST10, during the hospitalization whereas sleep 
efficiency and immobility time significantly decreased at POST1 compared to PRE by 10.8% (p=0.003; ES: 0.9, moderate) 
and 9.4% (p=0.005; ES: 0.86, moderate) respectively, and sleep latency increased by 18.7 min (+320%) at POST1 com-
pared to PRE (p=0.046; ES: 0.70, moderate). Overall, all sleep quality parameters showed a trend of constant improvement 
from POST1 to POST10. VAS scores were higher in the first day post-surgery (4.58 ± 2.46; p=0.0011 and ES: 1.40, large) 
compared to POST10 (1.68 ± 1.58). During the time, mean VAS showed significant negative correlations with mean sleep 
efficiency (r = −0.71; p=0.021). 
Conclusion  Sleep quantity and timing parameters were stable during the entire hospitalization whereas sleep quality param-
eters significantly worsened the first night after surgery compared to the pre-surgery night. High scores of pain were associ-
ated with lower overall sleep quality.
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Introduction

The correct expression of circadian rhythmicity is funda-
mental for the body homeostasis and humans perform opti-
mally when all biological rhythms, including sleep-wake 
cycle, are in sync [1, 2]. Sleep is a basic requirement for 
human health and serves important psychological and phys-
iological functions [3]. As recommended by the National 
Sleep Foundation [4], adults should obtain at least seven 
to nine h of sleep per night to maintain optimal health and 
functioning and it has been shown that the absence of ade-
quate sleep is linked to a large number of adverse outcomes, 
including impairments to cognitive performance [5], mood 
[6], and appetite regulation [7], as well as critical metabolic 
[8] and immunologic processes [9].

Orthopaedic surgery is an event that has the potentiality 
to disrupt circadian rhythm and impair sleep quantity and 

When the study was conducted, Jacopo Antonino Vitale worked at 
IRCCS Istituto Ortopedico Galeazzi.

 *	 Francesco Negrini 
	 francesco.negrini@uninsubria.it

1	 Schulthess Klinik, Zürich, Switzerland
2	 IRCCS Istituto Ortopedico Galeazzi, Milan, Italy
3	 Vita-Salute San Raffaele University, Milan, Italy
4	 Istituti Clinici Scientifici Maugeri IRCCS, Tradate, Varese, 

Italy
5	 Department of Biotechnology and Life Sciences, University 

of Insubria, Varese, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-023-05862-2&domain=pdf
http://orcid.org/0000-0002-7995-1700


1930	 International Orthopaedics (2023) 47:1929–1938

1 3

quality. Actually, joint arthroplasty is considered the gold 
standard for severe knee and hip osteoarthritis, a pathol-
ogy that has been estimated affects more than 240 million 
people worldwide [10–13]. Sleep impairment after hip and 
knee arthroplasty is multifactorial and still poorly under-
stood. First of all, post-operative pain is a potential cause 
of sleep deprivation or disturbances. In one post-total hip 
arthroplasty study, 52% of patients woke up due to moder-
ate to severe pain on the first postoperative night [14, 15]. 
At the same time, pain perception is increased by poor sleep 
quality, leading to a potential vicious cycle, in which pain 
decreases sleep quality, while simultaneously impairment of 
sleep quality increases pain perception [16, 17]. Further, also 
preoperative sleep quality impairment can lead to increased 
post-operative pain and painkillers consumption, underly-
ing the complex and bidirectional interaction between sleep 
and pain [18]. In order to manage post-operative pain, pain-
killers are regularly administered after surgery. However, 
opioids, drugs commonly used for post-operative pain [19], 
are linked to modification in sleep architecture and they 
interfere with sleep quality [20]. Anesthesia is another cru-
cial aspect that can disrupt sleep in post-operative patients. 
Both general and spinal anaesthesia, commonly performed 
for joint arthroplasty, have the potential to decrease sleep 
quantity and quality; however, spinal anaesthesia has been 
seen to impact less in the immediate post-operative period 
on the sleep of the patient [21]. While all the aforementioned 
aspects concur to disturb sleep particularly in joint surgery, 
sleep quality and quantity may be also influenced by other 
exogenous and endogenous factors such as primary sleep 
disorders, gender, anxiety, or bedroom environment [22, 23].

Post-operative period in joint arthroplasty is of the utmost 
importance because of the need of early rehabilitation. It 
has been shown that starting as early as the first post-opera-
tive day rehabilitation decreases hospital length of stay and 
overall costs of the procedure, without increasing number of 
adverse reaction [24, 25]. In order to perform rehabilitation, 
it is important that patients could gather as much strength 
and motivation as possible [26, 27]. The correct physiology 
of night-time sleep could potentially enhance patients’ col-
laboration and internal motivation, ultimately increasing the 
overall quality of rehabilitation and preventing the transient 
cognitive deficit linked to sleep deprivation.

Overall, reducing the incidence of sleep disturbance has 
the potential to decrease pain and enhance the patient’s 
mental status during daytime hours after joint arthroplasty, 
which may improve functional outcomes and hasten postop-
erative recovery. Inversely, persistent sleep disturbance after 
hip or knee surgery may increase pain and jeopardize the 
postoperative course while straining the physician–patient 
relationship [28]. To the best of our knowledge, no previ-
ous study objectively examined sleep changes in hospital-
ized patients during the inpatient rehabilitation period after 

orthopedic surgery. Therefore, the aim of this study was to 
assess actigraphy-based sleep characteristics and pain scores 
in patients undergoing knee or hip joint replacement and 
hospitalized for 10 days after surgery. We hypothesized 
to detect a worsening in sleep quality together with an 
increase in pain scores, immediately after surgery and to 
observe an improvement of these variables in the last days 
of hospitalization.

Materials and methods

Study design

The study protocol was approved by the Institutional Ethics 
Review Committee of Vita-Salute San Raffaele University 
(Milan, Italy; protocol number: 102/INT/2018) in compli-
ance with the current national and international laws and 
regulations governing the use of human subjects (Declara-
tion of Helsinki II). This trial was registered to the Clini​
calTr​ials.​gov registry (NCT03572920). The subjects were 
informed about the potential risks and benefits of the study 
before the start of the experimental procedures and written 
informed consent was obtained from all participants. This 
observational cohort study was conducted in accordance 
with the STROBE guidelines [29] between December 2018 
and June 2019 at the IRCCS Istituto Ortopedico Galeazzi 
(Milan, Italy).

Study participants

The inclusion criteria for the study were as follows: sched-
uled hip or knee surgery; hospitalization and execution of 
the rehabilitation program, inside the hospital, for ten con-
secutive days after surgery; age between 50 and 75 years old. 
Exclusion criteria were as follows: body mass index (BMI) 
≤18.5 or ≥40.0; mental or neuromuscular disorders; regular 
melatonin consumption during the preoperative period; and 
the presence of clinically diagnosed sleep disorders. All sub-
jects were screened by a physiatrist for eligibility. The exper-
imental procedures lasted 11 consecutive days: starting the 
day before surgery and ending the tenth day after surgery. 
Subjects’ sleep through actigraphy and subjective scores of 
pain, by a visual analog scale (VAS), was constantly moni-
tored for the entire experimental protocol. For the purposes 
of the study, the following evaluation time points have been 
considered: pre-surgery (PRE), the first (POST1), the fourth 
(POST4), and the tenth day (POST10) after surgery. In addi-
tion, subjects completed the Pittsburgh Sleep Quality Index 
(PSQI; [30] at PRE and POST10 and four functional tests 
(see “Clinical and functional tests” for details) were per-
formed only in three time points (PRE, POST4, and POST 
10) since no data was collected at POST1 for clinical reasons 
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(i.e., impossible tests execution the day after surgery). The 
study flow chart is shown in Fig. 1.

Power analysis

Based on the limited existing literature (Manning et al., 
2017; Myoji et al., 2015), it was considered clinically sig-
nificant to observe a mean effect size of 0.80 in sleep quality 
between pre- and post-surgery. Therefore, considering an α 
level with p=0.05 and a power of 85%, it was estimated that 
17 subjects would be needed in order to detect a statistically 
significant difference in sleep efficiency. To be more con-
servative and to prevent a possible drop of subjects during 
the study (estimated in 10–15%), the sample size has been 
increased to a total of 20 subjects. The sample size calcula-
tion was performed with the use of the G-Power software 
(G-Power version 3.1, Düsseldorf, Germany).

Surgical and rehabilitation procedures

We selected patients suffering from severe knee or hip 
osteoarthritis, with orthopedic prescription of either 
elective hip or knee joint replacement. In case of patients 
suffering from hip osteoarthritis, THA was carried out 
following a mini-invasive postero-lateral approach [31]. 
As far as patients suffering from knee osteoarthritis are 
concerned, the type of arthroplasty was prescribed by the 
referent orthopaedic surgeon depending on the clinical 
and radiographic characteristics of the patients: if oste-
oarthritis was generalized and affected both medial and 
lateral segment of the knee, total knee joint replacement 
was performed; if osteoarthritis affected only medial or 
lateral compartment of the knee, unicompartmental knee 
joint replacement was performed, to potentially reduce 
both surgery time and increase recovery time [32]. All 
surgeries were performed under spinal anaesthesia.

The rehabilitation protocol started as early as the first 
post-operative day in the orthopaedic surgery ward, when 
patients were already verticalized if possible. In the first two 
days after surgery, patients followed a rehabilitation proto-
col, led by physical therapists 30 min/day. In the third post-
operative day, the patients were moved in the rehabilitation 
ward and rehabilitation time was increased to 70 min/day. 
The main goal of the rehabilitation treatment was to regain 
functional independence as soon as possible. To pursue this 
aim, specific physical exercises were performed: passive 
and active mobilization of the involved joint, strengthening 
and proprioceptive training of the lower limbs, gait training 
using two crutches. During rehabilitation, an opioid-sparing 
analgesic protocol was followed. In detail, opioids and par-
acetamol were administered for the first three days after sur-
gery to all subjects whereas NSAIDs were administered only 
when needed (i.e., in 12 subjects, the 60% of total sample).

Sleep assessment

All subjects wore the Actiwatch 2 actigraph (Philips 
Respironics, Portland, OR) to record sleep parameters 
for 11 consecutive days during hospitalization, from PRE 
to POST10. A sensitivity threshold of 40 activity counts 
was utilized to detect sleep parameters [33]. Each subject 
completed daily a sleep diary to record bedtime (the self-
reported time at which a participant went to bed attempt-
ing to sleep), get-up time (the self-reported time at which a 
participant got out of bed and stopped attempting to sleep), 
the number of nocturnal awakenings, and the minutes spent 
without wearing the actigraph. Data derived from the sleep 
diaries and wrist activity monitors were used to determine 
patients’ sleep parameters. In details, nine sleep parameters 
were measured: (1) sleep onset (Son), the time at which a 
participant first fell asleep after going to bed; (2) sleep offset 
(Sof), the time at which a participant last woke before get-
ting up; (3) time in bed (TB), the amount of time spent in 

Fig. 1   Flow chart of the study Assessed for eligibility

and included in the study (n=28)

Excluded (n=8):

• Non-adherence to the protocol (n=5)

• Actigraph techincal problems (n=3)

Knee joint replacmenet (n=18) 

Hip joint replacement (n=10)
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bed attempting to sleep between bedtime and get-up time; 
(4) total sleep time (TST), the number of minutes of sleep 
obtained during a sleep period; (5) sleep efficiency (SE), the 
percentage of time in bed actually spent sleeping; (6) sleep 
latency (SL), the period of time between bedtime and sleep 
onset time; (7) wake after sleep onset (WASO), the amount 
of time spent awake after sleep has been initiated; (8) immo-
bility time (IT), the total time, expressed in percentage, spent 
without recording any movement during time in bed; (9) 
fragmentation index (FI), the sum of the time spent moving 
and the immobility phases of one min, both expressed in 
percentage, divided by the number of immobility phases.

Pittsburgh Sleep Quality Index

The PSQI is the most commonly used subjective measure 
of sleep dysfunction [30]. The PSQI is a 19-item self-report 
questionnaire assessing sleep quality and sleep disorders and 
results in a total global score from 0 to 21 (7 items with a 
response scale ranging from 0 to 3) where the lower scores 
indicate the better sleep quality. PSQI was administered at 
PRE and POST10, before discharge.

Visual Analog Scale for pain

Subjective ratings of pain were assessed all days, from PRE 
to POST10, using a 10-cm visual analog scale anchored by 
two verbal descriptors, one for each symptom extreme [34]. 
VAS data were collected at the same time of day. Subjects 
indicated their subjective ratings of pain, which ranged from 
“no pain at all” (score of 0) to “the worst imaginable pain” 
(score of 10) [35].

Clinical tests

All patients underwent at PRE, POST4, and POST10 the 
following clinical evaluations: (1) the Ten-Meters Walking 
Test (10MWT) to measure the self-paced walking speed of 
patients [36]; (2) (TUG) to examine balance, posture transi-
tions, and change of direction [37]; (3) the Functional Inde-
pendent Measure (FIM), a scale to investigate the autonomy 
of patients during everyday life [38]; and (4) the Barthel 
Index (BI) to evaluate the time and amount of actual physi-
cal assistance required by patients to perform the activities 
of daily living [39, 40].

Statistical analysis

Sleep parameters

The actigraphy-based sleep parameters are expressed as the 
mean ± SD. Each sleep parameter was calculated four times 
(PRE, POST1, POST4, and POST10). The normality of the 

distribution of each sleep parameter was then checked four 
times using graphical methods and Shapiro–Wilk’s test. TIB, 
TST, IT, and FI showed a normal distribution and, to test the 
null hypothesis of no differences among PRE, POST1, POST4, 
and POST10, a repeated-measures one-way analysis of vari-
ance (RM-ANOVA) followed by the Tukey-Kramer post hoc 
tests was applied. On the contrary, the remaining sleep param-
eters had no normal distribution and were treated with non-
parametric Friedman test followed by Dunn’s multiple com-
parisons. In addition, PSQI displayed a normal distribution 
and a paired Student t-test was utilized to compare the results 
between PRE and POST10. A p-value ≤ 0.05 was considered 
statistically significant.

Clinical outcomes

Normal distribution of VAS was tested using graphical meth-
ods and Shapiro–Wilk’s test four times (PRE, POST1, POST4, 
and POST10) while FIM, BI, 10MWT, and TUG were tested 
only three times since no data was collected at POST1. None 
of the parameters showed a normal distribution; therefore, a 
Friedman test followed by Dunn’s multiple comparisons was 
applied. All clinical variables were expressed as the mean ± 
SD and a p-value ≤ 0.05 was considered significant.

Effect size

Partial eta-squared (η2
p) was used to determine the mag-

nitude of the effect for all significant outcomes in RM-
ANOVA using the small (<0.13), medium (0.13–0.25), 
and large (>0.25) interpretation for effect size [41] while 
effect sizes (ES) for pairwise comparison were calculated 
using Cohen’s d and considered to be either trivial (effect 
size: <0.20), small (0.21–0.60), moderate (0.61–1.20), large 
(1.21–2.00), or very large (>2.00) [42].

Correlation analysis

Test for correlation between mean VAS score and the other 
sleep parameters at each post-operative time point (i.e.,: ten 
time points, from POST1 to POST10) were performed using 
Pearson’s method, after confirming the normal distribution 
of each values by the Kolmogorov-Smirnov test. Correla-
tions were considered significant when r>0.3 and p<0.05. 
Statistical analysis was performed using GraphPad Prism 
(GraphPad Software, San Diego, CA, USA).

Results

N=28 participants were screened for eligibility and met the 
inclusion criteria. A total of n=8 subjects dropped out: n=5 
due to the non-adherence to the experimental procedures 
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(i.e., not wearing the actigraphs for eleven consecutive nights 
or because the sleep diary was not correctly filled) and n=3 
for technical problem during data acquisition. Therefore, 
n=20 completed the study with no adverse events related 
to surgery (11 males and 9 females; age: 64.0±10.39 years 
old; BMI: 29.1±3.85 kg*m2). In total, 14 patients under-
went knee joint replacement (4 total and 10 unicompartmen-
tal) whereas six patients underwent total hip replacement. 
No significant inter-group differences (knee vs hip) were 
detected in sleep parameters.

Sleep quality and quantity

Raw data and mean ± SD of each sleep parameter are shown 
in Fig. 2 while Table 1 shows mean ± SD, the results of 
RM-ANOVA and ES for significant outcomes. Actigraph 
parameters of sleep quantity (TB and TST) and timing (SOn 
and SOff) did not differ from PRE to POST10, during the 
hospitalization. On the contrary, SE (p=0.006; η2

p=0.45, 
large), SL (p=0.039; η2

p=0.37, large), WASO (p=0.042; 
η2

p=0.34, large), IT (p=0.005; η2
p=0.47, large), and FI 

(p=0.016; η2
p=0.36, large) displayed significant differences. 

Specifically, SE and IT significantly decreased at POST1 
compared to PRE by 10.8% (p=0.003; ES: 0.9, moderate) 
and 9.4% (p=0.005; ES: 0.86, moderate) respectively. SL 

increased by 18.7 min (+320%) at POST1 compared to 
PRE (p=0.046; ES: 0.70, moderate) and similarly WASO 
increased from 51.1 ± 28.4 min to 73.9 ± 46.7 min from 
PRE to POST1 (p=0.042; ES: 0.58, small). In addition, FI 
showed higher values in POST1 (51.2 ± 21.6 %) compared 
both to PRE (36.2 ± 17.4 %; p=0.034 and ES: 0.76, moder-
ate) and POST10 (37.3 ± 17.3 %; p=0.047 and ES: 0.71, 
moderate) Overall, all sleep quality parameters (SE, SL, 
WASO, IT, and FI) showed a trend of constant improvement 
from POST1 to POST10.

PSQI mean scores significantly increased at POST4 com-
pared to PRE (5.4±3.6 vs 8.1±3.8; p=0.006; ES: 0.72, mod-
erate) highlighting a worsening of subjective sleep quality.

Pain and sleep

As expected, VAS scores were significantly higher in the 
first day post-surgery (4.58 ± 2.46; p=0.0011 and ES: 1.40, 
large) compared to POST10 (1.68 ± 1.58) and in POST4 
(3.85 ± 2.31) compared to POST10 (−2.18; p=0.0087 and 
ES: 1.09, moderate). During time, mean VAS showed sig-
nificant negative correlations with mean SE (r = −0.71; 
p=0.021) and mean IT (r = −0.83; p=0.003) and a sig-
nificant positive correlation with FI (r = 0.70; p=0.023), 
highlighting that high scores of pain were associated with 
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Fig. 2   Individual data plots (n=20; in red) and mean±SD (black lines) of each of the nine sleep parameters (SE, SL, WASO, TB, TST, IT, SOn, 
SOff, and FI) evaluated by actigraphy in PRE, POST1, POST4, and POST10. Legend: *p<0.05; **p<0.01
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lower overall sleep quality. No significant correlations were 
observed between mean VAS and the other sleep parameters 
during time.

Clinical outcomes

FIM, TUG, 10MWT, and BI showed significant changes 
among the three time points (p<0.0001) and the values were 
always worse at POST4 compared both to PRE and POST10 
for all clinical outcomes. In addition, FIM and TUG scores 
at POST10 (i.e., before discharge) were lower compared to 
pre-surgery values. Overall, the clinical and functional results 
showed a clear improvement from POST4 to POST10.

Discussion

To the best of our knowledge, this is the first study evaluat-
ing changes in sleep parameters for eleven consecutive days 
in hospitalized patients undergoing hip and knee arthro-
plasty with an objective and non-invasive method, i.e., by 
actigraphy. Actigraphs are accurate and valid instruments to 
study sleep, if compared to the gold standard polysomnog-
raphy (PSG), and they are also widely used both in research 
and clinical practice to monitor activity levels and rest-
activity circadian rhythm in a practical way [33, 43]. The 
results of the present study showed that (1) sleep quantity 
and sleep timing parameters were stable during the entire 

hospitalization, indicating that patients started and ended 
to sleep at the same time and reached the same amount of 
sleep each night; (2) objective sleep quality parameters sig-
nificantly worsened the first night after surgery compared to 
the pre-surgery night and, overall, these parameters showed 
a trend of constant improvement until discharge; (3) pain 
scores were at the highest level the first day after surgery 
and at the lowest level before discharge with a negative cor-
relation between pain and sleep quality parameters during 
time; (4) the clinical outcomes followed an expected clinical 
path, and higher scores were observed immediately before 
discharge. Our initial hypotheses were all confirmed.

Having a normal sleep cycle is crucial to guarantee the 
normal function of humans’ psycho-physiological processes 
[43–45]. A physiological sleep-wake ultradian cycle should 
last about 90 min, showing four different stages (N1, N2, N3, 
and REM) and the sleep period should be seven to nine h per 
night [4, 46]. Experiencing sleep restriction (i.e., the partial 
reduction of sleep volume) or, even worst, sleep deprivation 
(i.e., the total absence of sleep) can have detrimental effects 
for almost every system of the human body and can lead to 
an increased risk for diabetes, obesity, immunodeficiency, 
cardiovascular disease, hormonal imbalance, pain develop-
ing, and mental health or mood disorders [22, 47–49]. For 
these reasons, it is easily understandable why having proper 
sleep is important in rehabilitation after surgery too [50]. Our 
study sample was composed of 20 patients undergoing knee 
and hip surgery and we analyzed their sleep characteristics 

Table 1   Subjects’ (n=20) actigraphy-based sleep parameters in PRE, POST1, POST4, and POST10

Data are reported as mean ± SD. *Sleep efficiency, sleep latency, WASO, sleep onset, and sleep offset were not normally distributed and were 
subjected to the nonparametric Friedman test followed by the Dunn’s multiple comparisons. Abbreviations: WASO, wake after sleep onset; Ns, 
no significant differences; RM-ANOVA, repeated-measures analysis of variance.

PRE POST1 POST4 POST10 RM-ANOVA Partial eta-squared 
(η2

p)
Tukey-Kramer post 
hoc test

Sleep efficiency (%)* 82.3 ± 7.5 71.5 ± 14.5 77.1 ± 12.2 79.5 ± 8.8 p=0.006 F3,19=5.29; η2
p=0.45 PRE>POST1 

(p=0.003)
Sleep latency (min)* 8.5 ± 13.2 27.2 ± 35.2 18.7 ± 23.3 21.0 ± 21.3 p=0.039 F3,19=3.78; η2

p=0.37 PRE<POST1 
(p=0.046)

Time in Bed (min) 383.7 ± 68.8 392.4 ± 92.3 406.5 ± 75.1 410.6 ± 131.0 ns - -
WASO (min)* 51.1 ± 28.4 73.9 ± 46.7 66.6 ± 44.0 59.3 ± 32.0 p=0.042 F3,19=3.32; η2

p=0.34 PRE<POST1 
(p=0.042)

Total sleep time 
(min)

332.6 ± 64.5 318.5 ± 95.9 339.8 ± 71.9 351.2 ± 112.1 ns - -

Immobility time (%) 83.0 ± 7.2 73.6 ± 13.5 78.6 ± 10.4 81.2 ± 8.2 p=0.005 F3,19=5.68; η2
p=0.47 PRE>POST1 

(p=0.005)
Sleep offset (min)* 341.0 ± 57.9 325.2 ± 88.8 357.0 ± 60.1 355.7 ± 107.4 ns - -
Sleep onset (min)* -43.8 ± 58.5 -67.3± 98.2 -47.0± 77.9 -22.5 ± 95.4 ns - -
Fragmentation index 

(%)
36.2 ± 17.4 51.2 ± 21.6 45.2 ± 20.5 37.3 ± 17.3 p=0.016 F3,19=3.69; η2

p=0.36 PRE<POST1 
(p=0.034) 
POST1>POST4 
(p=0.047)
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starting from the night before surgery, coincident to the 1st 
night of hospitalization, up to the tenth day after surgery, 
before discharge. The day before surgery, at baseline, we 
observed that a large percentage of subjects did not obtain 
the National Sleep Foundation recommendations for sleep 
quality and quantity [4, 46]. In detail, 75% of subjects (15/20) 
were short-sleepers, with a total sleep time <six h, 55% 
(11/20) were poor-sleepers, with a sleep efficiency < 85%, 
and 75% (15/20) had a WASO > 30 min. Further, 55% of the 
study subjects had a pre-surgery PSQI score > 5, highlighting 
general subjective sleep problems. These results are in line 
with a previous study of Bjurstrom and colleagues where 
it was observed that 73.1% of patients waiting for total hip 
arthroplasty were classified as poor sleepers (PSQI > 5) the 
day before surgery [18]. In this context, it is important to 
highlight that pre-surgery poor sleep can negatively impact 
postoperative outcomes. A recent systematic review and 
meta-analysis by Varallo and colleagues [51] reported that 
preoperative sleep disturbances are predictors of post-surgery 
pain intensity and, similarly, it was observed that pre-surgery 
sleep disorders predicted the first 24-h postsurgical increase 
in opioid treatment [18]. However, in the present study, we 
did not observe higher postoperative pain levels or increased 
opioid treatment in those subjects that were classified as 
short- or poor-sleepers before surgery.

The main possible causes for disturbed sleep after sur-
gery are related to inflammatory stress surgical response, 
discomfort, and postoperative pain [52, 53]. In our study, 
we observed a clear drop of sleep quality parameters the first 
night following surgery with a reduction of −10.8% in sleep 
efficiency, −9.4% in immobility time, and a +18.7 min, +22.8 
min, and +15.0% increase in sleep latency, WASO, and frag-
mentation index, respectively. On the contrary, sleep quantity 
(TIB and TST) and sleep timing (SOn and SOff) parameters 
were not negatively influenced by surgery and remained sta-
ble until discharge. Previous studies examined sleep changes 
after orthopaedic surgery. Myoji et al. [14] studied changes in 
sleep-wake cycle and sleep quality through actigraphy 2 days 
before and 1 day after total hip arthroplasty and they reported 
a significant worsening in actual sleep time (−90 min), total 
sleep time (−18%), subjective sleep quality, measured by the 
Oguri–Shirakawa–Azumi Sleep Inventory, Middle-Aged and 
Aged Version, and an increase in the number of nocturnal 
awakenings and pain scores. Similarly, the night-time sleep, 
measured by PSG, of fast-track patients undergoing knee or 
hip arthroplasty significantly worsened on the first postopera-
tive night compared to the night before surgery at home. In 
detail, REM sleep time decreased from 18.2 to 1.2%, wake 
time increased from 19.1 to 44.3%, and, in addition, overall 
sleep architecture returned to pre-admission levels on the 4th 
night after surgery [52]. The latter result is only partially in 
line with our study: we observed a trend of constant improve-
ment in sleep quality parameters from the fourth night after 

surgery until discharge; however, sleep characteristics did not 
return to pre-surgery levels.

Different types of anaesthesia and postoperative analgesic 
regimens can have an influence on patient’s sleep and pain 
perception. We controlled for these potential confounders 
since our participants were all treated with the same stand-
ardized analgesic strategy: spinal anesthesia and multi-
modal opioid-sparing postoperative analgesia. Said that, 
it is important to consider that poor pain management can 
negatively impact patients’ physical recovery and it is known 
that higher levels of pain may lead to sleep problems and, 
conversely, that also increased sleep disturbances can trigger 
pain [54]. In this study, we observed similar trends for sleep 
quality and pain scores, with a negative correlation between 
them, highlighting that lower pain scores were associated 
with higher sleep quality during the course of the rehabili-
tation. However, the bidirectional interaction between sleep 
and pain is very complex and not fully understood [55] and 
the nature of our study does not allow to infer causality; we 
are not able to understand if the reduction of pain scores 
determined a direct increase in sleep quality or vice versa. In 
this context, future studies, with different study design and 
aims, should address this issue.

Some limitations need to be acknowledged. First, we were 
not able to collect real baseline data on subjects’ sleep before 
hospitalization. Participants were indeed recruited just 1 
day before surgery and they came from outside Lombardy 
region so it was not possible to start the sleep monitoring 
in a “real-life” condition (i.e., while they were sleeping at 
home). Further, we considered as baseline value the sleep 
of the first day of hospitalization, before surgery, but we are 
aware that hospitalization itself, regardless of its cause, can 
harm and negatively impact patients’ sleep architecture due 
to noise, light exposure, shared bedroom environment, anxi-
ety, and stress [56]. In addition, sleeping in a new bedroom 
environment typically has a negative impact on sleep dur-
ing the first night. This condition, known as the “first night 
effect” (FNE), could have also contributed to worsen sleep 
parameters during the first phases of the hospitalization 
[57]. However, FNE has a complex pattern and it has not yet 
been deeply studied in elderly surgical population. Second, 
daytime napping behavior was not monitored even if recent 
studies showed that diurnal naps are advantageous inter-
ventions to enhance recovery process, increase mood and 
psychological state, and to counteract the negative effect of 
sleep restriction on physical outcomes [58]. Third, although 
the study population was balanced for gender (12 males and 
10 females), the participants underwent three different kinds 
of surgery: total knee, unicompartmental knee, and total hip 
joint replacement. Nevertheless, the inter-group analysis did 
not highlight any difference in sleep or clinical outcomes 
according to the different kinds of surgery and the three 
rehabilitation protocols were extremely similar among them.
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Conclusion

Taken all together, the present study confirms the important 
impact of surgery on sleep parameters, especially on the 
first few post-operative days. On the other hand, sleep tends 
to improve overtime and goes back to pre-surgery param-
eters after around ten days. Many strategies and policy could 
eventually improve this result, such as managing more care-
fully lights and noises in the rehabilitation ward or accom-
modate patients to single rooms instead of double rooms. 
Our findings create an important baseline that should be 
considered when developing future interventional studies 
on sleep and musculoskeletal rehabilitation.
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