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Pain monitoring and management in a
rehabilitation setting after total joint replacement
Maria Laura De Luca, MDa, Marcello Ciccarello, MDb, Manfredi Martorana, MDa, Davide Infantino, RNa,
Giulia Letizia Mauro, MDc, Stefano Bonarelli, MDd, Maria Grazia Benedetti, MDe,∗

Abstract
Total hip replacement (THR) and, particularly, total knee replacement (TKR), are painful surgical procedures. Effective postoperative
pain management leads to a better and earlier functional recovery and prevents chronic pain. Studies on the control of pain during the
postoperative rehabilitation period are not common. The aim of this study is to present results of a perioperative anesthetic protocol,
and a pain treatment protocol in use in the Orthopaedic and the Rehabilitation intensive units of our Hospital. 100 patients (50 THR
and 50 TKR) were retrospectively included in this observational study. Numeric Rating Scale (NRS) for pain at rest registered in the
clinical sheet was retrieved for all patients and analyzed with respect to the spinal anaesthesia given for the surgery, local analgesia,
analgesia protocol adopted during the postoperative days in the Orthopaedic Unit, the antalgic treatment given during the stay within
the Rehabilitation Unit, the postoperative consumption of rescue pain medication, and any collateral effect due to the analgesic
therapy. Patients reached standard functional abilities (walking at least 50meters and climbing/descending stairs) at a mean length of
8 days without medication-related complications. Mean NRS during the time of stay was 1.3±0.3 for THR and 1.3±0.2 for TKR) and
maximum mean NRS was 1.8±0.5 for TKR and 1.8±0.6 for THR. The use of rescue therapy in the rehabilitation guard was
correlated with the mean NRS pain and the maximum NRS pain. A very good control of pain with the perioperative anesthetic
protocol and pain treatment protocol in use was obtained.

Abbreviations: ACB = adductor canal block, FNB = femoral nerve block, LPB = lumbar plexus block, NRS = Numeric Rating
Scale, POD = postoperative day, THR = total hip replacement, TKR = total knee replacement.

Keywords: multimodal analgesic protocol, pain, rehabilitation, total joint replacement

1. Introduction

It is well documented in literature that effective pain management
leads to a better and earlier functional recovery after hip or knee
prosthetic surgery and prevents chronic pain.[1–3] However, some
reports demonstrate that in more than 50% of the total hip
replacement (THR) cases, postoperative pain management
strategies adopted were not successful, and after total knee
replacement (TKR), 75% of patients complained of moderate to
severe chronic pain.[4,5] The critical role of postoperative pain
within orthopedic surgery procedures is demonstrated by the fact
that the effectiveness of a THR or TKR is often limited by the
postoperative pain management itself.[6] In fact, intensive post-

surgical rehabilitation, which has a fundamental role in
recovering and maintaining the patient’s complete movement
abilities, can be hindered when a proper analgesia is not delivered
to the patient, leading to worse patients’ satisfaction with their
surgery. As additional consequence, risks of thromboembolic
disorders and infections can be intensified, which can lead to
delays in hospital discharge, thus causing an increase in
healthcare costs.[7–8] Nevertheless, the existence of a possible
transition between acute pain due to intraoperative tissue damage
and long-term postoperative pain, which is now referred to as
central sensitization, has been documented.[9–10] If left untreated,
acute pain can lead to long-term emotional and psychological
distress that has the potential to develop into a chronic pain state
which is even much more difficult to manage.[4,9,11]

In order to best manage postoperative pain, several protocols
have been studied and adopted in literature.[12–17] To reduce the
occurrence of collateral effects, the analgesia protocol should be
multimodal[18–20] which consists of the employment of more than
2 different drugs or modalities with different mechanisms or sites
of action for synergistic effects on pain and should block pain at
its origin.[6] Horlocker[8] demonstrated that, in order to minimize
the use of opioid analgesics, employing peripheral nerve
blockages (PNB) together with a combination of analgesic
agents allows early mobilization and helps patient’s rehabilita-
tion, reducing hospitalization times and costs. The use of regional
analgesic techniques was found to improve early rehabilitation
after major knee surgery by effectively controlling pain during
continuous passive motion, thus hastening the convalescence.[21]

Based on these assumptions, in order to obtain optimal control
of postoperative pain and facilitating early rehabilitation in THR
and TKR patients, at the Rizzoli-Sicilia Department in Bagheria
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an apposite perioperative anesthetic protocol, and a pain
treatment protocol during the rehabilitation period was
established. The aim of this study is to present the effectiveness
of such protocols on postoperative pain throughout patient’s stay
in the Orthopaedic Unit and the Rehabilitation Intensive Unit of
the Department.

2. Methods

2.1. Study design

The study is an observational retrospective cohort-study carried
out through the retrieval of information on hospital medical
records. The study was approved by the local ethical committee
(N. 0007675).

2.2. Patient sample

Numeric Rating Scale (NRS) for pain reduction was defined as a
primary endpoint. In order to identify a statistical meaningful
sample of patients a power analysis was conducted, according to
the available literature,[22] reporting that the NRS value of
patients receiving a total joint replacement is around 7.9±1.7
(mean and standard deviation), and the minimum improvement
clinically accepted requires a pain reduction of 20%. Considering
these factors, the least clinically significant difference is 1.58 NRS
points. If a two-sided error of 0.05 and a power of 0.9 are
assumed, together with a minimal clinically significant difference
of 1.58 NRS points with a standard deviation of 1.7 points, the
resulting minimal number of cases to be studied is 25. To evaluate
the data as precisely as possible, and taking in consideration some
missing NRS values within medical archives, medical records of
50 patients who underwent THR and 50 on TKR hospitalized
within the Intensive Rehabilitation Unit from January 2017 to
December 2017 were retrospectively evaluated, and included in
the study. All patients underwent a primary THR or TKR for
osteoarthritis (OA) in the Orthopaedic Unit of the same
Department. They were then admitted to the intensive rehabili-
tation Unit from the second postoperative day (POD), according
to hospital standards. Those patients that experienced compli-
cations during their hospital stay, such as vein thrombosis, severe
anemia, cardiovascular problems, acute psychiatric disorders, or
who had previous history of drug addiction, medication-related
allergies, cerebral infarction, or severe neurological lesions, acute
heart or renal diseases or rheumatic diseases, were excluded from
this study. Any medical records with missing values of NRS were
also excluded.
On the same day of surgery, patients initiated a conventional

rehabilitation training, consisting of two 30minutes daily
sessions at the Orthopaedic Unit, and then they continued two
90minutes daily sessions at the Intensive Rehabilitation Unit.
The discharge criteria included patients demonstrating inde-

pendent transfer, walking with crutches with partial weight
bearing on the operated limb for at least 50 meters, and stair
ambulation.

2.3. Evaluation criteria

Pain intensity at rest, as measured by the NRS (0=no pain-10=
worst pain) registered in the clinical sheet by nurses 3 times a day
(morning, afternoon, and night), was retrieved for all patients
during both their hospital stay in the Orthopedic Surgery and the
Rehabilitation Unit.

The following variables were also retrieved: hospitalization
duration, kind of anaesthesia given for the surgery, local
analgesia (if given), analgesia protocol adopted during the first
few days immediately after surgery until the admittance of
patients to the Rehabilitation Unit, antalgic treatment given
during the stay within the Rehabilitation Unit, postoperative
consumption of rescue pain medication, and any collateral effect
due to the analgesic therapy. Moreover, the modified Barthel
Index[23] of patients upon discharge from the Rehabilitation Unit
was calculated. Other values, such as age, gender, and BMI were
recorded as well.

2.4. Anesthetic protocol for surgical intervention and for
postoperative pain control

In all the cases, Fentanyl (1–2mcg/kg-1) and Midazolam (0,02
mg/kg) were used for anesthetic premedication. Patients
undergoing to total joint replacement received subarachnoid
anesthesia with levobupivacaine 0.5%15mg after identifying L4/
L5 level for knee replacements, and after identifying L3/L4 level
for hip replacement.
In patients undergone TKR a femoral nerve block (FNB) or an

adductor canal block (ACB) was performed during the
intervention, while in some patients undergone THR a lumbar
plexus block (LPB) was performed.
This procedure was always performed using a single shot under

ultrasound guidance— electrical nerve stimulation (ENS)
guidance through the atraumatic 18 gauge needle with an in-
plane lateromedial approach, inserting a 20 gauge catheter with
levobupivacaine 0.5% 10 to 15mg in 20 ml NaCl 0.9%. The
correct positioning was verified with the ultrasound view of the
10 ml spread of levobupivacaine 5mg/ml. Peripheral blocks both
in TKR and THRwere removed before the patients’ admission at
the Rehabilitation Unit.
In all cases, oral therapy and intravenous patient-controlled

analgesia were used postoperatively, according to the specific
protocols illustrated in Table 1.

2.5. Pain control protocol in the Rehabilitation Unit

Regarding the postoperative pain management, all patients were
given regular oral or parenteral painkillers following a protocol
established in the operative Unit in agreement with hospital
anesthesiologists, and based on the World Health Organization,

Table 1

Postoperative analgesic protocol.
Severe Pain (NRS 7–10) awaited 1st day after surgery
Elastomeric pump 100 mL—2mL/h
Morphine 6 fl/60mg/6mL + 94 mL 0.9% normal saline
+
Paracetamol 1 gr (8, 16, 24)

Oral analgesia
Oxycodone CR 10mg, Paracetamol 1 gr (8, 16, 24)

Continous Multimodal Perineural/Peridural Analgesia
Elastomeric pump 250mL–5/7 mL/h
Ropivacaine 0.15%–0.2% or Levebupivacaine 0.1%–0.125%
+/�
On demand (max 3 times per day)
- Mepivacaine 1% 10 mL
- Levobupivacaine fl 5 mg/mL
- Ropivacaine fl 7.5 mg/mL

NRS=Numeric Rating Scale.
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1986 pain relief ladder.[24] Rescue analgesics were used when
needed according to the protocol, as reported in Table 2.

2.6. Statistical analysis

Continuous data were expressed as mean and the standard
deviation of the mean, categorical data were expressed as
frequency and percentage. The Kolmogorov–Smirnov test was
performed to test normality of continuous variables. Because of

non-normality of NRS score, differences in patients who received
a peripheral nerve block and those who did not receive it were
explored by means of theMann–Whitney test calculated by exact
method for small samples.
TheMann–Whitney test was also used to assess the influence of

gender on the NRS score. Patients’ age and BMI were correlated
to the NRS values through the Spearman rank correlation.
The Fisher Chi-square test was performed to investigate the

balance of gender between the groups (PNB and not PNB, and

Table 2

Pain control protocol in the Rehabilitation Unit.

DRUG DOSAGE

NRS <3
Paracetamol 1000 mg Max. 3g per day

Rescue therapy Tramadol 50mg (20dps) Max. 3 times per day
NRS 3–5
Scheme 1 Paracetamol 1000 mg Max. 3g per day
Rescue therapy Tramadol 50–75mg Max. 3 times per day
Scheme 2 Tramadol 50–75mg Max. 3 times per day
Rescue therapy Paracetamol 1000 mg Max. 3g per day

NRS 5–7
Paracetamol 1000 mg

Tramadol 100 mg
Max. 3g per day
Twice per day

Rescue therapy Ketoprofene 50mg oral
Ketoprofene
100mg + 100mL 0.9 NaCl sol.

Max. 3 times per day
Max. twice per day

NRS >7
Paracetamol 1000 mg Max. 3g per day
Oxycodon 5/10 mg Twice per day

Rescue therapy Ketoprofene 50mg oral
Ketoprofene
100mg + 100mL 0.9 NaCl sol.

Max. 3 times per day
Max. twice per day

NRS=Numeric Rating Scale.

Table 3

General data on patients.

TKR THR

Age (yrs)
Mean (SD) 69.6 (6.5) 64.3 (10)
Min–Max 53–80 35–82

BMI
Mean (SD) 30.7 (3.6) 27.5 (3.7)
Min–Max 22.8–37.8 18.7–37.6

Lenght of stay (days)
Mean (SD) 8.1 (2.4) 8.1 (2.0)
Min–Max 3–11 4–11

Sex
Number 14 M/ 36 F 33 M/ 17 F

Pain (mean NRS)
Mean (SD) 1.3 (0.2) 1.3 (0.3)
95% CI 1.2–1.4 1.2–1.4
Min–Max 0.9–2.1 0.6–1.9

Pain (mean max NRS)
Mean (SD) 1.8 (0.5) 1.8 (0.6)
95% CI 1.7–2.0 1.6–2.0
Min–Max 1.1–3.0 0.8–3.0

CI=confidence interval, THR= total hip replacement, TKR= total knee replacement, SD= standard
deviation.

Figure 1. Mean and 95% CI NRS along the entire hospital stay for THR and TKR. CI=confidence interval, NRS=Numeric Rating Scale, THR= total hip
replacement, TKR= total knee replacement.
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between FNB and ACB). The T-test was performed to investigate
the balanceof age andBMIbetween thegroups (PNBandnotPNB,
and between FNB and ACB). For the evaluation of the pain level
evolution along the hospitalization, the Wilcoxon repeated
measures non parametric test evaluated by exact methods for
small samples was used. The Wilcoxon test with Bonferroni
correction for multiple comparison was used for the evaluation of
the possible differences within the 3 NRS values recorded daily.
All statistical analyses were considered significant for P< .05

and were performed using SPSS v.19.0 (IBMCorp, Armonk, NY).

3. Results

The average age of the patients was 64.26±10 years for the THR
Group and 69.7±6.5 years for the TKR Group. General data of
patients are reported in Table 3. The mean hospital stay was 8.1±
2.0 days for the THRGroup and 8.1±2.4 days for the TKRGroup.
Atdischarge, all patients reached the standardgoals of rehabilitation
after TKR and THR, such as walking with crutches with partial
weightbearingon theoperated limb,and stair ambulation.Modified
Barthel Index was 87.6±9.4 for TKR and 86.3±13.5, for THR
respectively, at discharge from the Rehabilitation Unit.

A PNB was positioned in all the TKR patients (32 FNB, 18
ACB) and in 25 THR patients (LPB). No difference between THR
patients with or without PNB and between TKR patients who
received FNB or ACB was found in terms of mean and maximum
value of pain in the postoperative period.

3.1. NRS for pain

Mean pain during the time of stay as measured by NRS was 1.3
±0.3 for THR and 1.3±0.2 for TKR (Fig. 1). The maximum
pain registered during the hospital stay was 1.8±0.5 for TKR
and 1.8±0.6 for THR. The trend of pain for both groups
along the hospitalization period is reported in Figure 2. Mean
NRS reduced throughout the hospitalization: for THR the
difference between NRS value at POD 1 was significantly
different from the NRS value at day 8 (P= .005) and 9
(P= .008), for TKR it was different between day 1 and day 7
(P= .049) (Table 4). An increase of pain was always noted in the
night both for THR and TKR (P< .017). At discharge mean
pain was respectively 1.9±1.2 for THR and 1.6±1 for TKR.
Sex, BMI and age were not correlated to the amount of pain and
to the type of PNB.

Figure 2. Daily (morning, afternoon, and night) NRS measurement (mean and 95% CI) along the hospital stay respectively for THR (upper graph) and TKR (lower
graph). CI=confidence interval, NRS=Numeric Rating Scale, THR= total hip replacement, TKR= total knee replacement.
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3.2. Additional consumption of analgesics and
complication rate

The 2 groups consumed a similar amount of additional analgesics
as a rescue supplement to the regular intake of painkillers
prescribed until discharge. There were no medication-related
complications, such as nausea and vomiting. There were no cases
of wound infection or a delay in wound healing. In the THR
Group, age was correlated with a greater consumption of rescue
therapy in the orthopaedic guard (r=0.315, 0=0.26). In both
groups, the use of rescue therapy in the rehabilitation guard was
correlated with the mean NRS pain and the maximum NRS pain
(Table 5).

4. Discussion

THR and, particularly, TKR, have a reputation for being
especially painful procedures from which to recover. Recently,
great attention has been paid to postoperative pain control,
particularly in the context of the so-called “fast track” protocols
in which the accelerated rehabilitation for fast recovery requires
pain-free patients, obtained with multimodal anesthetic proto-
cols.[25] However, also in standard protocols for patients who

undergo THR or TKR and not included in “fast track” protocols,
perioperative, and postoperative pain control, particularly during
the rehabilitation phase, is currently mandatory. Since main
reviews have concluded that, as a result of low quality of
evidence, small sample sizes and heterogeneity of trial designs, as
well as the designation of optimal procedure-specific analgesic
regimen after THR and TKR is not possible,[26–27] we designed
our own multimodal anesthetic protocol.
The Italian Decree Law n. 38 adopted on March 15, 2010,

known as the “Anti-pain Law”, was one of the first decrees in
Europe devoted to guaranteeing access to palliative care and pain
therapies to patients, within the public health system. In order to
promptly dispense the most appropriate antalgic treatment, both
the pain characteristics and their evolution during the admittance
time must be registered in medical records used in all healthcare
facilities. This is generally carried out through recording 3 daily
scores by means of NRS, a score of established validity and
reliability for assessing postoperative pain.[28] In the present
study, NRS values recorded in the medical files were retrieved and
associated to the anesthesiological protocol used both for surgery
and during rehabilitative hospital stay.
The results of this retrospective study on a cohort of patients

who underwent uncomplicated THR and TKR demonstrated
well-controlled pain both in the early postoperative period and in
the intensive rehabilitation phase, with a mean NRS score of 1.3
±0.3 and 1.3±0.2 respectively for THR and for TKR.
Unfortunately, there are not many studies available in which
the amount of pain is measured after the first 72 postoperative
hours, and particularly during the postoperative rehabilitation
period.
Among available data in TKR, Lisi[29] reported a NRS value

under 3, at POD 2 in a mininvasive protocol for TKR, Snyder[30]

a mean NRS value ranging between 3.24 (POD 0) and 4 (POD 3),
and Gerbershagen[31] a mean maximum pain at POD 1 of 5.56.
Rakel[32] reported a median resting pain NRS intensity of 4 at
POD2, andChoi[33] reported ameanNRS value of 4.6 in patients
who underwent TKR and were treated with FNB at POD 2.
Castorina,[34] comparing a fast track protocol versus a standard
protocol in TKR, reported a level of Visual Analogic Scale (VAS)
pain at POD 3 of 3.38 and 4.40, respectively. Benditz[5] in a
prospective study over 2 years in which they increased the quality
of pain management in TKR, reported a reduction of NRS
maximum pain from 6.45 to 5.44 at POD 1.
Only 1 study reporting NRS along the course of a 21-day

rehabilitation stay was retrieved,[35] reporting a decrease of the
NRS from 5.2 at the baseline to 0.9 in patients treated with
Tapentadol and from 5 to 2.6 in patients treated with
Paracetamol.
As regards THR, Gerbershagen[31] reported an NRS maxim

score of 4.95 at POD1, and Johnson[36] a medianmaximumNRS
pain score across 3 groups (posterior LPB, periarticular
infiltration with ropivacaine, ketorolac, and epinephrine and

Table 4

NRS for pain along the hospitalization.

Mean NRS Number of patients Mean SD Wilcoxon Test

THR
Day 1 50 1.37 0.55
Day 2 50 1.27 0.44
Day 3 50 1.37 0.51
Day 4 47 1.26 0.39
Day 5 47 1.28 0.44
Day 6 44 1.30 0.41
Day 7 41 1.32 0.51
Day 8 29 1.12 0.47 0.005
Day 9 19 1.07 0.49 0.008
Day 10 12 1.25 0.41

TKR
Day 1 50 1.37 0.56
Day 2 50 1.27 0.46
Day 3 49 1.22 0.42
Day 4 49 1.30 0.40
Day 5 45 1.27 0.45
Day 6 41 1.26 0.34
Day 7 35 1.16 0.37 0.049
Day 8 26 1.23 0.34
Day 9 21 1.32 0.41
Day 10 17 1.33 0.37

NRS=Numeric Rating Scale, SD= standard deviation.

Table 5

Rescue therapy consumption.

THR TKR

Mean NRS pain Mean maximum NRS pain Mean NRS pain Mean maximum NRS pain

Spearman rank correlation r P r P r P r P

Rescue administrations in the Orthopedic Unit (yes/no) 0.291 =.041 0.302 =.033 �0.343 P=.015 �0.332 =.019
Rescue administrations in the Rehabilitation Unit (yes/no) 0.648 <.005 �0.657 <.005 �0.441 P= .001 �0.389 =.005

NRS=Numeric Rating Scale, THR= total hip replacement, TKR= total knee replacement.
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periarticular infiltration with liposomal bupivacaine, ketorolac,
and epinephrine) at POD 1 respectively of 3.0, 4.0, and 3.0.
NRS scores in the present study were far below most of these

findings, demonstrating the effectiveness of the analgesic protocol
proposed both for surgery and for postoperative management of
pain in THR and TKR, without medical-related conditions, such
as nausea and vomiting. Furthermore, patients functionality and
participation to rehabilitation session was not influenced by the
effects of the pharmacological therapies.
The consumption of rescue analgesics on demand was, as

expected, related to the mean and the maximumNRS value and it
was, however, effective in containing pain throughout the
hospital stay.
PNB was included in the multimodal protocol in all TKR

patients and in a subgroup of THR patients. Being the LPB of
recent introduction in our hospital at the time of this retrospective
study, not all the patients had the procedure. Moreover, based on
the surgeon choice, some TKR patients received an ACB and
others a FNB. With the number of patients included, no
differences were found between THR patients who received a
PNB and those who did not. While there is evidence that PNB as
adjunctive techniques to systemic analgesia reduced pain
intensity when compared with systemic analgesia alone after
major knee surgery and in THR, at the moment there are no
strong evidences confirming our findings on the effects of the
association of PNB and spinal analgesia.[36–38]

Furthermore, as concerns the absence of postoperative pain
differences between the FNB and the ACB in TKR patients, this
result confirms previous studies which demonstrated no differ-
ence concerning analgesia quality with the 2 procedures.[39–42]

There are some limitations in the present study. First, the
preoperative pain level was not reported. Actually, preoperative
pain intensity (NRS) was found to be a significant predictor of
high pain (at rest and during movement) following TKR,[32] and
an independent risk indicator for poor function at 6 months after
surgery, slowing down rehabilitation in the immediate postoper-
ative period.[4] However, since the objective of our study was to
monitor pain during the postoperative rehabilitation period in
relation to the protocols in use, this point was not considered. A
further prospective study is going to be planned to evaluate
chronic neuropathic pain after TKR that takes into account, in
addition to the drugs used, also the effects of preoperative pain
and all the individual psychosocial and clinical factors considered
responsible for the central sensitization.
Second, pain level was measured only at rest, considering only

the nursing registration, without taking into account possible
pain related to the physiotherapy or to movement. To this
purpose, Ernlewein et al, 2017[4] reports interesting findings after
hip surgery in terms of pain during motion and pain at rest. In his
study, pain did not continuously decrease over the course of the
first postoperative week, but, after an early decrease, pain
increased again and this was associated with the progress of
mobilization, particularly in patients with chronic pain before
surgery. These findings suggest that the temporal dimension of
pain (e.g. time pattern of pain intensity in response to recovery
and mobilization) requires greater consideration. Further studies
are guaranteed to overcome these limitations. Furthermore, the
inclusion in the study only of patients with a complete dataset of
NRS in the medical records during the hospital stay could be
considered a potential selection bias.
In conclusion, the present study reports a very good control of

pain with the perioperative anesthetic protocols, and pain
treatment protocols in use after primary uncomplicated THR and

TKR throughout the Orthopaedic and the Rehabilitation Unit
stay. Patients reached standard functional abilities (walking at
least 50 meters and climbing/descending stairs) at a mean length
of 8 days with a mean NRS pain at discharge of about 1.9 points
for THR and 1.6 for TKR without medication-related compli-
cations.
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