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Abstract: Adductor canal block (ACB) has gained popularity for postoperative pain control after total
knee arthroplasty (TKA). However, its role in TKA has been questioned recently. Our study aimed to
clarify the role of ACB in reducing postoperative pain after TKA and to elucidate an optimal timing
to perform ACB for better outcomes. We conducted a comprehensive review of the perioperative
records of 652 patients undergoing primary TKA from January 2019 to December 2019. Patients were
divided into three groups: Group A received general anesthesia without ACB, Group B received ACB
before inducing general anesthesia, and Group C received ACB at the post-anesthesia recovery unit
(PACU). Patients in Groups B and C had lower pain visual analogue scale (VAS) scores than patients
in Group A at the PACU. Opioid consumption was similar among the three groups; however, a
slightly higher dose was required by Group A patients. Higher VAS scores were recorded in the ward
in Group A than in Groups B and C with the leg at rest. In addition, higher VAS scores were recorded
in Group A than in Groups B and C with the leg in continuous passive motion (CPM) training. More
patients in Group A (34.9%) quit their first CPM training after a few cycles than those in Groups B
(27.0%) and C (20.1%). Group A patients required a higher per kg dose of opioids in the ward than
Groups B and C patients. Additionally, the hourly consumption of sevoflurane was similar among
the three groups of patients, while Group A and C patients required a higher hourly per kg dose
of intraoperative opioids than Group B patients. More patients in Group A (67.6%) and C (61.7%)
developed intraoperative hypertension than patients in Group B (52.7%). There was no significant
difference in PON (postoperative nausea), POV (postoperative vomiting), postoperative dizziness,
or patient satisfaction among the three groups of patients. Group A patients had a longer length of
hospital stay compared to Group B and C patients. In conclusion, preoperative ACB could be a better
choice for patients undergoing TKA as it decreases intraoperative opioid consumption and facilitates
a stable hemodynamic state during surgery.

Keywords: adductor canal block; total knee arthroplasty; visual analogue scale; continuous passive
motion; postoperative pain

1. Introduction

Population aging is a human success story; however, it is estimated that the number
of people aged 65 years and above would be 1.5 billion in 2050—that is, one in six people
in the world will be aged 65 years and above in 2050 [1]. Aging is associated with many
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chronic diseases, including degenerative diseases and cancer [2]. Osteoarthritis (OA) is
strongly associated with aging, and OA is one of the leading causes of physical disability in
the elderly [3]. Taiwan has been an “aged society” since 2018, as over 14% of the population
is 65 years of age or older [4]. A recent retrospective study showed that 154,553 total knee
arthroplasties (TKAs) were performed in Taiwan between 1996 and 2010, and the number
of TKAs increased from 26.4 to 74.6 per 100,000 citizens during this period [5]. An immense
global demand for TKA is anticipated due to prolonged life expectancy in most developed
and developing countries. An 85% increase is expected in the number of primary TKAs in
the United States by 2030 [6].

The first ivory TKA performed on a 17-year-old woman in 1890 by a German surgeon,
Dr. Gluck, opened a new era of surgical treatment for a completely dysfunctional knee
joint in orthopedic surgery [7]. It was not until the early 1950s that the prosthetic materials
and anatomic designs had greatly improved. Recently, a close collaboration between
surgeons and engineers has further excelled the role of artificial knee joints by improving
patients’ quality of life through pain relief and restoration of knee joint function. TKA
is generally regarded as an effective treatment for severely degenerative OA knees with
excellent surgical outcomes [8]. Despite great advances in either surgical technique or
prosthesis design [9], acute postoperative pain in TKA patients remains an important
issue for surgeons. It has been estimated that over 60% of patients experience severe pain
after TKA [10,11]. Adductor canal block (ACB), a relatively novel technique, was first
introduced by Lund et al. [12] in 2011 in an attempt to relieve postoperative pain after
major knee surgery. In recent years, ultrasound-guided ACB has gained popularity as a
technique for postoperative pain control in TKA patients [13]. However, a recent systematic
review [14] concluded that it was uncertain whether patients treated with ACB had a
lower pain intensity, fewer opioid-related adverse events, and fewer accidental falls during
postoperative care compared to those given sham treatment or compared to those treated
with a femoral nerve block. The uncertainty of ACB’s role in reducing postoperative pain
in TKA patients formed the impetus for our study with the primary aim of assessing three
important issues. First, to determine if ACB could effectively reduce postoperative pain
after TKA in elderly patients. Second, to clarify if the timing of ACB administration—
preoperatively or postoperatively—affects the patient’s outcome. Third, to determine the
extent to which preoperative ACB affects the usual practice of general anesthesia. This
study aimed to answer these three questions through a comprehensive review of pre-
anesthesia, anesthesia, post-anesthesia recovery care unit (PACU) and of postoperative
visit records of patients who underwent primary TKA under general anesthesia.

2. Materials and Methods

This study was approved by the Institutional Review Board of Kaohsiung Chang
Gung Memorial Hospital (IRB number: 202100276B0). Informed consent was waived due
to the retrospective nature of the study. All methods were performed in accordance with
the relevant guidelines and regulations. The medical and anesthesia records of patients
who underwent primary TKA between January 2019 and December 2019 were retrieved
from the hospital’s electronic database. Data during the PACU stay, and data from routine
postoperative daily visits, which were performed by well-trained nurse anesthetists within
24 h after surgery, were also reviewed. The exclusion criteria included spinal anesthesia,
desflurane anesthesia, anesthesia without bispectral index monitoring (BIS), and records
with missing data.

The patients were divided into three groups: patients in Group A received gen-
eral anesthesia only, patients in Group B received preoperative ACB before inducing
general anesthesia, and patients in Group C received postoperative ACB at the PACU.
General anesthesia was induced using Propofol (1–2 mg/kg) as a standard practice in our
hospital [15]. The use of rocuronium (1 mg/kg), cis-atracurium (0.2 mg/kg), alfentanil
(10 mcg/kg), and sevoflurane (1–1.3 MAC) depended on the anesthesiologist’s preferences,
and a fresh gas flow of 50% oxygen with air was maintained at 1 L/min. The BIS score was
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maintained in the range of 40–60 during anesthesia. ACB was performed as described in
our recent study [15], using an ultrasound-guided technique with a total injection volume
of 21 mL, which was a mixture of 10 mL 0.5% levobupivacaine, 5 mL 2% lidocaine, 5 mL
normal saline, and 1 mL dexamethasone. The timing of preoperative or postoperative
ACB depended on the anesthesiologist’s preference. Options for postoperative pain control
included intravenous opioids and intravenous parecoxib. The visual analog scale (VAS,
0–10) was used to assess the postoperative pain response. The VAS score was also used as
an indicator of the efficacy of the pain treatment modality in the ward. VAS scores were
obtained when patients were at rest or during continuous passive motion (CPM) training.
The length of stay after surgery and patient satisfaction (1–5) were also recorded upon
discharge from the PACU and hospital.

Statistical Analysis

Numerical variables were tested using one-way analysis of variance and expressed
as medians (interquartile range (IQR)). Bonferroni correction was used for the post-hoc
analysis. The chi-square or Fisher’s exact test was used to analyze the categorical vari-
ables. Statistical analyses were performed using SPSS (version 22.0; IBM Corp., Armonk,
NY, USA). Statistical significance was set at p < 0.05.

3. Results

A total of 887 medical and anesthesia records of patients who underwent primary
TKA were retrieved from the hospital’s electronic database. After exclusion, we included
652 patients for statistical analyses. We deliberately excluded patients who underwent
desflurane anesthesia because the number of cases was comparatively lesser (n = 47).
Patients were segregated into Group A (n = 281), Group B (n = 222), and Group C (n = 149),
as shown in Figure 1. Table 1 summarizes the demographic characteristics of the patients.
There was no significant difference in the distribution of sex, ASA physical status, or
comorbidities among the three groups. Age, body weight, and anesthesia time were similar
among the three groups of patients.
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Table 1. Demographic characteristics of patients who underwent primary total knee arthroplasty under bispectral index-
guided sevoflurane anesthesia, without adductor canal block (ACB) (Group A), with preoperative ACB (Group B), and with
postoperative ACB (Group C).

Variables Unit N(%)/Median
(IQR)

Group A
(without ACB)

Group B
(Preoperative ACB)

Group C
(Postoperative ACB) p Value

Sex Female
Male

478 (73.3%)
174 (26.7%)

200 (71.2%)
81 (28.8%)

165 (74.3%)
57 (25.7%)

113 (75.8%)
36 (24.2%) 0.533

Age years 70.0 (65.0–75.0) 70.0 (64.0–74.5) 70.0 (65.0–75.0) 70.5 (64.5–76.0) 0.093

Weight kg 67.0 (59.0–76.0) 67.0 (60.0–77.0) 67.0 (59.0–77.0) 67.0 (59.0–74.0) 0.319

ASA Physical
Status

I
II
III

1 (0.2%)
401 (61.5%)
250 (38.3%)

0 (0.0%)
165 (58.7%)
116 (41.3%)

0 (0.0%)
133 (59.9%)
89 (40.1%)

1 (0.7%)
103 (69.1%)
45 (30.2%)

0.123

Anesthesia
Time hour 3.08 (2.83–3.50) 3.09 (2.88–3.58) 3.08 (2.82–3.45) 3.08 (2.80–3.50) 0.079

Hypertension Yes 392 (60.1%) 174 (61.9%) 131 (59.0%) 87 (58.4%) 0.711

Diabetes Yes 158 (24.2%) 76 (27.0%) 54 (24.3%) 28 (18.8%) 0.164

COPD Yes 4 (0.6%) 2 (0.7%) 1 (0.5%) 1 (0.7%) 0.925

CAD Yes 16 (2.5%) 10 (3.6%) 2 (0.9%) 4 (2.7%) 0.120

CHF Yes 1 (0.2%) 0 (0.0%) 1 (0.5%) 0 (0.0%) 0.342

CVA Yes 11 (1.7%) 6 (2.1%) 2 (0.9%) 3 (2.0%) 0.497

ESRD Yes 12 (1.8%) 6 (2.1%) 5 (2.3%) 1 (0.7%) 0.404

Cancer Yes 34 (5.2%) 18 (6.4%) 9 (4.1%) 7 (4.7%) 0.474

Numerical values are expressed as median (interquartile range) or number (%). COPD, chronic obstructive pulmonary disease; CAD,
coronary artery disease; CHF, congestive heart failure; CVA, cerebral vascular accident; ESRD, end-stage renal disease.

The effects of ACB on the intraoperative and postoperative courses are summa-
rized in Table 2. Hourly consumption of sevoflurane (mL/kg/h) was similar among
the three groups; the median consumption levels in Group A, Group B, and Group C were
0.21 (0.17–0.26) mL/h, 0.20 (0.17–0.25) ml/h, and 0.21 (0.17–0.26), respectively. We con-
verted all of the opioids used in the study into a unified unit [16] and milligram morphine
equivalent (MME) for comparison among the three groups. The intraoperative hourly per
kg opioid consumption was significantly higher in Groups A and C than in Group B—0.078
(0.059–0.098) MME, 0.078 (0.062–0.092) MME, and 0.065 (0.048–0.088) MME, respectively.
The incidence of intraoperative hypertension (systolic blood pressure > 30% of baseline)
was significantly higher in Groups A and C than in Group B (67.6% and 61.7% versus
52.7%, respectively). In the PACU, a slightly higher opioid consumption was noted in
Group A than in Groups B and C; however, the difference was not significant. There was a
significant difference in the VAS scores among the three groups upon discharge from the
PACU (4.0 (4.0–4.0), 2.0 (2.0–2.0), and 1.0 (1.0–1.0), respectively (Table 2)). Higher patient
satisfaction was recorded in Group C patients upon discharge from the PACU. A signifi-
cantly higher per kg opioid consumption was found in Group A than in Groups B and C in
the ward, 0.134 (0.113–0.156) MME, 0.120 (0.101–0.139) MME, and 0.104 (0.087–0.121) MME,
respectively. VAS scores were assessed at two different instances in the ward: with the leg
in the resting state and the leg in continuous passive motion (CPM). The VAS scores were
significantly higher in Group A than in Groups B and C in the leg resting state, 3.0 (3.0–5.0),
2.0 (1.0–2.0), and 1.0 (1.0–2.0), respectively. In addition, significantly higher VAS scores
were recorded in Group A than in Groups B and C while undergoing CPM training—3.0
(3.0–5.0), 2.0 (2.0–3.0), and 2.0 (1.0–2.0), respectively. CPM was routinely performed 8 h after
TKA; more patients in Group A than in Groups B and C refused to continue CPM training
due to intolerable CPM-associated pain (34%, 27.0%, and 20.1%, respectively). There was
no significant difference in PON, POV, postoperative dizziness, or patient satisfaction
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among the three groups. No accidental falls or ACB-related complications were observed.
Patients in Group A had a significantly longer length of stay as compared with those of
Groups B and C—4.5 (4.0–5.0) days, 4.0 (3.5–5.0) days, and 4.0 (3.5–5.0) days, respectively.

Table 2. Intraoperative and postoperative presentations of patients who underwent knee arthroscopic surgery under
bispectral index-guided sevoflurane anesthesia without adductor canal block (ACB) (Group A), with preoperative ACB
(Group B), and with postoperative ACB (Group C).

Variables Unit N(%)/Median
(IQR)

Group A
(without ACB)

Group B
(Preoperative ACB)

Group C
(Postoperative ACB) p Value

Intraoperative

Sevoflurane mL/kg/h 0.20 (0.17–0.25) 0.21 (0.17–0.26) 0.20 (0.17–0.25) 0.21 (0.17–0.26) 0.519

Opioid
(MME) mg/kg/h 0.074

(0.056–0.095)
0.078

(0.059–0.098) 0.065 (0.048–0.088) 0.078 (0.062–0.092) <0.001

↑>30% SBP Yes 399 (61.2%) 190 (67.6%) 117 (52.7%) 92 (61.7%) 0.003

PACU

Opioid
(MME) mg/kg 0.0 (0.0–0.044) 0.0 (0.0–0.048) 0.0 (0.0–0.043) 0.0 (0.0–0.040) 0.089

Pain VAS 0–10 3.0 (2.0–3.0) 4.0 (4.0–4.0) 2.0 (2.0–2.0) 1.0 (1.0–1.0) <0.001

Satisfaction 1–5 5.0 (4.0–5.0) 4.0 (4.0–4.0) 4.0 (4.0–5.0) 5.0 (4.0–5.0) <0.001

In Ward

Opioid
(MME) mg/kg 0.118

(0.107–0.129)
0.134

(0.113–0.156) 0.110 (0.101–0.139) 0.104 (0.087–0.121) 0.045

Parecoxib
40 mg Yes 636 (97.5%) 271 (96.4%) 218 (98.2%) 147 (98.6%) 0.179

Pain VAS
at Rest 0–10 2.0 (1.0–3.0) 3.0 (3.0–5.0) 2.0 (1.0–2.0) 1.0 (1.0–2.0) <0.001

Pain VAS
at CPM 0–10 2.0 (2.0–3.0) 3.0 (3.0–5.0) 2.0 (2.0–3.0) 2.0 (1.0–2.0) <0.001

Intolerant
CPM Pain on

1st Time
188 (28.2%) 98 (34.9%) 60 (27.0%) 30 (20.1%) 0.004

Satisfaction 1–5 5.0 (4.0–5.0) 5.0 (4.0–5.0) 5.0 (4.0–5.0) 5.0 (4.0–5.0) 0.95

Length of Stay days 4.0 (3.5–5.0) 4.5 (3.5–5.0) 4.0 (3.5–5.0) 4.0 (3.5–5.0) 0.006

Dizziness Yes 49 (7.5%) 22 (7.8%) 16 (7.2%) 11 (7.4%) 0.964

PON Yes 30 (4.6%) 15 (5.3%) 9 (4.1%) 6 (4.0%) 0.737

POV Yes 87 (13.3%) 44 (15.7%) 22 (9.9%) 21 (14.1%) 0.162

Numerical values are expressed as median (interquartile range) or number (%). MME, milligram morphine equivalent; CPM, continuous
passive movement; PON, postoperative nausea; POV, postoperative vomiting.

4. Discussion

TKA is generally considered an effective treatment for end-stage knee OA [17]. How-
ever, patients can suffer from severe postoperative pain [10,11] after surgery due to exten-
sive bone resection [18] and soft tissue manipulation [19,20]. ACB has gained popularity
for the treatment of postoperative pain in TKA patients in the recent years [14,21,22]. One
of the interesting findings revealed in this study was that the hourly consumption of
sevoflurane was similar among the three groups of patients, despite preoperative ACB
being performed in Group B patients. This raised the fundamental question of whether pre-
operative ACB could alleviate surgical pain during surgery. This result was in contrast to
our recently published study [15] that patients who received preoperative ACB consumed
less sevoflurane than those who did not receive ACB in knee arthroscopic surgery. One
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might consider that TKA involves a broader area of bone and tissue destruction, and the
associated pain would be more intense compared to that of knee arthroscopic surgery [23];
therefore, all TKA patients should require a fairly similar dose of sevoflurane, despite
preoperative ACB being performed. Second, ACB does not provide analgesia over the
whole knee, as it targets the saphenous nerve and the nerve to the vastus medialis, which
contributes to the innervation of the anteromedial knee joint [24]. On the other hand, our
results also showed that intraoperative opioid consumption was significantly lower in
Group B than in Groups A and C. Hence, it is reasonable to assume that the conserved
doses of sevoflurane in Groups A and C were at the expense of higher intraoperative opioid
consumption in these two groups. In fact, all of the patients in this study were under
BIS-guided general anesthesia, and the BIS score was maintained in the range of 40–60
to ensure adequate anesthesia depth in these patients. The higher dose of intraoperative
opioids consumed by patients in Groups A and C was intended to suppress the inherent
surgical-induced stress, although hypertension was the only available index to reflect the
stress. This result supports the effectiveness of preoperative ACB in lowering intraoperative
surgical stress induced by TKA. This was also supported by the fact that fewer patients in
Group B developed intraoperative hypertension compared with patients in Groups A and
C. This is particularly important for elderly patients with impaired cardiovascular func-
tion because preoperative ACB can facilitate a stable hemodynamic state during surgery.
Previous reports have shown that a prolonged fluctuation of the mean blood pressure
that is more than 35% from baseline is significantly associated with the occurrence of a
postoperative stroke [25,26].

Patients in Group A required more opioids at the PACU than patients in Groups B and
C; however, this difference was not significant. This may suggest that acute postoperative
pain in TKA is severe and that some patients, even with ACB, may require opioids for such
acute postoperative pain, as ACB could not offer a completely pain-free knee and leave the
posterior and lateral aspects of the knee unprotected. Another interesting finding regarding
patient satisfaction for ACB upon discharge from PACU was that patients who received
postoperative ACB (Group B) had higher satisfaction scores than patients in Groups A
and C. This finding was not in accordance with the general concept of the preemptive
nature of analgesic drugs for postoperative pain treatment [27,28]. Patients who received
postoperative ACB showed a higher appreciation of the block, further supporting the
effectiveness of ACB in lowering acute postoperative pain. It is reasonable to speculate
that patients with preoperative ACB had a lower appreciation of ACB because they did not
have an internal control of no ACB, as in Group C patients.

Encouragement of early mobilization is an important strategy to avoid postoperative
knee stiffness and other complications after TKA [29]. Continuous passive motion (CPM)
is an adjunct therapy for the initiation of early mobilization of the operated knee in patients
that underwent TKA [30,31]. Adequate postoperative pain management encourages pa-
tients to participate in the CPM rehabilitation program [32] and facilitates a faster recovery
to normal activities [33]. In addition, our study found that more patients in Group A quit
their first CPM training because of intolerable pain after the first few cycles of passive
motion training; these patients also had higher VAS scores than patients with ACB. Early
mobilization is particularly important for elderly patients to avoid postoperative knee
stiffness and a second surgery. Satisfaction after TKA for OA is usually high because of its
cost-effectiveness [34] and high success for symptomatic and functional improvement [35].
Our study further supports the cost-effectiveness of ACB due to the reduction in the length
of hospitalization.

There are a few limitations to our study. First, our study may have suffered from poten-
tial bias inherent to retrospective studies. Second, stress hormones and cytokines, indicators
of stress to trauma and surgery [36], were not measured in this study. Selected hormonal
responses to surgery have been reported to reflect the degree of surgical stress [37]. It is
reasonable to speculate that patients without ACB and patients with preoperative ACB
should have a significant difference in surgery-induced hormonal values between these
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two groups of patients. Third, objective monitoring of intraoperative nociception was
not available in this study, justifying the higher intraoperative consumption of opioids
in Groups A and C patients, as the presumed nociception may be biased. Since two of
the possible sources of intraoperative hypertension are surgical-induced nociception and
reflectively enhanced sympathetic activity, objective nociception monitoring [38] is crucial
to differentiate between these two sources. Fourth, long-term follow-up for patients with
or without ACB who developed chronic pain was not available in this study.

We concluded that, first, both preoperative and postoperative ACB reduced the
postoperative VAS scores and opioid consumption at the PACU and the ward, as well
as led to a shorter length of hospital stay. Second, preoperative ACB could be a better
choice for patients undergoing TKA as it decreases intraoperative opioid consumption
and facilitates a stable hemodynamic state during surgery. Third, further studies are
necessary to verify our results, especially involving the measurements of stress hormones
and objective nociception monitoring during surgery.

Author Contributions: Conceptualization, Y.-Y.P. and S.-C.W.; methodology, W.-Y.C.; software,
J.-C.C.; validation, W.-Y.C., H.-F.L.; formal analysis, J.-C.C.; investigation, C.-T.H.; resources, W.-Y.C.
and H.-F.L.; data curation, H.-F.L.; writing—original draft preparation, Y.-Y.P.; writing—review and
editing, J.C.-S.Y.; visualization; supervision, S.-C.W.; project administration, C.-T.H. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of Kaohsiung Chang Gung Memorial Hospital (IRB number: 202100276B0).

Informed Consent Statement: The Board waived the need to obtain informed consent because of
the retrospective nature of the study.

Data Availability Statement: The data presented in this study are available from the corresponding
authors upon reasonable request.

Acknowledgments: We appreciate the assistance of the graphical abstract by Bai-Chuan Su, Founder
of Stardust Anesthesia Specialists. Kaohsiung Chang Gung Memorial Hospital.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations DESA, Population Division. World Population Ageing 2019: Highlights; United Nations: New York, NY, USA, 2019.
2. Loeser, R.F.; Collins, J.A.; Diekman, B.O. Ageing and the Pathogenesis of Osteoarthritis. Nat. Rev. Rheumatol. 2016, 12, 412–420.

[CrossRef]
3. Fransen, M.; Bridgett, L.; March, L.; Hoy, D.; Penserga, E.; Brooks, P. The Epidemiology of Osteoarthritis in Asia. Int. J. Rheum.

Dis. 2011, 14, 113–121. [CrossRef]
4. National Development Council. Population Projections for Republic of China (Taiwan); Taiwan, 2014–2060. p. 2014. Available online:

https://eng.stat.gov.tw/ct.asp?xItem=10007&CtNode=2203&mp=5 (accessed on 16 May 2021).
5. Lin, F.H.; Chen, H.C.; Lin, C.; Chiu, Y.L.; Lee, H.S.; Chang, H.; Huang, G.S.; Chang, H.L.; Yeh, S.J.; Su, W.; et al. The Increase in

Total Knee Replacement Surgery in Taiwan: A 15-Year Retrospective Study. Medicine 2018, 97, e11749. [CrossRef]
6. Sloan, M.; Premkumar, A.; Sheth, N.P. Projected Volume of Primary Total Joint Arthroplasty in the US, 2014 to 2030. J. Bone Jt.

Surg. Am. 2018, 100, 1455–1460. [CrossRef]
7. Papas, P.V.; Cushner, F.D.; Scuderi, G.R. The History of Knee Arthroplasty. Tech. Orthop. 2018, 33, 2–6. [CrossRef]
8. Font-Rodriguez, D.E.; Scuderi, G.R.; Insall, J.N. Survivorship of Cemented Total Knee Arthroplasty. Clin. Orthop. Relat. Res. 1997,

345, 79–86. [CrossRef]
9. Sizer, S.C.; Cherian, J.J.; Elmallah, R.D.; Pierce, T.P.; Beaver, W.B.; Mont, M.A. Predicting Blood Loss in Total Knee and Hip

Arthroplasty. Orthop. Clin. 2015, 46, 445–459. [CrossRef]
10. Husted, H.; Lunn, T.H.; Troelsen, A.; Gaarn-Larsen, L.; Kristensen, B.B.; Kehlet, H. Why Still in Hospital After Fast-Track Hip and

Knee Arthroplasty? Acta Orthop. 2011, 82, 679–684. [CrossRef]
11. Parvizi, J.; Miller, A.G.; Gandhi, K. Multimodal Pain Management after Total Joint Arthroplasty. J. Bone Jt. Surg. Am. 2011,

93, 1075–1084. [CrossRef] [PubMed]
12. Lund, J.; Jenstrup, M.T.; Jaeger, P.; Sørensen, A.M.; Dahl, J.B. Continuous Adductor-Canal-Blockade for Adjuvant Post-Operative

Analgesia after Major Knee Surgery: Preliminary Results. Acta Anaesthesiol. Scand. 2010, 55, 14–19. [CrossRef] [PubMed]
13. Kolli, S.; Malik, M.F. The Adductor Canal Block: A Clinical Review. Curr. Anesthesiol. Rep. 2019, 9, 291–294. [CrossRef]

http://doi.org/10.1038/nrrheum.2016.65
http://doi.org/10.1111/j.1756-185X.2011.01608.x
https://eng.stat.gov.tw/ct.asp?xItem=10007&CtNode=2203&mp=5
http://doi.org/10.1097/MD.0000000000011749
http://doi.org/10.2106/JBJS.17.01617
http://doi.org/10.1097/BTO.0000000000000286
http://doi.org/10.1097/00003086-199712000-00012
http://doi.org/10.1016/j.ocl.2015.06.002
http://doi.org/10.3109/17453674.2011.636682
http://doi.org/10.2106/JBJS.J.01095
http://www.ncbi.nlm.nih.gov/pubmed/21655901
http://doi.org/10.1111/j.1399-6576.2010.02333.x
http://www.ncbi.nlm.nih.gov/pubmed/21039357
http://doi.org/10.1007/s40140-019-00335-y


J. Pers. Med. 2021, 11, 622 8 of 8

14. Schnabel, A.; Reichl, S.U.; Weibel, S.; Zahn, P.K.; Kranke, P.; Pogatzki-Zahn, E.; Meyer-Frießem, C.H. Adductor Canal Blocks for
Postoperative Pain Treatment in Adults Undergoing Knee Surgery. Cochrane Database Syst. Rev. 2019. [CrossRef]

15. Wu, S.C.; Hsu, C.Y.; Lu, H.F.; Chen, C.C.; Hou, S.Y.; Poon, Y.Y. Earlier Is Better? Timing of Adductor Canal Block for Arthroscopic
Knee Surgery under General Anesthesia: A Retrospective Cohort Study. Int. J. Environ. Res. Public Health 2021, 18, 3945.
[CrossRef]

16. Back, I.N. Palliative Medicine Handbook, 3rd ed.; BPM Books: Cardiff, Wales, UK, 2001.
17. Carr, A.J.; Robertsson, O.; Graves, S.; Price, A.J.; Arden, N.K.; Judge, A.; Beard, D.J. Knee Replacement. Lancet 2012, 379, 1331–1340.

[CrossRef]
18. Blakeney, W.; Beaulieu, Y.; Puliero, B.; Kiss, M.O.; Vendittoli, P.A. Bone Resection for Mechanically Aligned Total Knee Arthroplasty

Creates Frequent Gap Modifications and Imbalances. Knee Surg. Sports Traumatol. Arthrosc. 2020, 28, 1532–1541. [CrossRef]
19. Osei, D.A.; Rebehn, K.A.; Boyer, M.I. Soft-Tissue Defects after Total Knee Arthroplasty: Management and Reconstruction. J. Am.

Acad. Orthop. Surg. 2016, 24, 769–779. [CrossRef]
20. Kayani, B.; Konan, S.; Pietrzak, J.R.T.; Haddad, F.S. Iatrogenic Bone and Soft Tissue Trauma in Robotic-Arm Assisted Total Knee

Arthroplasty Compared with Conventional Jig-Based Total Knee Arthroplasty: A Prospective Cohort Study and Validation of a
New Classification System. J. Arthroplast. 2018, 33, 2496–2501. [CrossRef]

21. Jiang, X.; Wang, Q.Q.; Wu, C.A.; Tian, W. Analgesic Efficacy of Adductor Canal Block in Total Knee Arthroplasty: A Meta-Analysis
and Systematic Review. Orthop. Surg. 2016, 8, 294–300. [CrossRef]

22. Tan, Z.; Kang, P.; Pei, F.; Shen, B.; Zhou, Z.; Yang, J. A Comparison of Adductor Canal Block and Femoral Nerve Block After
Total-Knee Arthroplasty Regarding Analgesic Effect, Effectiveness of Early Rehabilitation, and Lateral Knee Pain Relief in the
Early Stage. Medicine 2018, 97, e13391. [CrossRef]

23. Sehmbi, H.; Brull, R.; Shah, U.J.; El-Boghdadly, K.; Nguyen, D.; Joshi, G.P.; Abdallah, F.W. Evidence Basis for Regional Anesthesia
in Ambulatory Arthroscopic Knee Surgery and Anterior Cruciate Ligament Reconstruction: Part II: Adductor Canal Nerve
Block-A Systematic Review and Meta-Analysis. Anesth. Analg. 2019, 128, 223–238. [CrossRef]

24. Burckett-St Laurant, D.; Peng, P.; Girón Arango, L.; Niazi, A.U.; Chan, V.W.; Agur, A.; Perlas, A. The Nerves of the Adductor
Canal and the Innervation of the Knee: An Anatomic Study. Reg. Anesth. Pain Med. 2016, 41, 321–327. [CrossRef] [PubMed]

25. Bijker, J.B.; Gelb, A.W. Review Article: The Role of Hypotension in Perioperative Stroke. Can. J. Anaesth. 2013, 60, 159–167.
[CrossRef] [PubMed]

26. Bijker, J.B.; Persoon, S.; Peelen, L.M.; Moons, K.G.; Kalkman, C.J.; Kappelle, L.J.; van Klei, W.A. Intraoperative Hypotension and
Perioperative Ischemic Stroke After General Surgery: A Nested Case-Control Study. Anesthesiology 2012, 116, 658–664. [CrossRef]
[PubMed]

27. Bayar, U.; Basaran, M.; Atasoy, N.; Ayoglu, H.; Sade, H.; Altunkaya, H. Comparison of Satisfaction and Pain Relief Between
Patients-Controlled Analgesia and Interval Analgesia After Laparoscopic Ovarian Cystectomy. J. Psychosom. Obstet. Gynecol.
2008, 29, 139–145. [CrossRef]

28. Metry, A.A.; Wahba, R.M.; Nakhla, G.M.; Abdelmalek, F.A.; Ragaei, M.Z.; Fahmy, N.G. Comparative Study Between Preemptive
and Postoperative Intra-Articular Injection of Levobupivacaine and Tramadol for Control of Postoperative Pain. Anesth. Essays
Res. 2019, 13, 84–90. [CrossRef]

29. Xu, J.; Zhang, J.; Wang, X.Q.; Wang, X.L.; Wu, Y.; Chen, C.C.; Zhang, H.Y.; Zhang, Z.W.; Fan, K.Y.; Zhu, Q.; et al. Effect of Joint
Mobilization Techniques for Primary Total Knee Arthroplasty: Study Protocol for a Randomized Controlled Trial. Medicine 2017,
96, e8827. [CrossRef]

30. Brosseau, L.; Milne, S.; Wells, G.; Tugwell, P.; Robinson, V.; Casimiro, L.; Pelland, L.; Noel, M.J.; Davis, J.; Drouin, H. Efficacy of
Continuous Passive Motion Following Total Knee Arthroplasty: A Metaanalysis. J. Rheumatol. 2004, 31, 2251–2264.

31. Harvey, L.A.; Brosseau, L.; Herbert, R.D. Continuous Passive Motion Following Total Knee Arthroplasty in People with Arthritis.
Cochrane Database Syst. Rev. 2014, CD004260. [CrossRef]

32. Chen, M.C.; Lin, C.C.; Ko, J.Y.; Kuo, F.C. The Effects of Immediate Programmed Cryotherapy and Continuous Passive Motion in
Patients After Computer-Assisted Total Knee Arthroplasty: A Prospective, Randomized Controlled Trial. J. Orthop. Surg. Res.
2020, 15, 379. [CrossRef]

33. Elmallah, R.K.; Cherian, J.J.; Pierce, T.P.; Jauregui, J.J.; Harwin, S.F.; Mont, M.A. New and Common Perioperative Pain Manage-
ment Techniques in Total Knee Arthroplasty. J. Knee Surg. 2016, 29, 169–178. [CrossRef]

34. Higashi, H.; Barendregt, J.J. Cost-Effectiveness of Total Hip and Knee Replacements for the Australian Population With Os-
teoarthritis: Discrete-Event Simulation Model. PLoS ONE 2011, 6, e25403. [CrossRef]

35. Ethgen, O.; Bruyère, O.; Richy, F.; Dardennes, C.; Reginster, J.Y. Health-Related Quality of Life in Total Hip and Total Knee
Arthroplasty. A Qualitative and Systematic Review of the Literature. J. Bone Jt. Surg. Am. 2004, 86, 963–974. [CrossRef]

36. Desborough, J.P. The Stress Response to Trauma and Surgery. Br. J. Anaesth. 2000, 85, 109–117. [CrossRef]
37. Chernow, B.; Alexander, H.R.; Smallridge, R.C.; Thompson, W.R.; Cook, D.; Beardsley, D.; Fink, M.P.; Lake, C.R.; Fletcher, J.R.

Hormonal Responses to Graded Surgical Stress. Arch. Intern. Med. 1987, 147, 1273–1278. [CrossRef]
38. Ledowski, T. Objective Monitoring of Nociception: A Review of Current Commercial Solutions. Br. J. Anaesth. 2019, 123, e312–e321.

[CrossRef]

http://doi.org/10.1002/14651858.CD012262.pub2
http://doi.org/10.3390/ijerph18083945
http://doi.org/10.1016/S0140-6736(11)60752-6
http://doi.org/10.1007/s00167-019-05562-8
http://doi.org/10.5435/JAAOS-D-15-00241
http://doi.org/10.1016/j.arth.2018.03.042
http://doi.org/10.1111/os.12268
http://doi.org/10.1097/MD.0000000000013391
http://doi.org/10.1213/ANE.0000000000002570
http://doi.org/10.1097/AAP.0000000000000389
http://www.ncbi.nlm.nih.gov/pubmed/27015545
http://doi.org/10.1007/s12630-012-9857-7
http://www.ncbi.nlm.nih.gov/pubmed/23239486
http://doi.org/10.1097/ALN.0b013e3182472320
http://www.ncbi.nlm.nih.gov/pubmed/22277949
http://doi.org/10.1080/01674820701661112
http://doi.org/10.4103/aer.AER_20_19
http://doi.org/10.1097/MD.0000000000008827
http://doi.org/10.1002/14651858.CD004260.pub3
http://doi.org/10.1186/s13018-020-01924-y
http://doi.org/10.1055/s-0035-1549027
http://doi.org/10.1371/journal.pone.0025403
http://doi.org/10.2106/00004623-200405000-00012
http://doi.org/10.1093/bja/85.1.109
http://doi.org/10.1001/archinte.1987.00370070087013
http://doi.org/10.1016/j.bja.2019.03.024

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

