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Background: Preoperative pain in the symptomatic knee may predict postoperative
pain severity in patients undergoing total knee arthroplasty (TKA). However, the effect
of preoperative pain external to the knee on postoperative pain is unclear. This study
evaluated postoperative pain outcomes in TKA patients according to the presence of
preoperative pain in the knee only or in the knee and external to the knee.
Methods: We retrospectively assessed medical records of patients who underwent unilateral TKA. The relationship between reported preoperative pain characteristics and
morphine equivalent consumption or numerical rating scale (NRS) pain scores on postoperative day (POD) 0–3 was assessed using a multivariable generalized linear model.

Corresponding author
Jung-Won Hwang, M.D., Ph.D.
Department of Anesthesiology
and Pain Medicine, Seoul National
University Bundang Hospital, 82
Gumi-ro 173beon-gil, Bundang-gu,
Seongnam 13620, Korea
Tel: 82-31-787-7499
Fax: 82-31-787-4063
E-mail: jungwon@snubh.org
ORCID

https://orcid.org/0000-0002-0887-6889

Results: In total, 3,429 adult patients who underwent their first TKA were included;
2,864 (83.5%) patients preoperatively experienced only knee pain and 565 (16.5%)
knee pain with external to knee pain. Preoperative pain in the knee and external to the
knee was associated with 5% higher morphine equivalent consumption on POD 0–3
compared to preoperative knee pain only (exponentiated regression coefficient: 1.05;
95% confidence interval: 1.02 to 1.09; P = 0.004). However, the NRS pain scores on
POD 0, 1, 2, and 3 and adjuvant analgesics consumption (acetaminophen and ketorolac) on POD 0–3 were not significantly different between the two groups (P > 0.05).
Conclusions: This study showed that there was an increase of morphine equivalent consumption during POD 0–3 in patients with preoperative knee pain with external to knee
pain than in patients with preoperative only knee pain.
Keywords: Analgesics, opioid; Arthralgia; Pain, postoperative.

INTRODUCTION

TKA, 20% are reported to experience persistent postsurgical
pain [3], and high pain intensity in the acute postoperative

Total knee arthroplasty (TKA) is one of the most performed

period is a high predictor for chronic postoperative pain [4].

surgical procedures in the United States [1]. The primary pur-

Therefore, an understanding of acute postoperative pain is

poses of TKA include pain relief, and improvement in mobil-

important from a clinical perspective, i.e., it is crucial to un-

ity and health-related quality of life in patients with advanced

derstand the conditions under which severe postoperative

knee osteoarthritis [2]. Among the patients who undergo

pain occurs.
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Considering that severe osteoarthritis (OA)—one of the
most frequent indications of TKA—occurs frequently in older

Perioperative care for patients undergoing TKA
under spinal anesthesia

female patients [5], patients who are scheduled for TKA likely
have other concomitant illnesses, such as fibromyalgia or

Anesthesiologists administered spinal anesthesia with hy-

other musculoskeletal conditions. In such painful musculo-

perbaric local anesthetics (Marcaine Spinal 0.5% Heavy, Astra

skeletal conditions, increased pain sensitivity in response to

Zeneca, Sweden) and fentanyl 10–15 µg for unilateral TKA.

a variety of pain stimuli has been reported in patients with

The objective block level was T10, and after confirming the

OA at sites both over and away from symptomatic joints [6,7].

appropriateness of the block level, sedation was performed

Widespread pain or hyperalgesia has been found in some se-

during the surgery using propofol or dexmedetomidine. Post-

vere knee OA patients, and this is most likely due to impaired

operative pain management was performed using fentanyl-

pain inhibition, which suggests “central sensitization” [8].

based intravenous (IV) patient-controlled analgesia (PCA).

Central sensitization at the level of the dorsal horn includes

The regimen, based on the patient’s weight and underlying

temporal and spatial summation, and is characterized by an

diseases, was as follows: fentanyl 8–15 µg ml−1, 1 ml bolus

increased pain response to repeated stimulation or to a larger

dose without background infusion, and a 10-min lockout

area of stimulation, respectively [9]. Among these summa-

time. IV PCA (100 ml total) was mostly used on postoperative

tions, spatial summation from various stimuli is known as

day (POD) 0–1, and additional opioid analgesics (e.g., mor-

an important factor for developing central sensitization in

phine, fentanyl, oxycodone) were used after IV PCA, as per

patients with fibromyalgia [10]. From this perspective, preop-

the patient’s request or the surgeon’s decision. For adjuvant

erative musculoskeletal chronic pain, not caused by a symp-

pain control, either periarticular injection was given by the

tomatic knee joint, could affect postoperative pain after TKA

surgeon during surgery, or femoral nerve block was admin-

by spatial summation; however, information regarding this

istered by the anesthesiologist. While 0.375% ropivacaine

issue is still lacking.

with morphine was used for intraoperative periarticular in-

Therefore, this study aimed to assess the effects of preop-

jection, 0.2% ropivacaine was infused through a catheter for

erative chronic pain—divided into knee pain only and knee

femoral nerve block, at a rate of 4 ml per hour, from the start

pain with external to knee pain—on the pain outcome after

of the surgery until 48 h after the operation. To avoid the ef-

TKA under spinal anesthesia.

fects of local anesthetic toxicity, the attending physician first
aspirated through the needle before injection to avoid blood

MATERIALS AND METHODS

injection, and injected a small test dose (1–2 ml) to check for
immediate toxicity before injecting the full dose.

This study was a retrospective observational study and was
performed with the Institutional Review Board (IRB) approval

Pain reporting system

(no. B-1711/432-103). The requirement for informed consent
The location and intensity of pain at all sites experienced

study. The study was based on the medical records of adult

by the patients 1–2 days prior to TKA surgery are routinely

patients who were 20 years or older and were admitted be-

recorded at our institution. The pain can be classified as a

tween January 2005 and October 2017 for elective TKA under

mixed-type pain, which involves somatic and neuropathic

spinal anesthesia. The following cases were excluded from

pain. The information on location of pain includes all the

the analysis: those with incomplete medical records regard-

body sites at which the patient experienced pain at admis-

ing opioid usage or pain score; those with reoperation within

sion. Pain intensity was represented using the numeric rating

3 days of the original operation; or those who underwent a

scale (NRS) score, ranging from 0 to 10. The patients were

second TKA, which reportedly causes more severe pain in the

divided into two groups (based on the pain location as only

patients [11].

knee pain and knee pain with external to knee pain) according to the preoperative pain reports. Postoperative pain intensity was also checked using the NRS scores during rest and
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was waived by the IRB due to the retrospective nature of the
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during movement, and all checks were regularly performed

Statistical analysis

once every 4–6 h by registered nurses.
The baseline characteristics of the patients were repre-

Measurement

sented using mean with standard deviation (SD) and number
with percentage. In order to assess how each variable affects

Data collected for the study included demographic infor-

the morphine equivalent consumption for POD 0–3, we per-

mation (age, sex, and body mass index), American Society

formed a generalized linear regression analysis. In the uni-

of Anesthesiologists physical status, Charlson comorbidity

variable generalized linear model (GLM), the covariates with

index [12], intraoperative sedative uses (propofol or dexme-

P < 0.2 for our two main independent variables (preoperative

detomidine), preoperative analgesics use (opioid analgesics

pain and analgesics use) were then selected for further analy-

and non-opioid analgesics) and postoperative pain outcome

sis using a multivariable GLM.

for POD 0–3 (morphine equivalent consumption, NRS pain

Next, we performed 10 multivariable GLMs according to

scores, and adjuvant analgesics use [acetaminophen and ke-

the preoperative pain site for 10 dependent variables: postop-

torolac]). Preoperative non-opioid analgesics did not include

erative NRS 0, 1, 2, and 3, and adjuvant analgesic consump-

anticonvulsants or antidepressants, and generally, all preop-

tion (acetaminophen and ketorolac) after TKA. The backward

erative regular medications were re-started after surgery at

variable selection method with an elimination criterion of

POD 0. The postoperative NRS pain scores during rest and

0.05 was used to fit the final multivariable model for these 10

movement were represented using an average daily value of

dependent variables. For the GLMs, gamma distribution was

the multiple assessments made on each day, and morphine

assumed and the log link function was used for all dependent

equivalent consumption was derived by converting all intravenous and oral opioid analgesics used by the patients into
their morphine equivalents (mg), according to the standard
conversion ratio [13] (Table 1). All medical records were collected by medical record technicians who were blinded to the
purpose of the study. The main researchers of the study were
blinded to the patient characteristics until after the statistical
analyses had been completed.

Table 1. Equianalgesic Opioid Conversion Table
Opioid

Administration
route

Morphine
Morphine
Hydromorphone
Fentanyl
Oxycodone
Codeine
Tramadol

Oral
Intravenous
Oral
Intravenous
Oral
Oral
Oral

Dose equivalent to 10 mg
of oral morphine (mg)
10
3.3
2
0.03
7
80
40

Fig. 1. Flow chart for patient selection.
TKA: total knee arthroplasty, POD: postoperative day.
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variables (morphine equivalent consumption, postoperative

Table 2. Patient Characteristics (n = 3,429)

NRS 0, 1, 2, and 3, and adjuvant analgesic consumption after

Characteristic

Value

TKA). The results of GLM were presented as exponentiated

Age (yr)
Body mass index (kg/m2)
Sex (male)
ASA classification
1
2
≥3
Charlson comorbidity index
≤2
>2
Surgery time (min)
Intraoperative propofol use
Intraoperative dexmedetomidine use
Preoperative pain reports
Pain in knee only
NRS
Knee pain + external knee pain
NRS
Regular non-opioid analgesics use
Regular opioid analgesics use
Postoperative pain outcome (NRS)
Resting pain POD 0
Resting pain POD 1
Resting pain POD 2
Resting pain POD 3
Moving pain POD 0
Moving pain POD 1
Moving pain POD 2
Moving pain POD 3
Analgesics consumption in POD 0–3
Morphine equivalent (mg)
Acetaminophen (mg)
Ketorolac use (mg)
Adjuvant pain management
Femoral nerve block
Intraoperative periarticular injection

70.7 ± 6.9
28.0 ± 4.6
318 (9.3)

regression coefficient (Exp. Coef) with 95% confidence interval (CI). IBM SPSS version 24.0 (IBM Corp., USA) was used
for all analyses, with the statistical significance set at P < 0.05.

RESULTS
Between January 2005 and October 2017, 4,232 patients
were admitted for TKA and 6,192 unilateral TKA procedures
were performed under spinal anesthesia. The following cases
were excluded from the study: 843 were excluded due to incomplete medical records on pain outcome; 8 were excluded
due to complication-related additional surgery on POD 0–3;
and 1,912 cases were excluded because the surgery involved
a second TKA. The final cohort included 3,429 adult (aged
≥ 20 years) patients who underwent their first TKA (Fig. 1).
The baseline characteristics of these patients are outlined
in Table 2. Among the entire cohort, 2,864 (83.5%) patients
experienced preoperative only knee pain with a mean NRS ±
SD of 4.7 ± 2.1, while 565 (16.5%) patients experienced knee
pain along with external to knee pain with a mean NRS ± SD
of 5.2 ± 2.1. Furthermore, 1,383 (40.3%) patients were receiving regular analgesics for pain control and 50 (1.5%) patients
were using opioid analgesics.

Morphine equivalent consumption during
postoperative day 0–3
Table 3 shows the results of the univariable GLM for the
morphine equivalent consumption on POD 0–3. The results

420 (12.2)
2,806 (81.8)
203 (5.9)
1.0 ± 0.9
186 (5.4)
109.4 ± 26.1
1,038 (30.3)
250 (7.3)
2,864 (83.5)
4.7 ± 2.1
565 (16.5)
5.2 ± 2.1
1,333 (38.9)
50 (1.5)
1.9 ± 1.5
2.3 ± 1.3
2.6 ± 1.1
2.7 ± 1.0
3.7 ± 2.0
3.9 ± 1.9
4.2 ± 1.8
4.2 ± 1.8
1,385.7 ± 508.3
2,650.2 ± 1,188.4
122.3 ± 54.8
2,377 (69.3)
3,342 (97.5)

Values are presented as mean ± SD or number (%). ASA: American Society of Anesthesiologists, NRS: numeric rating scale, POD: postoperative day.

of the multivariable GLM using the variables with P < 0.2 from
the univariable GLM are presented in Table 4. The results of

and intraoperative propofol use were associated, respective-

the final multivariable GLM are shown in Table 4. Morphine

ly, with a 11% (Exp. Coef: 0.89; 95% CI: 0.87 to 0.92; P < 0.001)

equivalent consumption on POD 0–3 was significantly 5%

and 4% (Exp. Coef: 0.96; 95% CI: 0.93 to 0.99; P = 0.004) lower

higher in the group with preoperative knee pain with external

morphine equivalent consumption during POD 0–3.

erative knee pain only (Exp Coef: 1.05; 95% CI, 1.02 to 1.09; P
= 0.004). Additionally, the morphine equivalent consumption

NRS pain score on postoperative day 0, 1, 2, 3
and adjuvant analgesics use

of patients in the non-opioid analgesic use group and opioid
analgesic use group was not significantly different from that

Table 5 shows the results of the multivariable GLM per-

of patients in the “no preoperative regular analgesics use”

formed using the NRS pain score on PODs 0, 1, 2, and 3, and

group (P > 0.05). Among other variables, femoral nerve block

adjuvant analgesic use (acetaminophen and ketorolac) as
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to knee pain, compared to the patients who reported preop-
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Table 3. Univariable Generalized Linear Model for Morphine Equivalent (mg) Consumption in POD 0–3 after TKA under Spinal Anesthesia
Variable
Age (yr)
Sex, female (vs. male)
Body mass index (kg/m2)
ASA physical status
1
2
≥3
Charlson comorbidity index: > 2 (vs. ≤ 2)
Surgery time (min)
Intraoperative propofol use
Intraoperative dexmedetomidine use
Adjuvant pain management
Femoral nerve block
Intraoperative periarticular injection
Year of surgery
2005–2008
2009–2011
2012–2014
2015–2017
Knee pain + external knee pain (vs. only knee pain)
Preoperative analgesics use
No preoperative regular analgesics use
Preoperative non-opioid analgesics use
Preoperative opioid analgesics use

Univariable model
Exp. Coef (95% CI)

P value

1.01 (1.00, 1.01)
0.99 (0.94, 1.04)
1.00 (1.00, 1.00)

< 0.001
0.987
0.954

1
0.95 (0.90, 0.99)
0.97 (0.91, 1.05)
1.05 (0.99, 1.12)
1.01 (1.00, 1.01)
0.86 (0.83, 0.89)
1.17 (1.11, 1.24)

0.011
0.467
0.103
0.875
< 0.001
< 0.001

0.90 (0.87, 0.93)
0.90 (0.82, 0.99)

< 0.001
0.026

1
1.81 (1.74, 1.88)
1.75 (1.69, 1.82)
1.94 (1.87, 2.02)
1.02 (0.98, 1.06)

< 0.001
< 0.001
< 0.001
0.309

1
0.81 (0.78, 0.83)
0.96 (0.86, 1.08)

< 0.001
0.529

Covariates with P < 0.2 (age, ASA physical status, Charlson comorbidity index, adjuvant pain management, and year of surgery) were included in the
multivariable GLM in Table 3. POD: postoperative day, TKA: total knee arthroplasty, Exp. Coef: exponentiated regression coefficient, CI: confidence
interval, ASA: American Society of Anesthesiologists, GLM: generalized linear model.

dependent variables, along with backward variable selection

severe preoperative knee pain is associated with increased

using an elimination criterion of 0.05. No significant associa-

postoperative pain after TKA, which could be explained as

tion was found between the site of pain (knee only vs. knee

central sensitization before surgery. However, that study

pain with external to knee pain) and these factors (P > 0.05).

did not investigate pain external to the knee before surgery.
Patients with external to the knee pain with knee pain may

DISCUSSION

receive more pain stimuli than patients with knee pain only,
through a process known as spatial summation [10,17]. Spa-

The results of our study showed that patients who experi-

tial summation, which may be caused by pain at multiple

enced pain at sites external to the knee in addition to pain at

sites, is one of the factors that is related to abnormal endog-

the knee had increased morphine equivalent consumption

enous pain modulation in chronic pain conditions [18]. It is

during POD 0–3 after TKA under spinal anesthesia, than did

reported that endogenous pain inhibitory systems could be

patients with preoperative knee pain only. There was no sig-

activated in patients with widespread pain by spatial sum-

nificant association regarding NRS pain scores on PODs 0,

mation in fibromyalgia patients [19]. If the pathway of the

1, 2, and 3. Our finding is clinically important because it sug-

central nervous system is activated abnormally in chronic

gests that preoperative widespread pain besides the symp-

pain conditions, it may result in the enhanced pain through

tomatic knee is associated with an increase in postoperative

central modulation [20]. Although no study has focused on

pain following TKA.

the association between spatial summation in OA patients

Chronic OA pain is a known contributing factor for central

and postoperative pain outcomes after TKA, a study has re-

sensitization [14,15], and Rakel et al. [16] demonstrated that

ported that spatial summation in chronic OA patients is clini-
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Table 4. Multivariable Generalized Linear Model for Morphine Equivalent (mg) Consumption in POD 0–3 after TKA Under Spinal Anesthesia
Variable
Age (yr)
ASA physical status
1
2
≥3
Charlson comorbidity index: > 2 (vs. ≤ 2)
Intraoperative propofol use
Intraoperative dexmedetomidine use
Adjuvant pain management
Femoral nerve block
Intraoperative periarticular injection
Year of surgery
2005–2008
2009–2011
2012–2014
2015–2017
Knee pain + external knee pain (vs. only knee pain)
Preoperative analgesics use
No preoperative regular analgesics use
Preoperative non-opioid analgesics use
Preoperative opioid analgesics use

Multivariable model
Exp. Coef (95% CI)

P value

1.00 (1.00, 1.01)

0.086

1
0.98 (0.94, 1.02)
1.00 (0.94, 1.06)
0.95 (0.89, 1.00)
0.96 (0.93, 0.99)
1.04 (0.99, 1.09)

0.236
0.935
0.049
0.004
0.131

0.89 (0.87, 0.92)
1.06 (0.98, 1.15)

<0.001
0.155

1
1.77 (1.70, 1.84)
1.72 (1.65, 1.80)
1.89 (1.81, 1.97)
1.05 (1.02, 1.09)

<0.001
<0.001
<0.001
0.004

1
0.98 (0.95, 1.01)
0.98 (0.88, 1.08)

0.146
0.634

Multivariate model: Covariates with P < 0.2 from the univariable model in Table 2 (age, ASA physical status, Charlson comorbidity index, adjuvant
pain management, and year of surgery) were included in the multivariable model. Model 1 and Model 2 were made to avoid multi-collinearity between variables in the multivariable linear regression model. POD: postoperative day, TKA: total knee arthroplasty, Exp. Coef: exponentiated regression coefficient, CI: confidence interval, ASA: American Society of Anesthesiologists.

cally important for TKA [21]. However, since the information

Another interesting finding of the present study is that pre-

regarding the impact of spatial summation in patients with

operative analgesic use was not significantly associated with

OA on postoperative pain outcome is lacking, more studies

morphine equivalent consumption during POD 0–3. These

should be performed.

findings could be explained. Because there are strict regulations regarding opioid misuse or abuse in our country [25],

tization in this study: preoperative widespread pain. Wide-

a relatively small proportion of the population are chronic

spread pain means an expanded distribution of pain; it is a

users of opioids for pain not associated with cancer, com-

known sign of central sensitization in patients with symp-

pared to that in the United States. Specifically, 1.6% (63/4,007

tomatic OA [22]. Thus, there is a possibility that the patients

patients) of the patients in the present study were chronic

who reported pain at other sites may be experiencing central

opioid users preoperatively, compared to 15.7% (53/338

sensitization due to chronic and severe OA. A previous study

patients) in an American study population [26]. Consider-

suggested that widespread pain before TKA is associated

ing that preoperative chronic opioid use has been previously

with postoperative pain, although it was not a predictor of the

found to be an independent factor for the increase of mor-

amount of pain relief from TKA [23]. Another previous study

phine equivalent consumption in the postoperative period

reported that preoperative widespread hyperalgesia may be

[27], the relatively small proportion of chronic opioid users in

a determinant of patients’ benefit from TKA [24]. However,

our cohort may explain why we did not find a similar associa-

the effect of central sensitization on preoperative widespread

tion in the present study.

pain is still unclear, and our findings suggest that this may be

There were a few limitations to the study. Firstly, the single

associated with an increased morphine equivalent consump-

center-based retrospective design of the study may result in

tion in the postoperative period.

a lack of generalizability and the possibility of selection bias.
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There is another important issue regarding central sensi-
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Table 5. Multivariable Generalized Linear Model for 10 Dependent Variables for Postoperative NRS on POD 0, 1, 2, and 3, and Adjuvant Analgesic
Consumption in Entire Cohort (n = 3,429)
Variable
NRS pain score on POD 0: resting
Preoperative knee pain only
Preoperative knee pain + external knee pain
NRS pain score on POD 0: moving
Preoperative knee pain only
Preoperative knee pain + external knee pain
NRS pain score on POD 1: resting
Preoperative knee pain only
Preoperative knee pain + external knee pain
NRS pain score on POD 1: moving
Preoperative knee pain only
Preoperative knee pain + external knee pain
NRS pain score on POD 2: resting
Preoperative knee pain only
Preoperative knee pain + external knee pain
NRS pain score on POD 2: moving
Preoperative knee pain only
Preoperative knee pain + external knee pain
NRS pain score on POD 3: resting
Preoperative knee pain only
Preoperative knee pain + external knee pain
NRS pain score on POD 3: moving
Preoperative knee pain only
Preoperative knee pain + external knee pain
Acetaminophen consumption (mg) in POD 0–3
Preoperative knee pain only
Preoperative knee pain + external knee pain
Ketorolac consumption (mg) in POD 0–3
Preoperative knee pain only
Preoperative knee pain + external knee pain

Exp. Coef (95% CI)

P value

1
1.00 (0.93, 1.09)

0.944

1
0.95 (0.91, 1.02)

0.075

1
0.98 (0.94, 1.02)

0.345

1
0.99 (0.95, 1.03)

0.658

1
0.99 (0.96, 1.02)

0.583

1
1.00 (0.97, 1.04)

0.825

1
0.99 (0.96, 1.02)

0.473

1
1.02 (0.98, 1.06)

0.340

1
0.99 (0.95, 1.04)

0.795

1
0.99 (0.95, 1.04)

0.795

Backward variable selection method with an elimination criterion of 0.05 was performed to fit the final multivariable GLM for these 10 dependent
variables. NRS: numeric rating scale, POD: postoperative day, Exp. Coef: exponentiated regression coefficient, CI: confidence interval, GLM: generalized linear model.

Secondly, since the prevalence of end-stage OA is higher

sensitization including spatial summation is not clearly dem-

in female patients and only 9.9% of the entire study cohort

onstrated in this study. Future studies using a prospective

in this study were male patients, it is difficult to generalize

design should be performed to focus on this aspect.

our findings to male patients. Third, preoperative NRS pain

In conclusions, this study showed that there was an in-

scores at rest and movement are not routinely assessed at

creased morphine equivalent consumption during POD 0–3

our institution, and only the average NRS pain scores of each

after TKA in patients with preoperative pain in the knee and

patient was evaluated before TKA; therefore, the impact of

external to the knee, compared to patients with preoperative

preoperative pain scores on postoperative pain outcomes

pain in the knee only.

was not evaluated in this study, and this may be a limitation.
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Fourthly, many different registered nurses were involved in
assessing the postoperative NRS pain scores over the study
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