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Background and purpose   Length of stay (LOS) following total 
hip and knee arthroplasty (THA and TKA) has been reduced to 
about 3 days in fast-track setups with functional discharge cri-
teria. Earlier studies have identified patient characteristics pre-
dicting LOS, but little is known about specific reasons for being 
hospitalized following fast-track THA and TKA. 

Patients and methods   To determine clinical and logistical fac-
tors that keep patients in hospital for the first postoperative 24–72 
hours, we performed a cohort study of consecutive, unselected 
patients undergoing unilateral primary THA (n = 98) or TKA 
(n = 109). Median length of stay was 2 days. Patients were oper-
ated with spinal anesthesia and received multimodal analgesia 
with paracetamol, a COX-2 inhibitor, and gabapentin—with 
opioid only on request. Fulfillment of functional discharge crite-
ria was assessed twice daily and specified reasons for not allowing 
discharge were registered. 

Results   Pain, dizziness, and general weakness were the main 
clinical reasons for being hospitalized at 24 and 48 hours postop-
eratively while nausea, vomiting, confusion, and sedation delayed 
discharge to a minimal extent. Waiting for blood transfusion 
(when needed), for start of physiotherapy, and for postoperative 
radiographic examination delayed discharge in one fifth of the 
patients. 

Interpretation   Future efforts to enhance recovery and reduce 
length of stay after THA and TKA should focus on analgesia, pre-
vention of orthostatism, and rapid recovery of muscle function. 

�

Total hip and total knee arthroplasty (THA and TKA) are fre-
quent operations with an average length of stay (LOS) of about 
6–12 days in the United Kingdom, Germany, and Denmark 
(Husted et al. 2006, Bundesauswertung 2009, NHS 2010). 

During the last decade, however, there has been increased 
interest in optimal multimodal perioperative care to enhance 
recovery (the fast-track methodology). Improvement of anal-

gesia; reduction of surgical stress responses and organ dysfunc-
tions including nausea, vomiting, and ileus; early mobiliza-
tion; and oral nutrition have been of particular interest (Kehlet 
2008, Kehlet and Wilmore 2008). These principles have also 
been applied to THA and TKA, resulting in improvements 
in pain treatment with multimodal opioid-sparing regimens 
including a local anesthetic infiltration technique (LIA) or 
peripheral nerve blocks to facilitate early mobilization (Ilfeld 
et al. 2006a, b, 2010a, Andersen et al. 2008, Kerr and Kohan 
2008), and allowing functional rehabilitation to be initiated 
a few hours postoperatively (Holm et al. 2010)—ultimately 
leading to a reduction in LOS (Husted et al. 2008, Barbieri et 
al. 2009, Husted et al. 2010a, b). Using these evidence-based 
regimens combined with an improved logistical setup, LOS is 
reduced to about 2–4 days (Kerr and Kohan 2008, Husted et 
al. 2010 a,b,c, Lunn et al. 2011). 

Having well-defined functional discharge criteria is impera-
tive in order to ensure a safe discharge—and it is mandatory if 
meaningful comparison of LOS is done following alterations in 
the track (Husted et al. 2008). In the same fast-track setting, an 
earlier study focused on patient characteristics predicting LOS 
(Husted et al. 2008). However, little is known about the specific 
reasons for why patients are hospitalized during the first 1–3 
days after THA or TKA; i.e. why can patients not be discharged? 

We therefore analyzed clinical and organizational factors 
responsible for being hospitalized in a well-defined prospec-
tive setup in a fast-track unit. This unit had previously docu-
mented LOS of about 2–3 days (Andersen et al. 2008, Holm et 
al. 2010, Husted et al. 2010b, c, Lunn et al. 2011). 

Patients and methods
According to Danish law, this quality-assurance study did not 
require approval by an ethics committee. It was registered at 
ClinicalTrials.gov (NTC01047371). 
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Abstract
Purpose. To investigate the relationship between early functional mobility and pain intensity in a fast track program after
total knee arthroplasty (TKA).
Methods. One hundred consecutive patients operated with TKA in an orthopaedic unit at a University hospital were
prospectively studied. Measurements of independence in transfer and ambulation (Cumulated Ambulation Score), pain
intensity (Verbal Analog Scale (VAS)), range of knee motion, functional mobility (‘Timed Up & Go’ (TUG) test), and
walking distance were recorded daily from the first postoperative day until discharge.
Results. On the first postoperative day, 90% of the patients were able to walk independently with median pain intensity of
!5 on VAS. Of these, 78% walked4 70 m. All patients walked independently on postoperative Day 2 with pain intensity of
!4. On the day of discharge, all patients walked with crutches with pain intensity of !3, walking distance4 70 m, median
range of motion 10–808, and median test time of the ‘TUG’ 19.2 s. The length of hospital stay was median 3 days.
Conclusion. Pain has a limited influence on the functional recovery beyond the first postoperative day after TKA, thereby
allowing early physiotherapy.

Keywords: Knee, arthroplasty, early functional recovery, pain

Introduction

Pain after total knee arthroplasty (TKA) is often
considered as the most important limiting factor for
early intensive mobilization and physiotherapy,
which is important for avoiding development of
postoperative knee complications such as prolonged
stiffness, delay in strength recovery, and chronic pain
[1]. Hence, optimized pain relief has been one of the
main goals for a number of fast track multimodal
recovery programs, which has included epidural
analgesia [2,3], peripheral nerve blocks [4,5], infil-
tration or intraarticular local anesthetics [6–11] or
systemic analgesics [12]. Subsequently, length of
hospital stay (LOS) has decreased, usually in the
range of 3–5 days, but the relative role of pain control

vs. other factors for early functional recovery and
mobilization has not been sufficiently evaluated
[13–15].

Functional recovery after TKA in fast track
multimodal recovery programs has often been
described by using knee range of motion (ROM)
reported as mean range of flexion from 62–908
[11,16–18], walking distance between 3 and 30 m
[8,11] and functional mobility as assessed by the test
‘Timed Up & Go (TUG)’ with test times between
12.0 and 19.0 s [19–21]. In this context, it is of
interest to assess and improve pain management and
its impact on the levels of basic mobilization.
Previous observations have demonstrated indepen-
dent mobility 15–22 h after surgery and walking
distances about 30 m with Verbal Analog Scale
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72,4%

28,6%

confidence in the study findings and raising questions about generalizability. In the period after
primary TKA, we found that 72.4% (477 of 659) of patients were fast pain responders and 27.6% (182
of 659) of patients were slow pain responders in the first 8 weeks. Evidence of the 2 pain trajectories
existed as early as 8 weeks after the primary TKA and was possibly present even earlier. This
observation was surprising and important because pain during this period includes postsurgical acute
pain.55,56 Previous attempts at performing an analysis of pain trajectory were limited because they
assessed preoperative factors only and did not investigate pain in the postoperative period.15,16 The
findings of an association between preoperative variables and post-TKA pain in those single-center
studies were similar to the results of other observational studies.11,57-61 Our study highlights the need
to assess pain in patients during the period after primary TKA.

We also found that the postoperative pain trajectory was independently associated with longer-
term post-TKA pain outcome. Specifically, although patients in the slow pain responder subgroup at
2 weeks and 8 weeks after surgery had significantly improved pain, they reported greater persistent
index knee pain at 6 months after TKA compared with the fast pain responder subgroup. This finding
has potential implications for patient care after primary TKA. Early identification of patients in the
slow pain responder trajectory at 8 weeks after TKA (ie, for the subgroup continuing to experience
moderate to severe pain) may offer an opportunity to target potentially modifiable factors for
interventions in the perioperative period to possibly improve the long-term pain outcomes in
patients who have undergone primary TKA. Persistent pain after TKA can contribute to long-term
opioid use,62,63 which is a major public health crisis.64,65 Comprehensive pain management
programs (eg, opioid prescribing guidelines66) and other behavioral interventions should be tested
for this subgroup of patients in the postoperative period after TKA, with a goal to improve outcomes.

Table 4. Assessing the Association of 8-Week Pain Trajectory
With 6-Month Knee Injury and Osteoarthritis Outcome Score (KOOS)
Pain Scoresa

Variable
Final Model 6-mo KOOS Pain
Score (95% CI)b P Value

Pain trajectory 8 wk after total
knee arthroplasty

Fast pain responders 1 [Reference] NA

Slow pain responders –11.3 (–13.9 to –8.7) <.001

Race

White 1 [Reference] NA

Nonwhite –6.6 (–11.6 to –1.5) .01

Charlson Comorbidity Index
Score

0 1 [Reference] NA

1 –1.3 (–4.1 to 1.5) .36

2 –1.7 (–5.9 to 2.5) .42

!3 –6.8 (–11.8 to –1.8) .008

Preoperative SF-36,
with 1-unit increase

PCS score 0.3 (0.1 to 0.4) <.001

MCS score 0.3 (0.2 to 0.4) <.001

Abbreviations: MCS, mental component summary; NA, not applicable; PCS,
physical component summary; SF-36, 36-Item Short Form Health Survey.
a The reduced 6-month model included pain trajectory, race, Charlson

Comorbidity Index, and preoperative SF-36 PCS score and MCS score.
b Because the R2 value for the reduced model was the same as for the full model

that included all the factors based on the principle of parsimony, reduced
models were more desirable. No evidence of multicollinearity was found
because the variance inflation factors for each of the variables were 1.08 or
lower (a variable for which variance inflation factor values are greater than 10
may merit further investigation). The adjusted R2 was 0.2
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Chronic postsurgical pain in Europe

An observational study
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BACKGROUND Chronic postsurgical pain (CPSP) is an
important clinical problem. Prospective studies of the inci-
dence, characteristics and risk factors of CPSP are needed.

OBJECTIVES The objective of this study is to evaluate the
incidence and risk factors of CPSP.

DESIGN A multicentre, prospective, observational trial.

SETTING Twenty-one hospitals in 11 European countries.

PATIENTS Three thousand one hundred and twenty patients
undergoing surgery and enrolled in the European registry
PAIN OUT.

MAIN OUTCOME MEASURES Pain-related outcome was
evaluated on the first postoperative day (D1) using a stan-
dardised pain outcome questionnaire. Review at 6 and 12
months via e-mail or telephonic interview used the Brief Pain
Inventory (BPI) and the DN4 (Douleur Neuropathique four
questions). Primary endpoint was the incidence of moderate
to severe CPSP (numeric rating scale, NRS !3/10) at 12
months.

RESULTS For 1044 and 889 patients, complete data were
available at 6 and 12 months. At 12 months, the incidence of
moderate to severe CPSP was 11.8% (95% CI 9.7 to 13.9)

and of severe pain (NRS !6) 2.2% (95% CI 1.2 to 3.3).
Signs of neuropathic pain were recorded in 35.4% (95% CI
23.9 to 48.3) and 57.1% (95% CI 30.7 to 83.4) of patients
with moderate and severe CPSP, respectively. Functional
impairment (BPI) at 6 and 12 months increased with the
severity of CPSP (P<0.01) and presence of neuropathic
characteristics (P<0.001). Multivariate analysis identified
orthopaedic surgery, preoperative chronic pain and percen-
tage of time in severe pain on D1 as risk factors. A 10%
increase in percentage of time in severe pain was associated
with a 30% increase of CPSP incidence at 12 months.

CONCLUSION The collection of data on CPSP was feasible
within the European registry PAIN OUT. The incidence of
moderate to severe CPSP at 12 months was 11.8%. Func-
tional impairment was associated with CPSP severity and
neuropathic characteristics. Risk factors for CPSP in the
present study were chronic preoperative pain, orthopaedic
surgery and percentage of time in severe pain on D1.

TRIAL REGISTRATION Clinicaltrials.gov identifier:
NCT01467102.

Published online 1 August 2015

Introduction
There is widespread acknowledgement that chronic post-
surgical pain (CPSP) is a significant medical problem.1,2 It

has an estimated mean incidence of 30% that varies
according to the definition of CPSP and type of surgery.1,2
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ABSTRACT
Background Approximately 15% of patients report 
persistent knee pain despite surgical success following 
total knee arthroplasty (TKA). The purpose of this study 
was to determine the association of acute-postsurgical 
pain (APSP) with chronic postsurgical pain (CPSP) 
6 months after TKA controlling for patient, surgical and 
psychological confounding factors.
Methods Adult patients with osteoarthritis undergoing 
primary elective tricompartmental TKA, with the operated 
knee the primary source of preoperative pain, were 
studied between March 2011 and February 2017. 
Patients received standard operative management and 
a perioperative multimodal analgesia regimen. The 
primary outcome was CPSP at 6 months. The primary 
variable of interest was the APSP (weighted mean pain 
score) for 72 hours postoperatively. Patient, surgical and 
psychological confounders were assessed using binary 
logistic regression.
Results 245 cases were analyzed. The incidence of 
CPSP was 14% (95% CI 10% to 19%). Median APSP 
values were 4.2 (2.2–5.0) in the CPSP group and 2.8 
(1.8–3.7) without CPSP, difference 1.4 (95% CI 0.1 to 
1.8, p=0.005). The unadjusted odds for CPSP with an 
increase of 1 in APSP was 1.46 (95% CI 1.14 to 1.87, 
p=0.002)). After multivariable risk adjustment, the OR 
for CPSP for an increase of 1 in the APSP was 1.53 (95% 
CI 1.12 to 2.09, p=0.008).
Conclusions APSP is a risk factor for CPSP following 
TKA even after adjusting for confounding variables 
such as pain catastrophizing, anxiety, depression and 
functional status. Studies are needed to determine if 
APSP is a modifiable risk factor for the development of 
CPSP.

INTRODUCTION
Most patients experience pain relief within 6–12 
weeks (3 months) following total knee arthroplasty 
(TKA); however, 8%–34% of patients experience 
chronic postsurgical pain (CPSP), defined by the 
International Association for the Study of Pain 
as pain lasting more than 3 months after surgery, 
with limited improvement in functional outcomes 
often despite radiological and surgical success.1–4 
More than 700 000 TKA surgeries were performed 
in the USA in 2012 and estimates of the expected 
increase by 2050 range between 143% and 565%.5 
With one projected estimate of 3.48 million TKA 

surgeries per year in the USA by 2030, up to 500 
000 patients annually could develop CPSP.6

Acute postsurgical pain (APSP), generally 
regarded as pain within the first 72 hours postop-
eratively, has been found to be independent risk 
factor of CPSP,7–10 although this effect has been 
inconsistently observed in other studies and may 
be less important than preoperative pain when 
assessed using multivariable statistical analysis.11 12 
In addition, studies that have assessed APSP as a 
risk factor for CPSP have not uniformly controlled 
for confounding factors associated with increased 
APSP.11 Risk factors that have been shown to be 
associated with APSP include: preoperative pain, 
enhanced response to quantitative sensory testing, 
preoperative use of opioid analgesics, greater 
pain catastrophizing, depression and increased 
anxiety.9–20 Patient characteristics such as age, 
gender, ethnicity and disease severity have also been 
shown to be associated with CPSP.13

The purpose of this study was to prospectively 
evaluate the incidence of CPSP following a primary 
TKA in patients that received a standardized 
surgical, anesthesia and postoperative analgesia 
using a multimodal analgesic regimen. The primary 
variable of interest is APSP, which is defined as 
the weighted mean pain score for the first 72 
hours postoperatively. Evaluation of risk factors 
for both CPSP and APSP were included in the 
study to control for confounding factors for both 
the primary variable of interest and the primary 
outcome. We hypothesized that APSP would be 
greater in patients with CPSP and that APSP would 
be an independent risk factor for the development 
of CPSP after controlling for risk factors associated 
with increased APSP.

METHODS
The protocol was registered at  ClinicalTrials. gov 
(NCT01320150). This manuscript adheres to the 
Strengthening the Reporting of Observational 
Studies in Epidemiology statement guidelines. 
The study was a prospective, observational cohort 
conducted at Rush University Medical Center. 
(OLJLEOH�SDWLHQWV�ZHUH�(QJOLVK�VSHDNLQJ�DGXOWV�����
years of age undergoing a primary tricompart-
mental TKA with a diagnosis of osteoarthritis, with 
the knee to be replaced the primary source of the 
patient’s pain. Inclusion and exclusion criteria are 
shown in table 1.
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factor of CPSP,7–10 although this effect has been 
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assessed using multivariable statistical analysis.11 12 
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APSP.11 Risk factors that have been shown to be 
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the weighted mean pain score for the first 72 
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for both CPSP and APSP were included in the 
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the primary variable of interest and the primary 
outcome. We hypothesized that APSP would be 
greater in patients with CPSP and that APSP would 
be an independent risk factor for the development 
of CPSP after controlling for risk factors associated 
with increased APSP.
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The protocol was registered at  ClinicalTrials. gov 
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Strengthening the Reporting of Observational 
Studies in Epidemiology statement guidelines. 
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Figure 2 Conditional classification tree analysis of variables entered 
into the multivariable binary logistic model for CPSP. The overall 
prevalence of CPSP was 13.9% (95% CI 10.2% to 19.3%). The data in 
the terminal branches presented as number with CPSP/number in group, 
percent incidence in group, 95% CI. CPSP, chronic postsurgical pain; 
STAI, State-Trait Anxiety Inventory; TKA, total knee arthroplasty. Figure 3 Box plots of numeric rating score for pain were 0=‘no 

pain’ and 10=‘worst pain imageable’ in patients with and without 
persistent postoperative pain. The horizontal line is the median; the box 
ceiling and floor are the 25th to 75th percentiles; the whiskers are the 
10th and 90th percentiles, and the filled circles are the 5th and 95th 
percentiles. Upper panel is for pain at rest. Median difference (99.5% CI 
of the difference) in NRS score for pain at rest between the persistent 
postoperative pain and no persistent postoperative groups at 3 weeks, 
6 weeks, 3 months and 6 months are 1.5 (95% CI 0 to 4, p=0.004), 1.5 
(95% CI 0 to 3, p=0.001), 2 (95% CI 1 to 4, p<0.001) and 2 (95% CI 
0 to 4 p<0.001), respectively. Lower panel is for pain with movement. 
Median difference (99.5% CI of the difference) in NRS score for pain 
with movement between the persistent postoperative pain and no 
persistent postoperative groups at 3 weeks, 6 weeks, 3 months and 6 
months are 3.5 (95% CI 1 to 4.25, p<0.001), 2.5 (95% CI 0 to 4.25, 
p<0.001), 3 (95% CI 2 to 6, p<0.001) and 6 (95% CI 4 to 7, p<0.001), 
respectively. P values corrected for 10 comparisons using the Bonferroni 
method. CPSP, chronic postsurgical pain.

0.6–3.3, p<0.001. Morphine consumption was not different 
between the CPSP and no-CPSP groups for any of the epochs.

DISCUSSION
The important finding of this prospective study was the associa-
tion of APSP with CPSP in patients 6 months following TKA even 
after adjusting for patient characteristics, disease and psycholog-
ical confounders. We also found that high state anxiety, greater 
impairment in physical functioning and female gender were also 
significant independent predictors of CPSP in our cohort. CPSP 
was associated with significant worse outcomes in all subcate-
gories of the WOMAC index as well as decreased impairment 
in activities of daily life as measured by the SF-36 questionnaire 
and an increase in number and severity of pain descriptors in 
the SF-MPQ-2 at 6 months. Taken together this demonstrates 
the important clinical significance and burden that accompanies 
CPSP following TKA.

We observed an incidence of CPSP of 14% and our loss to 
follow-up rate was 17%. The incidence of CPSP in our study is 
consistent with other prospective observational trials where rates 
of unfavorable long-term pain outcomes ranges between 10% 
and 20% in high-quality studies with low loss to follow-up.4 
We examined pain patterns early (3 weeks) following surgery to 
limit false classification of CPSP based on spurious values at 6 
months and to help construct patterns or trajectories that could 
be used for early identification of CPSP. Our findings are also 
in agreement with studies suggesting that examination of pain 
trajectories early (within the first 3–4 weeks) following surgery 

are useful for identifying patients with persistent pain. 10 26 
Unlike the findings of Lenguerand et al, we found that WOMAC 
physical functional status prior to surgery was an indepen-
dent predictor of long-term pain outcomes using multivariable 
modeling.16

Prior prospective studies have assessed the influence of APSP 
on the development of CPSP. Sayers et al examined the associa-
tion of pain at rest and with movement averaged over the first 3 
days postoperatively (VAS 0–10) with chronic pain as assessed 
using the WOMAC pain subscale at 12 months following 
total hip replacement and TKA as a secondary analysis of 
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Figure 4 Box plots of weighted mean pain scores and oral and/or 
intravenous opioid administration by epoch (0–24 hours, 25– 48 hours 
and 49–72 hours) following total knee arthroplasty. The horizontal line 
is the median; the box ceiling and floor are the 25th to 75th percentiles; 
the whiskers are the 10th and 90th percentiles and the filled circles 
are the 5th and 95th percentiles. Upper panel is weighted mean pain 
scores. Median difference (99.5% CI of the difference) in NRS score 
for pain between the persistent postoperative pain and no persistent 
postoperative groups at rest at 0–24 hours, 25–48 hours, 49–72 hours 
are 1.1 (95% CI !0.6 to 2.4, p=0.05), 0.9 (95% CI !0.6 to 2.0, p=0.07) 
and 1.9 (5% CI 0.6 to 3.3, p<0.001), respectively. Lower panel is for 
oral and/or intravenous opioids in milligram oral morphine equivalents. 
Median difference (99.5% CI of the difference) in milligram morphine 
equivalents for pain between the persistent postoperative pain and no 
persistent postoperative groups at rest at 0–24 hours, 25–48 hours, 
49–72 hours are !6 (95% CI !18 to 24, p=0.95), !2 (95% CI !29 to 
36, p=0.59) and 0 (95% CI !38 to 41 P<0.83), respectively. P values 
corrected for 10 comparisons using the Bonferroni method. CPSP, 
chronic postsurgical pain; NRS, Numeric Rating Scale.

data from the Arthroplasty Pain Experience trial.9 27 Patients 
were randomized to receive either an intraoperative local 
anesthetic infiltration or a standard postoperative analgesia 
regimen consisting of non-steroidal anti-inflammatory drugs 
and opioids. Like the current study, preoperative pain was posi-
tively associated with APSP, but APSP was not associated with 
chronic pain after adjusting for preoperative pain (WOMAC 
subscale) using structural equation modeling. The authors 

suggest that their findings suggest that measures to limit acute 
postoperative pain will not likely impact CPSP and efforts 
should focus on reduction in preoperative pain. The model was 
adjusted for patient characteristics, gender and socioeconomic 
status, but not for psychological factors that have been shown 
to influence APSP. Pain was assessed at 08:00, 12:00 and 17:00 
daily for 3 days and the mean pain determined as the average 
of these three samples. In contrast, we assessed pain every 4–6 
hours and integrated the area under the curve to weight the 
APSP calculation.

Grousu et al found that the cumulative maximal pain inten-
sity measured on the first 3 days following TKA was associated 
with the presence of chronic pain at for up to 1 year on univari-
able analysis.8 Multivariable analysis to adjust for confounding 
factors was not performed. In their study, the incidence of pain 
at rest and with movement at 6 months were 22% and 35%, 
respectively. The prevalence of opioid use at 6 months and 1 
year following surgery was 9%, like that observed in the current 
study.

Thomazeau et al and Levand’homme et al examined postop-
erative pain trajectories beginning with the first postoperative 
day with the risk for the development of chronic pain following 
TKA. In the aforementioned study, a high pain intensity (mean 
daily NRS score >5), not regular physical activity in adulthood, 
D�EULHI�SDLQ�LQYHQWRU\�ZDONLQJ�VFRUH����DQG�D�KLJK�VFKRRO�OHYHO�
of education or greater were identified as independent risk for 
chronic pain.10 In the later study, patients with higher pain trajec-
tories over the first week following surgery were more likely to 
report pain at 3 months, although this effect was only signifi-
cant for patients with chronic neuropathic pain.26 Patient and 
psychological factors were assessed, but no preoperative factors 
were found to be significant predictors of chronic pain. They 
also found that pain of neuropathic origin had greater impair-
ment in quality of life measures than those with chronic pain of 
non-neuropathic origin.

Our exploratory analysis suggests that difference in APSP 
reported by patients was significantly different as early as 49–72 
hours postoperatively, despite the use of a multimodal pain 
regimen that included a non-steroidal anti-inflammatory agent, 
an alpha-2 delta ligand and opioid analgesics. Some separa-
tion in APSP was evident in the 25–48 hour time epoch as the 
patients were transitioned to oral analgesic following discontin-
uation of the regional anesthesia. Yet, opioid consumption was 
not different on days 2 and 3 suggesting that difference in pain 
may represent inadequate analgesic effectiveness in patients that 
develop CPSP or that the multimodal regimen used in this study 
does not adequately inhibit pain and inflammatory pathways 
involved in the transition of APSP to CPSP. With the desire for 
earlier discharge following TKA, the current study demonstrates 
the need for more effective analgesic regimens that could be 
used early in the postoperative period to limit the potential of 
an increasing the rate of CPSP in patients receiving inadequate 
analgesia. Conversely, this difference may be unmodifiable, 
studies suggest that genetic influences on pain are polygenic and 
may involve single-nucleotide polymorphism mutations in the 
OPRM1, COMT, ADRB2, and genes related to the GIRK chan-
nels KCNJ6 may influence both acute and chronic pain.28

We did observe an association of psychological factors, cata-
strophizing and anxiety with the both acute and chronic pain, 
although the effect of catastrophizing appears to primarily influ-
ence APSP. Given the significance of the associations between 
preoperative pain, catastrophizing and high-state anxiety with 
APSP were observed suggesting that interventions to reduce these 
factors may have either direct or indirect benefit in reducing 
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Table 7 Functional and psychological outcomes and quality of life assessments at 6 months following total knee arthroscopy in patients with and 
without CPSP

No CPSP (n=211) CPSP (n=34)
Difference* (99.5% CI
of the difference) P value

Range of motion (degrees)    
  Active 100 (92–114) 95 (80–110) -5 (-23 to 10) 0.03
  Passive 120 (110–128) 110 (95–128) !10 (!25 to 10) 0.15
  Missing, n (%) 32 (15) 7 (20)
WOMAC index*    
  Pain (0–50) 3 (1–7) 11 (6–25) 8 (3 to 19) <0.001
  Stiffness (0–20) 3 (2–6) 8 (4–15) 5 (1 to 10) <0.001
  Physical functioning (0–170) 14 (6–29) 52 (25–90) 38 (12 to 72) <0.001
  Total score (0–240) 21 (10–44) 72 (36–128) 51 (22 to 103) <0.001
  Missing, n (%) 16 (8) 2 (6)
  Beck’s Depression Inventory II 2 (0–6) 7 (1–9) 5 (0 to 7) 0.001
  Missing, n (%) 17 (8) 3 (9)
State Trait Anxiety Index    
  State anxiety 26 (20–34) 31 (25–38) 5 (!1 to 14) 0.006
  Trait anxiety 26 (22–35) 32 (26–40) 6 (!2 to 13) 0.006
  Missing, n (%) 22 (10) 3 (9)
SF-36 questionnaire†    
  Physical Component Summary (0–100) 46 (40–51) 36 (30–42) !10 (!15 to !3) <0.001
  Mental Component Summary (0–100) 59 (56–62) 56 (50–62) !3 (!9 to 2) 0.05
  Missing, n (%) 17 (8) 9 (9)
SF-MPQ-2‡
  Continuous descriptors (0–10) 0.33 (0–0.96) 1.75 (0.83–4.2) 1.4 (0.5 to 3.74) <0.001
  Intermittent descriptors 0 (0–0.5) 0.75 (0.3–2.79) 0.75 (0.25 to 2.69) <0.001
  Neuropathic descriptors 0.33 (0–0.67) 0.67 (0.13–1.71) 0.33 (!0.2 to 1) 0.05
  Affective descriptors 0 (0–1.0) 3.0 (0–7.0) 3 (0 to 6.8) <0.001
  Total number of descriptors 3 (2–6) 9 (4–16) 6 (0.7 to 9.5) <0.001
  Missing, n (%) 19 (9) 3 (9)

Data presented as medians (quartiles). Differences in medians calculated using a 10 000-sample bootstrap.
*WOMAC index, items scored on a 0–10 scale with higher scores indicating greater dysfunction.
†SF-36 scored using oblique scoring for orthopedic studies.20 Lower scores represent increased interference with activities of daily living.
‡SF-MPQ-2, items are scored on an 11-point numerical scale (0–10) with 0 representing none and 10 representing severe intensity. Responses for each of the descriptors in the 
categories are averaged to obtain a weighted subcategory score.
CPSP, chronic postsurgical pain; SF-36, Short Form-36; SF-MPQ-2, Short Form McGill Pain Questionnaire 2; WOMAC, Western Ontario and McMaster University Osteoarthritis.

Bootstrap validation of the final model resulted in an optimism 

adjusted AUC of 0.74 (95% CI 0.66 to 0.82). Retention of vari-

ables in the validation bootstraps were 82.4%, 79.6%, 77.3%, 

63.4%, 57.8%, 51.9%, 48.1% and 47.9% for the variables 

STAI-S, WOMAC physical functioning score, APSP, SF-36 Phys-

ical Component Summary, female gender, ASA physical status II, 

WOMAC stiffness subscale and passive range of motion, respec-

tively (table 7) . Binary characteristics of the final model were 

sensitivity 18% (95% CI 7% to 36%), specificity 98% (95% CI 

95% to 99%), positive predictive value 60% (95% CI 26% to 

88%), negative predictive value 88% (95% CI 83% to 92%) and 

a diagnostic accuracy of 87% (95% CI 82% to 91%).

Classification analysis for CPSP identified APSP at the highest 

level of classification (figure 2���7KH�67$,�6�VFRUH�����ZDV�DOVR�
identified as a split point for classification of CPSP. Seventy-three 

per cent of patients with an APSP>4 and a STAI-S score >47 

had CPSP at 6 months. Binary characteristics of the classification 

tree model were sensitivity 23% (95% CI 11% to 41%), speci-

ficity 98% (95% CI 96% to 99%), positive predictive value 72% 

(95% CI 39% to 94%), negative predictive value 89% (95% CI 

84% to 93%) and a diagnostic accuracy of 88% (95% CI 83% 

to 92%).

NRS pain scores at follow-up intervals following discharge 

from the hospital are shown in figure 3. Pain scores were 

greater in patients with CPSP at all follow-up intervals. Func-

tional outcomes at 6 months are shown in table 6. The overall 

WOMAC score and the score for each of the subscales showed 

less improvement in the CPSP group compared with the no-CPSP 

group. The Physical Component Summary score of SF-36 ques-

tionnaire demonstrated more interference in physical function 

in the CPSP group. Patients with CPSP described more pain 

descriptors with greater intensity in the continuous, intermittent 

and affective descriptor categories of the SF-MPQ-2. Opioid 

analgesia use beyond 3 months was reported by 8% of the 

patients and was not different between the CPSP and no-CPSP 

groups (p=0.40).

Weighted mean NRS pain scores and oral and intravenous 

opioid analgesics administered in the intervals 0–24 hour, 25–48 

hour and 49–72 hour are shown in figure 4. NRS pain scores 

were not different between the CPSP and no-CPSP groups for 

the 0–24 hour and the 25–49 hour epochs. The median (quan-

tile) weighted NRS score was greater 4.3 (3.2–5.5) in the CPSP 

group compared with the no-CPSP group 2.4 (1.6–3.7) in the 

49–72 hour epoch, difference 1.9, 99.5% CI of the difference 
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Abstract

Background: The aim was to compare the effects on short-term and long-term pain and functional outcome of peri-
articular local anaesthetic infiltration (LIA) with LIA of the posterior knee capsule in combination with a femoral nerve
block (FNB) catheter in patients undergoing total knee arthroplasty.
Methods: Eighty patients were randomised to one of two groups: Subjects in group LIA received periarticular LIA with
ropivacaine 0.2% for postoperative analgesia; subjects in group FNB received LIA of the posterior capsule and a FNB
catheter. The primary outcome parameter was functional capacity of the knee 12 months after surgery. Secondary pa-
rameters included mobility as determined by accelerometer data, pain, satisfaction with the analgesic regimen, hospital
length of stay, and use of pain medication 3 and 12 months after surgery.
Results: There were no differences between groups in long-term functional capacity, patient satisfaction and hospital
length of stay. In the first 2 days, subjects in group FNB had slightly lower pain scores and used less opioids, and subjects
in group LIA had a higher level of accelerometer activity. Three and 12 months after surgery, subjects in group FNB had
lower maximum pain scores and were less likely to use any pain medication 12 months after surgery.
Conclusions: Both techniques were similar regarding long-term functional outcome. Subjects in group FNB had slightly
lower pain scores and lower opioid consumption after operation, lower maximum pain scores at 3 and 12 months, and
were less likely to use any pain medication at 12 months.
Clinical trial registration: NCT01966263.
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At 3 months, one subject from group FNB was excluded
from continued data collection because of revision surgery of
the knee; one subject from group FNBwithdrew from follow up
because of the development of a malignancy. One subject in
group FNB and two in group LIA missed the appointment at 3
months. None of these subjects had missed the functional
capacity tests at discharge.

At 12 months, a third subject from group FNB and three
subjects from group LIA were excluded from continued data
collection because of TKA of the contralateral knee between 3
and 12 months. In group LIA, one subject withdrew from
follow up at 12months because of the development of a severe
eye disorder requiring intensive treatment. One subject from
group FNB was unable to perform the 6MWT because of severe
backache. These subjects were not those with missing values
at discharge and 3 months.

Average and maximum pain scores at 3 and 12 months

Themissing values for average andmaximum pain scores at 3
and 12 months concern the patients who missed the 3-month

appointment, withdrew from follow up, or were excluded
from continued data collection for reasons mentioned earlier.

All missing values were classified as completely at random,
except for missing pain scores on postoperative Day 2 because
of hospital discharge.

Long-term outcome variables

Functional capacity

Patients in both groups showed a major improvement in per-
formance of functional knee capacity over time (Table 2).

Knee function and quality of life

Knee function as measured by LEFS and OKS improved over
time in both groups. Knee function was comparable between
the groups and there were no statistically significant differ-
ences at any of the time intervals. The same trend was found
regarding quality of life as evaluated by EQ5D-3L and VASQL,
and fear of movement as measured by TSK.

Table 2 Functional performances displayed as mean (SD) and adjusted differences for baseline performance. 6MWT, 6 minute walk
test; CI, confidence interval; FNB, femoral nerve block; LIA, local infiltration analgesia; ROM, range of motion; SCT, stair climbing test
(primary outcome measure); TUG, timed up and go test

Group FNB N Group LIA N Adjusted difference between means (95% CI) P¡value

SCT (s)
Baseline 21.8 (11.3) 40 17.1 (6.8) 40
Discharge 66.3 (25.9) 38 54.2 (24.7) 37 !8.2 (!19.8 to 3.5) 0.166
3 Months 16.8 (6.4) 37 17.4 (10.4) 38 2.4 (!1.5 to 6.3) 0.222
12 Months 13.8 (4.7) 37 14.3 (7.1) 36 1.9 (!0.7 to 4.5) 0.153
TUG (s)
Baseline 10.1 (2.9) 40 9.0 (2.3) 40
Discharge 21.7 (8.1) 38 19.6 (7.3) 38 !1.6 (!2.1 to 2.0) 0.380
3 Months 8.3 (1.5) 37 8.5 (2.4) 38 0.4 (!0.5 to 1.3) 0.356
12 Months 7.6 (1.2) 37 7.8 (1.9) 36 0.5 (!0.2 to 1.1) 0.197
6MWT (m)
Baseline 394 (97) 40 432 (99) 40
Discharge 203 (69) 38 219 (66) 38 8 (!22 to 38) 0.603
3 Months 440 (81) 37 447 (72) 38 !13 (!44 to 16) 0.368
12 Months 505 (84) 36 489 (71) 36 !32 (!64 to !0.4) 0.047
ROM (º)
Baseline 107 (17) 40 111 (13) 40
Discharge 74 (15) 38 72 (17) 38 !2 (!9 to 5) 0.569
3 Months 106 (13) 37 102 (13) 38 !5 (!11 to 1) 0.106
12 Months 112 (17) 37 112 (12) 36 !1 (!8 to 5) 0.580

Table 3 NRS Pain scores at 3 and 12 months, displayed as mean (SD) and differences between means adjusted for baseline pain score.
CI, confidence interval; FNB, femoral nerve block; LIA, local infiltration analgesia; NRS, numeric rating scale

Group FNB N Group LIA N Adjusted difference
between means (95% CI)

Baseline
NRS average pain 4.7 (2.3) 40 3.9 (2.2) 40
NRS maximum pain 7.2 (1.5) 40 6.7 (2.2) 40
3 Months
NRS average pain 2.4 (2.1) 38 2.8 (1.7) 37 0.7 (!0.1 to 1.5)
NRS maximum pain 3.8 (2.8) 38 4.6 (2.2) 37 1.2 (0.0e2.4)
12 Months
NRS average pain 1.1 (1.8) 37 1.5 (2.0) 36 0.5 (!0.4 to 1.4)
NRS maximum pain 1.8 (2.4) 37 3.0 (2.6) 36 1.4 (0.2e2.6)
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Pain

Average and maximum pain scores decreased over time in
both groups. Maximum pain scores, but not average pain
scores, were slightly lower in group FNB at 3 and 12 months
after surgery; P!0.047 and P!0.021, respectively (Table 3 and
Fig. 2).

Use of analgesics

Three months after surgery, there was no difference between
the groups in the use of analgesics. Twelve months after sur-
gery, patients in group LIAwere almost six timesmore likely to
use analgesic medication for pain in the operated knee
compared with patients in group FNB [odds ratio 5.9; 95%
confidence interval (CI) 1.1e31.7; P!0.037] (Table 4).

Short-term outcome variables

Postoperative pain and opioid use

Group FNB showed lower mean pain scores during the first 2
postoperative days, multilevel analysis revealed a difference
of 0.95 (95% CI: 0.39e1.51, P!0.001) (Fig. 3). Similarly, a differ-
ence in favour of the FNB group was found for maximum pain
scores (difference 1.22; 95% CI: 0.41e2.02; P!0.003).

Also, group FNB showed lower opioid consumption on the
day of surgery and the day after surgery. Table 4 displays data
on postoperative analgesic use. Oxycodone consumption on
the day of surgery was 6.1 (8.9) mg in group FNB vs 10.9 (10.3)
mg in group LIA (adjusted difference between means 4.8, 95%
CI: 0.5e9.0). Oxycodone consumption on the day after surgery
was 15.9 (12.4) mg in group FNB vs 28.6 (20.2) mg in group LIA
(adjusted difference between means 12.8, 95% CI: 5.3e20.2).

There was no difference in patient satisfaction with the
analgesic regimen [8.5 (1.1) in group FNB vs 8.1 (1.3) in group
LIA].

Postoperative activity

Group FNB showed lower activity levels on the day of the
surgery and the first postoperative day as measured by
accelerometry. Time spent active on the day of surgery was 2.3
(2.4) min in group FNB vs 4.4 (2.9) min in group LIA (adjusted
difference between means 2.2, 95% CI: 0.9e3.4). Time spent
active on the day after surgery was 20.5 (14.9)min in group FNB
vs 27.7 (14.1) min in group LIA (adjusted difference between
means 7.2, 95% CI: 0.5e13.9).

Mobilisation

There was no difference between the groups in the ability to
mobilise. ROM on the day of discharge was equal between
groups FNB and LIA [74 (15) degrees and 72 (16) degrees,
respectively], and there was no difference in hospital length of
stay (Table 1).

Serious adverse events

None of the subjects showed any sign of local anaesthetic
systemic toxicity (LAST). One falling incident was recorded. A
patient in the FNB group mobilised unattended shortly after
her return to the ward. The effects of spinal anaesthesia may
not have been fully resolved at this time and may have
contributed to the fall.

Discussion

We found no differences between groups (FNB and LIA) in
functional recovery at 6 weeks, 3 months, and 1 yr after
operation. These results agree with several other studies,
although differences inmethodology and the time of follow up
exist.17,18

We found that maximum pain scores at 3 months and 1 yr
after surgery were slightly but significantly higher in group
LIA, and the odds of taking any painmedication for knee pain 1
yr after surgery was almost six times higher in the LIA group.
Patients in group FNB also had lower pain scores and less
opioid consumption in the immediate postoperative period. As
postoperative pain is a possible risk factor for the development
of chronic pain,2,19 the possibility of a causal relation is
intriguing and should be kept in mind. However, as our study
was neither powered nor designed to detect the influence of
anaesthetic technique on postoperative pain and chron-
ification of pain after TKA, further study will be necessary to
elucidate this.

Studies analysing the effect of analgesic technique on long-
term recovery after TKA are scarce; most studies comparing
FNB and LIA focus mainly on differences in the early post-
operative period. Although pain and opioid consumption in
the immediate postoperative period are important issues from
a perspective of patient comfort and satisfaction, the effect of
analgesic technique on long-term parameters such as func-
tional recovery and pain is equally essential.

Regarding short-term outcome, we found that subjects in
group FNB had lower pain scores and less oxycodone use on
the first day and night after operation, and on the day after

Fig 2. Box plots for NRS average (a) and maximum (b) pain
scores at baseline, 3 and 12 months. " Represents outliers
outside 1.5# inter-quartile range. FNB, femoral nerve block; LIA,
local infiltration analgesia; NRS, numeric rating scale.
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surgery. The issue of the optimal analgesic regimen for fast
track TKA is controversial.

Our results agree with Carli and colleagues17 and Kovalak
and colleagues,20 who report less opioid use and lower pain
scores in the first 2 days after operation when comparing
femoral nerve catheter combinedwith LIA of the posterior part
of the knee with LIA of both the posterior and anterior area of
the knee. However, other studies reported better analgesia
with LIA compared with FNB alone.11,21e23 A possible expla-
nation for this difference is the combination of FNB with local
infiltration of the posterior capsule. Different branches of the
femoral, obturator, and sciatic nerve contribute to the inner-
vation of the knee24 and FNB alone does not provide analgesia
of the sciatic part of the knee. The addition of a sciatic nerve
block has been shown to provide better analgesia than FNB
alone25 and local infiltration of the posterior capsule likely has
a comparable effect.

Although the difference between the groups in pain scores
and opioid use is statistically significant, the clinical relevance
in the immediate postoperative period may be argued. Pain
scores were low in both groups, and patient satisfaction with
the analgesic technique was equally high.

Subjects in group FNB showed less activity as measured
with the accelerometer on the first 2 days, but ROM at hospital
discharge was similar between groups, as were length of
hospital stay and functional test scores. Early mobilisation is
believed to promote recovery after TKA and is one of the key
features of fast track rehabilitation protocols. In our study we
measured the time subjects spent active (standing, walking)
using accelerometry, an objective way to measure physical
activity.26 Our data show that subjects in group FNB were less
active on the day of surgery and the first postoperative day.
However, the total amount of time spent active during the first
day was short in both groups, on average 20 and 28min during
a 12 hour interval (8 am until 8 pm). As there was no difference
between the groups on hospital length of stay, the clinical
relevance of this difference in mobility is questionable.

Because of the potential of FNB to interfere with muscle
strength, there is concern that the risk of falling is increased.
We observed one falling incident in group FNB. This happened
when the subject contrary to instructions, mobilised unat-
tended at a time that spinal anaesthesia may not have been
fully resolved. We did not observe any other falling incidents.

The dose of ropivacaine 400 mg we use for LIA is high, and
well above the maximum recommended dose of 3e4 mg kg!1

for most patients. Although pharmacokinetic studies
involving LIA with ropivacaine 400 mg for TKA found free
ropivacaine concentrations to remain below the toxic
threshold27,28 and we observed no signs of LAST in any of our
subjects, it may be prudent to consider reducing the dose of
ropivacaine in patients with a low body weight, or in patients
who are otherwise at an increased risk for LAST.

Our study has several limitations. We used a combination
of ropivacaine and epinephrine for LIA, but around the world
LIA mixtures vary in composition, additives, and dose of local
anaesthetic; also, we opted for an intermittent bolus tech-
nique in the FNB group, whereas others may favour a contin-
uous infusion. Our results, therefore, are not necessarily
representative for different LIA mixtures and different modes
of application.

Although the total dose of ropivacaine in both groups is
comparable, the systematic difference between the two
methods of pain relief may favour the FNB group because
these patients received three additional boluses with local
anaesthetic up to 18 h after surgery, whereas patients in group
LIA only received ‘single shot’ infiltration at the end of surgery.
To counteract this difference, an intra-articular catheter
allowing similar top-ups would have been necessary in the LIA
group. However, intra-articular catheters are controversial
because of fear of an increased risk of infection, and for that
reason, are not used in many orthopaedic centres, including
ours. Therefore, despite this systematic difference between
the two techniques, a comparison is still relevant from a
clinical perspective.

Table 4 Rescue analgesic use during hospitalisation and analgesic use at 3 and 12 months follow up. In hospital oxycodone used was
added up per patient for each day. Data are expressed as mean (standard deviation). FNB, femoral nerve block; LIA, local infiltration
analgesia, CI: confidence interval

Group FNB N Group LIA N Adjusted difference
between means (95% CI)

Postoperative, in hospital, oxycodone use (mg)
Day of surgery 6.1 (8.9) 40 10.9 (10.3) 40 4.8 (0.5e9.0)
Day after surgery 15.9 (12.4) 40 28.6 (20.2) 40 12.8 (5.3e20.2)
Day 2 after surgery 15.1 (16.7) 40 13.0 (15.6) 40 2.1 (!9.3 to 5.1)
Analgesic use at 3 months (no/yes)
Paracetamol 29/9 38 25/13 38
NSAID 37/1 38 32/6 38
Opioids 35/3 38 33/5 38
Other 37/1 38 37/1 38
Overall use of pain medication at 3 months (no/yes)
Total 28/10 38 22/16 38
Analgesic use at 12 months (no/yes)
Paracetamol 36/1 37 32/7 39
NSAID 37/0 37 35/4 39
Opioids 35/2 37 38/1 39
Other 36/1 37 39/0 39
Overall use of pain medication at 12 months (no/yes)
Total 35/2 37 30/9 39

856 - Fenten et al.
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The objective of this studywas to characterize the impact of opioid-based analgesia in total joint arthroplasty. The
primary outcomeswere incidence of in-hospital complications, length of stay, and discharge destination. Six hun-
dred and seventy-three primary total hip and knee arthroplasties were retrospectively reviewed. The incidence
of opioid-related adverse drug events was 8.5%, which accounted for 58.2% of all postoperative complications.
Age, anesthesia technique, ASA score, and surgery type were signi!cant risk factors for complications. After
adjusting for these confounders, opioid-related adverse drug events were signi!cantly associated with increased
length of stay (P b 0.001) and discharge to extended care facilities (P = 0.014).

© 2015 Elsevier Inc. All rights reserved.

Opioid-based analgesia is the most commonly used intervention for
acute surgical pain in the United States [1,2] and has traditionally been
the primary mode of pain control after total joint arthroplasty (TJA)
[3].While thismodality provides powerful relief, the reliance on opioids
is limited by detrimental side effects including sedation, respiratory de-
pression, confusion, constipation, nausea, vomiting, pruritus, and uri-
nary retention. These opioid-related adverse drug events (ADEs) have
been shown to increase postsurgical length of stay (LOS) and cost of
care [4–6]. However, the speci!c impact of these adverse events in pri-
mary TJA including their incidence is not well de!ned. In addition, the
relationship between opioid-based analgesia and discharge destination
has not been previously investigated.

In an era of bundled care payments, the need for ef!cient, cost-
effective, and safe postoperative TJA analgesia has never beenmore press-
ing. Building on previous studies, we hypothesized that opioid-based an-
algesia was associated with high incidence of opioid-related ADEs as well
as increased LOS and rate of discharge to extended care facilities (ECFs).

Material and Methods

IRB approval was obtained. A sample of six hundred and seventy-
three consecutive patients admitted to our institution in 2011 and

2012 with CPT codes 27447 (total knee arthroplasty; TKA) and 27130
(total hip arthroplasty; THA) was retrospectively reviewed. Three sur-
geons performed the operations. All patients were admitted from
home on the day of surgery. Following surgery, patients had a standard-
ized clinical pathway with regards to pain control, mobilization, and
anticoagulation. In general, intravenous patient-controlled analgesia
with either hydromorphone or fentanyl was provided immediately fol-
lowing surgery and transitioned to oral opioids on the !rst postopera-
tive day. Physical and occupational therapy (PT/OT) was initiated on
the day of surgery and continued daily until discharge. Enoxaparin
was used for DVT prophylaxis unless contraindicated. Patients were
cleared for discharge when they were medically stable, had adequate
pain control, were able to void and tolerate oral diet, had no surgical
concerns, and were functionally suitable for their discharge destination
as determined by PT/OT.

The primary measures in the study were in-hospital complications,
LOS, and discharge destination. A complication was de!ned as any
event (medical or surgical) that required expert consultations or
workups, escalation of care (e.g., transfer to step-down or intensive
care), or interventions beyond the standard course of care
(e.g., intubation, application of negative pressure wound therapy, in-
creased doses of IV medications). Postoperative anemia was not includ-
ed as a complication in this study. Opioid-related ADEs consisted of the
commonly accepted adverse opioid effects, such as sedation, respiratory
depression, confusion, constipation, nausea, vomiting, pruritus, and uri-
nary retention [7]. Sedation was de!ned as the state of depressed con-
sciousness during which the patient could not be easily aroused.
Respiratory depression was de!ned as a decrease in respiratory rate
with oxygen desaturation. Decreased oxygen saturation at night in pa-
tients with obstructive sleep apnea was not counted as an opioid-
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Incidence of and Risk Factors for Chronic Opioid Use Among
Opioid-Naive Patients in the Postoperative Period
Eric C. Sun, MD, PhD; Beth D. Darnall, PhD; Laurence C. Baker, PhD; Sean Mackey, MD, PhD

IMPORTANCE Chronic opioid use imposes a substantial burden in terms of morbidity and
economic costs. Whether opioid-naive patients undergoing surgery are at increased risk for
chronic opioid use is unknown, as are the potential risk factors for chronic opioid use
following surgery.

OBJECTIVE To characterize the risk of chronic opioid use among opioid-naive patients
following 1 of 11 surgical procedures compared with nonsurgical patients.

DESIGN, SETTING, AND PARTICIPANTS Retrospective analysis of administrative health claims to
determine the association between chronic opioid use and surgery among privately insured
patients between January 1, 2001, and December 31, 2013. The data concluded 11 surgical
procedures (total knee arthroplasty [TKA], total hip arthroplasty, laparoscopic
cholecystectomy, open cholecystectomy, laparoscopic appendectomy, open appendectomy,
cesarean delivery, functional endoscopic sinus surgery [FESS], cataract surgery, transurethral
prostate resection [TURP], and simple mastectomy). Multivariable logistic regression analysis
was performed to control for possible confounders, including sex, age, preoperative history
of depression, psychosis, drug or alcohol abuse, and preoperatice use of benzodiazepines,
antipsychotics, and antidepressants.

EXPOSURES One of the 11 study surgical procedures.

MAIN OUTCOMES AND MEASURES Chronic opioid use, defined as having filled 10 or more
prescriptions or more than 120 days’ supply of an opioid in the first year after surgery,
excluding the first 90 postoperative days. For nonsurgical patients, chronic opioid use was
defined as having filled 10 or more prescriptions or more than 120 days’ supply following a
randomly assigned “surgery date.”

RESULTS The study included 641 941 opioid-naive surgical patients (169 666 men; mean [SD]
age, 44.0 [12.8] years), and 18 011 137 opioid-naive nonsurgical patients (8 849 107 men;
mean [SD] age, 42.4 [12.6] years). Among the surgical patients, the incidence of chronic
opioid in the first preoperative year ranged from 0.119% for Cesarean delivery (95% CI,
0.104%-0.134%) to 1.41% for TKA (95% CI, 1.29%-1.53%) The baseline incidence of chronic
opioid use among the nonsurgical patients was 0.136% (95% CI, 0.134%-0.137%). Except for
cataract surgery, laparoscopic appendectomy, FESS, and TURP, all of the surgical procedures
were associated with an increased risk of chronic opioid use, with odds ratios ranging from
1.28 (95% CI, 1.12-1.46) for cesarean delivery to 5.10 (95% CI, 4.67-5.58) for TKA. Male sex,
age older than 50 years, and preoperative history of drug abuse, alcohol abuse, depression,
benzodiazepine use, or antidepressant use were associated with chronic opioid use among
surgical patients.

CONCLUSIONS AND RELEVANCE In opioid-naive patients, many surgical procedures are
associated with an increased risk of chronic opioid use in the postoperative period. A certain
subset of patients (eg, men, elderly patients) may be particularly vulnerable.

JAMA Intern Med. 2016;176(9):1286-1293. doi:10.1001/jamainternmed.2016.3298
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nonsurgical patients were younger (!".! vs !!.# years; P < .##$)
and more likely to be male (!%.$% vs "&.!%; P < .##$). Both
findings are consistent with the way our sample was drawn.
First, the prevalence of surgery increases with age. Second, for
" of the surgical procedures we examined—mastectomy and
cesarean delivery—the population consisted of only female pa-
tients. Nonsurgical patients were also less likely to have used
antidepressants ($$.'% vs $!.!%; P < .##$), antipsychotics
($.#(% vs $.!)%; P < .##$), and benzodiazepines (&.&%% vs
%.%#%; P < .##$) preoperatively. In addition, the prevalence
of each of the comorbidities we examined was lower among
nonsurgical patients (Table $), and overall health care utiliza-
tion (as measured by the total number of inpatient, outpa-
tient, and pharmacy claims in the preoperative period) was
lower among nonsurgical patients (Table $). Summary statis-
tics broken down by individual procedure are listed in eTable
! in the Supplement.

Figure ! shows the incidence of chronic opioid use in the
first postoperative year, which ranged from #.$$%% for cesar-
ean delivery (%)% CI, #.$#!%-#.$(!%) to $.!$% for TKA (%)%
CI, $."%%-$.)(%). By contrast, the baseline incidence of chronic
opioid use among nonsurgical patients was #.$(&% (%)% CI,
#.$(!%-#.$(*%). The incidence of chronic opioid use was sig-
nificantly higher for all of the procedures that we examined
(P < .##$, +" test; eTable ) in the Supplement) except for ce-
sarean delivery, where the incidence rate was significantly
lower (P = .#!; eTable ) in the Supplement), and laparoscopic
appendectomy, where there was no significant difference
(P = .$); eTable ) in the Supplement).

Although Figure $ suggests that most of the surgical pro-
cedures we examined were associated with a higher inci-
dence of chronic opioid use compared with nonsurgical con-
trols, the values shown are unadjusted for differences in the
surgical and nonsurgical population detailed in Table $. To ad-
just for these differences, we used a multivariable logistic re-
gression to calculate the odds ratios (ORs) for chronic opioid
use associated with each procedure, controlling for age, sex,

and preoperative use of the medications shown in Table $.
Figure " illustrates these ORs. After adjusting for potential con-
founders, we found that TKA (OR, ).$#; %)% CI, !.&*-).)';
P < .##$), open cholecystectomy (OR, (.&#; %)% CI, ".'#-
!.&"; P < .##$), THA (OR, ".)"; %)% CI, ".$$-(.#$; P < .##$),
simple mastectomy (OR, ".&); %)% CI, "."'-(.#'; P < .##$),
laparoscopic cholecystectomy (OR, $.&"; %)% CI, $.!%-$.*&;
P < .##$), open appendectomy (OR, $.&%; %)% CI, $."!-".($;
P = .##$), and cesarean delivery (OR, $."'; %)% CI, $.$"-$.!&;
P < .##$) were associated with a significant increase in the in-
cidence of chronic opioid use. There was no significant asso-
ciation in the cases of TURP (OR, $.$!; %)% CI, #.*(-$.**; P = .)*),
laparoscopic appendectomy (OR, $.#); %)% CI, #.'!-$.(";
P = .&)), FESS (OR, $.$$; %)% CI, #.%#-$.(*; P = .((), or cataract
surgery (OR, #.'*; %)% CI, #.*!-$.#"; P = .#').

We considered several putative risk factors for chronic opi-
oid use: age (>)# years), male sex, preoperative medication use
(benzodiazepines, antidepressants, or antipsychotics), and co-
morbidities (depression, psychosis, alcohol abuse, or drug
abuse). Table " summarizes our results. Across all surgical pa-
tients, male sex (OR, $.(!; %)% CI, $.""-$.!*; P < .##$), age
greater than )# years (OR, $.*!; %)% CI, $.)&-$.%(; P = .P < .##$),
preoperative use of benzodiazepines (OR, $.'"; %)% CI, $.&(-
".#!; P < .##$), preoperative use of antidepressants (OR, $.&);
%)% CI, $.!*-$.'!; P < .##$), depression history (OR, $.$); %)%
CI, $.#"-$.(#; P = .#(), alcohol abuse history (OR, $.'(; %)%
CI, $.()-".!*; P < .##$), and drug abuse history (OR, (.$); %)%
CI, "."!-!.!#; P < .##$) were associated an increased risk of
chronic opioid use. Separate analyses by procedure are pro-
vided in eTable & in the Supplement.

We performed a residual confounding analysis to esti-
mate the degree of confounding that would need to be pres-
ent to explain our results. In the case of TKA, we computed
that the true OR for chronic opioid use would be statistically
indistinguishable from $ in the presence of an unmeasured
binary confounder with ($) a prevalence of )#% in the sur-
gical population, (") a prevalence of #% in the nonsurgical

Figure 1. Incidence of Chronic Opioid Use Among Opioid-Naive Surgical and Nonsurgical Patients
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Illustrated is the incidence of chronic
opioid use within 1 year after surgery
for surgical patients and the annual
incidence of chronic opioid use
among nonsurgical patients. Error
bars indicate 95% CIs, which were
calculated using robust standard
errors.
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population, and (!) an adjusted OR of ".!# for chronic opioid
use. Assuming the same prevalence, this hypothetical con-
founder would need to have an OR for chronic opioid use of
!.$$ to nullify our findings for THA. For the remaining proce-
dures, the required ORs would need to be at least %.&" for lapa-
roscopic cholecystectomy, #.' for open cholecystectomy, %.#"
for open appendectomy, %.$# for cesarean delivery, and !.('
for simple mastectomy.

Discussion
In this study, we examined the incidence of chronic opioid use
following surgery in opioid-naive patients. Compared with a
reference group of nonsurgical patients, we found an
increased rate of chronic opioid use for patients undergoing
TKA, open cholecystectomy, THA, simple mastectomy, lapa-
roscopic cholecystectomy, FESS, open appendectomy, lapa-
roscopic appendectomy, and cesarean delivery. Preoperative
use of benzodiazepines and antidepressants was associated
with an increased risk of chronic opioid use for most of the pro-
cedures, as was a history of drug abuse.

Our analysis extends previous work in several ways. First,
previous studies have typically reported rates of opioid use fol-
lowing surgery without considering the baseline incidence of
opioid use in the population, making it unclear the degree to
which these rates exceed the expected rate of opioid use. In
this study, we addressed this issue by comparing the inci-
dence of chronic opioid use among postsurgical patients with
the incidence of chronic opioid use among a reference group
of nonsurgical patients. Second, in contrast to much of the
existing literature, our study focuses on opioid-naive pa-
tients. Third, we analyze the role of several potential risk fac-
tors—such as drug and alcohol abuse history as well as pre-
operative benzodiazepine use—that have not been considered
in previous work. Finally, some previous studies were per-
formed among Canadian patients&,%); we evaluate patients in
the United States, where a different set of opioid consump-
tion and prescribing behaviors may exist.$),$%

We surmise that chronic opioid use following surgery oc-
curs because surgery may unmask an individual’s suscepti-
bility toward long-term opioid use. Patients undergoing sur-
gery are clearly at risk for postsurgical pain, a subjective
experience that is modulated by many factors, including psy-
chological, behavioral, and medical characteristics. More-
over, acute postoperative pain, when severe, is predictive of
the development of chronic pain.$$ Put together, these indi-
vidual factors may render some patients susceptible to am-
plification of acute postsurgical pain, thereby increasing their
risk for chronic opioid use following surgery.

Our results have several clinical implications. First, while
we found that surgical patients are at an increased risk for
chronic opioid use, the overall risk for chronic opioid use re-
mains low among these patients, at less than ).(% for most of
the procedures that we examined. Thus, our results should not
be taken as advocating that patients forgo surgery out of con-
cerns for chronic opioid use. Rather, our results suggest that
primary care clinicians and surgeons should monitor opioid
use closely in the postsurgical period. Moreover, they indi-
cate that surgical patients, particularly those at higher risk for
chronic opioid use, may benefit from techniques to reduce the
risk of chronic opioid use, such as multimodal analgesia$! and
regional anesthesia,$! particularly in light of literature sug-
gesting that these interventions may improve other periopera-
tive outcomes including mortality, complication rates, length
of stay, opioid use, and opioid-related adverse events.$#-$' Fi-
nally, patients may also benefit from other preoperative and
postoperative interventions, such as evidence-based psy-
chobehavioral pain management skills.

Our study should be viewed in the context of its limita-
tions. Our nonsurgical population differed in several ways
from our surgical population, and while we controlled for
many possible confounders, we cannot exclude the possibil-
ity that differences in opioid use between the $ groups may
be due to unobserved confounding. In particular, since pain
is often the indication for a given surgery (eg, THA or TKA),
one might expect a relatively high baseline incidence of
chronic pain (postoperatively) among these patients relative

Figure 2. Risk of Chronic Opioid Use Following Surgery
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Illustrated are the adjusted odds
ratios for chronic opioid use within 1
year after surgery for each study
surgical procedure. Error bars
indicate 95% CIs, which were
calculated using robust standard
errors. Our regression model included
controls for age, sex, year of surgery,
and overall health care utilization. In
addition, the model also included
controls for preoperative use of
benzodiazepines, antidepressants,
and antipsychotics, and controls for
the medical comorbidities listed in
Table 1.
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to the general population. However, it is important to note
that pain is not the primary indication for all of the proce-
dures we considered. Moreover, even in the cases of TKA and
THA, our analysis considered patients whose pain was not
sufficient to require opioids prior to their procedure. We were
also unable to measure ! possible confounder, socioeconomic

status. We did perform a residual confounding analysis, the
results of which suggested that the magnitude of confound-
ing (in terms of the prevalence of a hypothetical confounder
among the surgical population and its effect on chronic opi-
oid use) would need to be extremely large to explain our
results. Nonetheless, on the whole, more work is needed to
establish a definitive causal relationship between surgery
and opioid use.

Second, our study was limited to privately insured pa-
tients aged !" to #$ years, and therefore may not generalize
to other populations, such as the elderly or those receiving
Medicaid. Finally, it is worth noting that our patients were opi-
oid naive in the sense of not having filled an opioid prescrip-
tion in the ! year prior to their surgery date; we do not know if
they had used any opioid prior to this period or whether they
used opioids surreptitiously in the year prior to surgery.

Conclusions
In sum, our results suggest that opioid-naive patients are at
an increased risk for chronic opioid use following surgery, and
that patients using antidepressants or benzodiazepines, as well
as patients with a history of drug abuse, are at particularly high
risk. Whether these results apply to other surgical proce-
dures and patient populations, and whether interventions in
the postoperative period can reduce the risk of chronic opi-
oid use, is a subject for further research.

ARTICLE INFORMATION

Accepted for Publication: May 14, 2016.

Correction: This article was corrected on August 8,
2016, to add the middle initial to the second
author’s name.

Published Online: July 11, 2016.
doi:10.1001/jamainternmed.2016.3298.

Author Contributions: Dr Sun had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Sun, Baker, Mackey.
Acquisition, analysis, or interpretation of data: Sun,
Darnall.
Drafting of the manuscript: Sun, Baker, Mackey.
Critical revision of the manuscript for important
intellectual content: Darnall, Baker, Mackey.
Statistical analysis: Sun.
Obtained funding: Sun.
Administrative, technical, or material support:
Baker, Mackey.
Study supervision: Baker, Mackey.

Conflict of Interest Disclosures: None reported.

Funding/Support: Dr Sun was supported in part by
a Mentored Research Training Grant from the
Foundation for Anesthesia Education and Research
and the Anesthesia Quality Institute.

Role of the Funder/Sponsor: The Foundation for
Anesthesia Education and Research and the
Anesthesia Quality Institute had no role in the
design and conduct of the study; collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the

manuscript; and decision to submit the manuscript
for publication.

REFERENCES

1. Leider HL, Dhaliwal J, Davis EJ, Kulakodlu M,
Buikema AR. Healthcare costs and nonadherence
among chronic opioid users. Am J Manag Care.
2011;17(1):32-40.

2. Centers for Disease Control and Prevention
(CDC). Vital signs: overdoses of prescription opioid
pain relievers—United States, 1999-2008. MMWR
Morb Mortal Wkly Rep. 2011;60(43):1487-1492.

3. Daubresse M, Chang HY, Yu Y, et al. Ambulatory
diagnosis and treatment of nonmalignant pain in
the United States, 2000-2010. Med Care. 2013;51
(10):870-878.

4. Wright EA, Katz JN, Abrams S, Solomon DH,
Losina E. Trends in prescription of opioids from
2003-2009 in persons with knee osteoarthritis.
Arthritis Care Res (Hoboken). 2014;66(10):1489-1495.

5. Bohnert AS, Valenstein M, Bair MJ, et al.
Association between opioid prescribing patterns
and opioid overdose-related deaths. JAMA. 2011;
305(13):1315-1321.

6. Edlund MJ, Steffick D, Hudson T, Harris KM,
Sullivan M. Risk factors for clinically recognized
opioid abuse and dependence among veterans
using opioids for chronic non-cancer pain. Pain.
2007;129(3):355-362.

7. Edlund MJ, Martin BC, Fan MY, Devries A, Braden
JB, Sullivan MD. Risks for opioid abuse and
dependence among recipients of chronic opioid

therapy: results from the TROUP study. Drug
Alcohol Depend. 2010;112(1-2):90-98.

8. Sehgal N, Manchikanti L, Smith HS. Prescription
opioid abuse in chronic pain: a review of opioid
abuse predictors and strategies to curb opioid
abuse. Pain Physician. 2012;15(3)(suppl):ES67-ES92.

9. Alam A, Gomes T, Zheng H, Mamdani MM,
Juurlink DN, Bell CM. Long-term analgesic use after
low-risk surgery: a retrospective cohort study. Arch
Intern Med. 2012;172(5):425-430.

10. Clarke H, Soneji N, Ko DT, Yun L, Wijeysundera
DN. Rates and risk factors for prolonged opioid use
after major surgery: population based cohort study.
BMJ. 2014;348:g1251.

11. Raebel MA, Newcomer SR, Reifler LM, et al.
Chronic use of opioid medications before and after
bariatric surgery. JAMA. 2013;310(13):1369-1376.

12. Harden RN, Bruehl S, Stanos S, et al.
Prospective examination of pain-related and
psychological predictors of CRPS-like phenomena
following total knee arthroplasty: a preliminary
study. Pain. 2003;106(3):393-400.

13. Baker L, Bundorf MK, Royalty A. Private
insurers’ payments for routine physician office visits
vary substantially across the United States. Health
Aff (Millwood). 2013;32(9):1583-1590.

14. Chernew ME, Sabik LM, Chandra A, Gibson TB,
Newhouse JP. Geographic correlation between
large-firm commercial spending and Medicare
spending. Am J Manag Care. 2010;16(2):131-138.

15. Dor A, Koroukian S, Xu F, Stulberg J, Delaney C,
Cooper G. Pricing of surgeries for colon cancer:

Table 2. Risk Factors for Chronic Opioid Use Following Surgerya

Risk Factor Odds Ratio (SE)a P Value
Demographics

Male 1.34 (0.0648) <.001

Age >50 y 1.74 (0.0942) <.001

Preoperative drug use

Benzodiazepines 1.82 (0.1049) <.001

Antidepressants 1.65 (0.0928) <.001

Antipsychotics 1.14 (0.1330) .28

Medical comorbidities

Depression 1.15 (0.0717) .03

Psychosis 1.03 (0.2094) .89

Alcohol abuse 1.83 (0.2834) <.001

Drug abuse 3.15 (0.5385) <.001

a Table lists the results of a multivariable logistic regression in which the
dependent variable was chronic opioid use and the independent variables
were preoperative use of benzodiazepines, antidepressants, or antipsychotics;
reported odds ratios are for chronic use associated with each risk factor, with
robust standard errors (SEs) reported in parentheses. Not shown are controls
for the remaining medical variables listed in Table 1 or controls for year of
surgery.
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• Amélioration des capacités fonctionnelles

• Diminution de la douleur

• Et la mobilité?… TKA: min=110°/bon=120-125°/TB>125°

QUEL OBJECTIF POUR UNE ARTHROPLASTIE 
DE GENOU?



The influence of pain on knee motion in patients with osteoarthritis 
undergoing total knee arthroplasty.
Bennett D1, Hanratty B, Thompson N, Beverland DE.

Orthopedics. 2009 Apr

RELATION ENTRE MOBILITE ET DOULEUR

15 à 20° de mobilité supplémentaire sous anesthésie

https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Bennett%2520D%255BAuthor%255D&cauthor=true&cauthor_uid=19388620
https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Hanratty%2520B%255BAuthor%255D&cauthor=true&cauthor_uid=19388620
https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Thompson%2520N%255BAuthor%255D&cauthor=true&cauthor_uid=19388620
https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Beverland%2520DE%255BAuthor%255D&cauthor=true&cauthor_uid=19388620


The role of pain for early rehabilitation in fast track total knee arthroplasty

BENTE HOLM, MORTEN TANGE KRISTENSEN, LIS MYHRMANN,

HENRIK HUSTED, LASSE ØSTERGAARD ANDERSEN, BILLY KRISTENSEN & HENRIK KEHLET

Hypothèse: peu d’influence de la douleur sur la recuperation 
fonctionnelle précoce

DOULEUR ET RECUPERATION FONCTIONNELLE



What is the evidence to support early supervised exercise therapy after primary total knee replacement? A systematic review and meta-analysis 

Larissa Nicole Sattler, Wayne Anthony Hing and Christopher John VertulloB      BMC Musculoskeletal Disorders (2019)

REEDUCATION PRECOCE

La rééducation précoce ne permet pas d’augmenter la mobilité



Do Patients Really Gain Outcome Benefits When Using the High-Flex Knee Prostheses in Total Knee Arthroplasty? 
A Meta-Analysis of Randomized Controlled Trials 
Canfeng Li, MM, Bin Shen, MD, Jing Yang, MD, Zongke Zhou, MD, Pengde Kang, MD, Fuxing Pei, MD 
Do patients care about higher flexion in total knee arthroplasty? A randomized, controlled, double-blinded trial
Thomsen et al. BMC Musculoskeletal Disorders 2013 

AMPLITUDE ARTICULAIRE

L’amplitude articulaire n’est que peu augmentée par la chirurgie 
et influe peu sur la satisfaction



IGINAL ARTICLE 

Early Progressive Strength Training to Enhance Recovery After Fast-Track Total Knee Arthroplasty: A Randomized Controlled Trial 

THOMAS LINDING JAKOBSEN, HENRIK KEHLET, HENRIK HUSTED, JANNE PETERSEN, AND THOMAS BANDHOLM

RENFORCEMENT MUSCULAIRE

Pas de bénéfice dans le renforcement progressif
par rapport à la rééducation conventionnelle



Improved walking distance and range of motion predict patient satisfaction after TKA 
Stefaan Van Onsem · Matthias Verstraete· Sebastiaan Dhont · Bert Zwaenepoel · Catherine Van Der Straeten · Jan Victor

© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2018 

PERFORMANCE

Amélioration du 6MWT de 50m et du ROM de 5° augmente la 
satisfaction de 6 à 8 fois



BMC Musculoskeletal Disorders (2019) 

MOBILITE ET FONCTION

The Effect of Postoperative Range of Motion on Functional Activities After Posterior Cruciate- Retaining Total Knee 
Arthroplasty
By Merrill A. Ritter, MD, Joseph D. Lutgring, BS, Kenneth E. Davis, MS, and Michael E. Berend, MD



Knee Range of Motion After Total Knee Arthroplasty. How Important Is This as an Outcome Measure? Andrew L.

Miner, BS, Elizabeth A. Lingard, BPhty, MPhil, MPH, Elizabeth A. Wright, PhD, Clement B. Sledge, MD, Jeffrey N.

Katz, MD,

The Journal of Arthroplasty Vol. 18 No. 3 2003 

SATISFACTION

La récupération de la fonction est plus importante
que la récupération de la mobilité



Management of the stiff TKA is best achieved by preventing its occurrence using strategies to 

control preoperative factors, avoid intraoperative technical errors and perform aggressive, 

painless postoperative physical medicine and rehabilitation; adequate pain control is 

paramount in non-invasive management. 

The stiff total knee arthroplasty: causes, treatment modalities and results 

EFORT Open Rev. 2019 Oct

EVITER L’ECHEC



Patient Expectations Affect Satisfaction with Total Knee Arthroplasty Philip C. Noble, PhD; Michael A. 
Conditt, PhD; Karon F. Cook, PhD ; and Kenneth B. Mathis, MD

CLINICAL ORTHOPAEDICS AND RELATED RESEARCH 2006

LE SUCCES

La satisfaction dépend de l’adéquation entre le résultat et les 
attentes du patients



CONCLUSION

SI TU T’OCCUPES BIEN DE TA POULE, TU AURAS UN BEL OEUF!

ET TON PATIENT SERA CONTENT

ANALGESIE

MOBILITE


