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a  b  s  t  r  a  c  t

Background:  Postoperative  pain  is a major  concern  after  total  knee  replacement  (TKR)  and  can  be  relieved
using  different  methods,  including  femoral  nerve  block  (FNB).  Quadriceps  strength  recovery  (QSR)  is the
most sensitive  objective  indicator  of functional  recovery  after  TKR.  The  goal  of  this  study  was  to  compare
the  QSR  following  TKR  between  three  approaches  to analgesia.
Hypothesis:  FNB  delays  QSR  at short-  and  mid-term  follow-up.
Methods: In  this  prospective  randomized  trial,  with  single-blind  assessment  involving  135  patients
admitted  for TKR in an  academic  center,  the  three  following  groups  included  were: (A)  Continuous
FNB  48  h +  PCA,  (B) Single-shot  FNB  +  PCA  and  (C)  PCA  alone.  No  intra-articular  local  anesthesia  was  car-
ried out  for  all patients.  Groups  were  comparable  for  demographic  and  surgical  data.  FNB  was  carried
out  and  controlled  (electric  stimulation)  by an  expert  anesthesiologist  prior  to the  surgery.  Follow-
up  was  standardized  in  all groups  using  blinded  assessors.  Quadriceps  strength  was  measured  using
a  certified  dynamometer  at 6  weeks,  6 months  and  12 months.  Multivariate  analysis  (Kruskal-Wallis,
Mann-Whitney)  was  used  for the  main  outcome.
Results: A  total  of 135 patients  were  included.  Two  patients  in  group  B were  excluded  due  to  a  direct  fall
in  the  first  postoperative  week  with  extensor  mechanism  rupture  and  peri-prosthetic  femoral  fracture.
QSR  was  significantly  decreased  in  patients  with  FNB at all times  (mean  ±  SD):  6  weeks (A: 51.3  ±  23.3%;
B: 62.2  ±  21.9%;  C:  77.4  ±  19.5%;  p < 0.01),  6  months  (A:  65.4 ± 22.9%;  B:  82.1  ± 24.2%;  C: 95.7  ± 20.7%;

p < 0.01)  and 12  months  (A:  87.8  ±  17.6%;  B: 97.8  ±  26.9%;  C:  104.8  ±  25.2%;  p  = 0.02).  No  significant  dif-
ference  between  continuous  or single-shot  FNB  was  observed.
Conclusion:  FNB  has  a negative  influence  on  QSR  at short-  and  mid-term  follow-up.  FNB  should  not  yet
be  recommended  for analgesia  after  TKR.
Level evidence:  I  High-quality  randomized  controlled  trial  with  statistically  significant  difference.

© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

Postoperative pain is a main concern after total knee replace-
ent (TKR). Insufficient pain relief in the postoperative period

egatively impacts the patient’s rehabilitation. Thus, various pain

ontrol modalities have been developed following TKR, ranging
rom local anesthetic methods [1] to various nerve blocks [2,3].
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Femoral nerve block (FNB) has demonstrated beneficial effects
following TKR in terms of reduced opioid intake, reduced length of
stay, and increased patient satisfaction [2]. The efficacy of FNB in
reducing pain has not been associated with a negative impact on
the active knee range of motion (ROM) [4].

Recent studies suggest that quadriceps strength is the best
objective indicator for functional recovery following TKR [5,6].
Quadriceps electrical stimulation in the perioperative period has

not yet demonstrated positive effects on quadriceps strength recov-
ery (QSR) [7].

Obtaining optimal functional outcomes remains the main objec-
tive for patients following TKR. Therefore, it is of utmost importance
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o determine if FNB has any impact on QSR. The purpose of this
tudy was to compare the QSR following TKR in patients with or
ithout FNB. We  hypothesized that FNB delays QSR at short- and
id-term follow-up.

. Methods

.1. Patients

All patients older than 18 admitted for a TKR were included in
he study. Patients were excluded from the study if they had a previ-
us surgery on the involved or contralateral knee, or if they present
ontra-indication to FNB. Subjects gave their written consent. The
tudy received full approval by our institutional research ethics
oards. The study is registered in ClinicalTrial.gov (NCT01111513).
ig. 1 illustrates the selection process in the study.

.2. Study design

This study was a prospective, randomized trial. Subjects were
andomized to one of three groups using sealed opaque envelopes:
roup A = FNB 48 hours + PCA, group B = FNB single-shot + PCA,
roup C = PCA (Patient controlled analgesia) alone (no sham block).
oncealed randomization was obtained using the randomizer.org
oftware. Envelopes were opened in the induction room. The eval-
ator was blinded to the type of analgesia until the end of the
tudy.

.3. Insertion of FNB

The FNB catheter was inserted under electric stimulation in
he induction room prior to the surgery by an experienced anaes-
hesiologist trained in regional anaesthesia. The technique was
tandardized for all patients. Patients received either a single-
hot (20 cc) of ropivacaine 0.05% and the catheter withdrawn, or

 20 cc bolus of ropivacaine 0.05% and the catheter kept in place for
8 hours with a 7 cc/h perfusion of ropivacaine 0.15%.

Immediately upon arrival in the recovery room, PCA was  initi-
ted in the three groups with a progressive loading dose (morphine

 mg each 5 minutes until 15 mg)  followed by an adjustable bolus
ose of 1–1.5 mg  morphine each 8 minutes until a maximum of
0 mg for 4 hours. Oral or rectal acetaminophen 1000 mg  qid and
aproxen 500 mg  bid were delivered for 48 hours.

.4. Surgical procedure

All procedures were carried out by general orthopedic sur-
eons. Most surgeries were conducted under general anesthesia.
ntibiotic prophylaxis was given at induction and a tourniquet
as positioned around the thigh on a supine patient. The TKR
as undertaken using a medial parapatellar approach. The system
sed was the PFC-Sigma (Press-Fit Condylar system, Johnson and

ohnson, Raynham, MA). Patella resurfacing was performed on sur-
eon’s preference. The postoperative rehabilitation protocol was
tandardized for all patients.

.5. Outcome measures

The primary outcome measure was QSR, calculated as the per-
entage of postoperative quadriceps strength value divided by
he preoperative quadriceps’ strength value. Quadriceps strength
as measured at the preoperative visit (within two  weeks prior
o surgery) and at 6 weeks, 6 months, and 12 months following
KR. Quadriceps strength was determined with a specific certified
ynamometer (Isoforce, MDS, Oberburg, Switzerland). All mea-
ures were carried out by the same blinded evaluator, specifically
 Surgery & Research 105 (2019) 633–637

trained for the completion of this test. Three repeated measures
were obtained with a one-minute interval, and the mean was cal-
culated. Quadriceps strength was measured in closed and open (at
sixty degrees) chain contractions.

Secondary outcome measures included knee pain (VAS), clinical
and functional evaluations at 6 weeks, 6 months, and 12 months.
Active knee ROM was determined using a goniometer. The diameter
of the thigh was measured 15 cm above the upper pole of the patella
with a metric band. Complementary functional evaluations were
obtained using the WOMAC  [8] and SF-36 v2 [9] scales.

During the first 48 hours, opioid consumption was calculated
using the total PCA amount delivered adjusted to the subject’s
weight.

2.6. Statistical analysis

To obtain a power of 80%, a sample of 135 patients was calcu-
lated based on a significant 10% difference in QSR between groups
[10] and including an a priori 15% of subjects lost at follow-up.

To determine the significance for the main outcome between
the three groups, a three-way ANOVA test was  performed with a
Kruskal-Wallis test. When a significant difference was detected, a
Mann-Whitney test was performed to rank the groups.

Data were analysed with the SPSS 19.1 software (IBM, Chicago,
IL). All data were analysed using the intention to treat procedure.
A p value ≤ 0.05 was considered significant.

3. Results

One hundred and thirty-five (135) patients were included.
Table 1 describes the baseline characteristics of the subjects
included in the study. The main exclusions are illustrated in Fig. 1
Two patients in group B presented a major complication during
hospital stay related to a fall: a periprosthetic femoral fracture
requiring fixation with a locking plate and an extensor mechanism
rupture requiring suture and brace.

There was  a significant reduction in QSR, more consistent in
closed chain contractions, at all time points for patients with FNB
(continuous or single-shot). Table 2 summarizes QSR for all treat-
ment groups at all time points.

A progressive significant recovery of quadriceps strength was
observed in all groups during the follow-up period, either for closed
or open chain contractions. There was  no significant difference in
QSR between single-shot or continuous FNB at all time points. There
was no correlation at any time point between QSR and surgical
factors or patient characteristics.

Significantly higher ROM was obtained in subjects without FNB
at all time points (Table 3).

No differences between groups for the VAS, the thigh diame-
ter and all subscales of the SF-36 v2 scale. Patients without FNB
performed best on the WOMAC  score (p < 0.05) and a significant
association with QSR was observed (rho 0.177, p = 0.032).

Table 4 summarizes opioid consumption and length of hospital
stay.

4. Discussion

This study demonstrates a significant negative effect of FNB on
QSR, mainly for closed chain contractions. A negative impact on QSR
is strongly suggestive of a worse rehabilitation process. We  believe

that FNB may  inhibit quadriceps motor units, thereby decreasing
the real number of these units available for rehabilitation. This may
explain the persistence of a difference in QSR up to one year after
surgery and confirms the study hypothesis.
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Figure 1. Flow diagram of the study.

Table 1
Baseline characteristics of the 135 subjects included in the study.

Group AFNB 48 h + PCA(N = 45) Group BFNB single + PCA(N = 45) Group CPCA alone(N = 45)

Age (yrs)* 66.6 (7.8) 69.4 (7.4) 67.0 (8.9)
Gender

Male  20 (44.4%) 20 (44.4%) 25 (55.6%)
Female 25 (55.6%) 25 (55.6%) 20 (44.4%)

Body  Mass Index (kg/m2)* 30.8 (8.3) 31.3 (5.6) 29.5 (6.6)
Diagnosis
Osteoarthrosis 42 (93.4%) 44 (97.8%) 44 (97.8%)
Rheumatoid arthritis 2 (4.4%) 1 (2.2%) 1 (2.2%)
Other  1 (2.2%) 0 (0%) 0 (0%)

Type  of TKR
Cruciate-retaining 33 (73.3%) 31 (68.9%) 33 (73.3%)
Postero-stabilized 12 (26.7%) 14 (31.1%) 12 (26.7%)
Patella  resurfacing 26 (57.8%) 21 (46.7%) 23 (51.1%)

Surgical time (min)* 86.6 (21.3) 89.3 (14.7) 85.7 (24.0)
Tourniquet time (min)* 67.8 (22.5) 73.4 (15.6) 69.5 (18.6)
Anaesthesia

General 33 (73.3%) 30 (66.7%) 35 (77.8%)

* n grou

s
p
s
w

a
s
t

Spinal  12 (26.7%) 

Results expressed as means (standard deviation) No significant differences betwee

It is unclear if the inhibition of motor units is a direct con-
equence of the procedure or the anaesthetic drug [11]. All FNB
rocedures were performed under electric stimulation, but other
tudies demonstrated the same results when FNB was  performed
ith ultrasound [12,13].
Many complications related to the reduced quadriceps strength
fter FNB were described, mainly fractures around the knee con-
ecutive to a fall during the hospital stay [14,15]. We  observed
wo cases in this study with these major complications. Some
15 (33.3%) 10 (22.2%)

ps.

recent studies associated these complications with the motor block
induced by FNB [16,17].

New analgesic modalities were developed to prevent these com-
plications, and the periarticular injection (PAI) is the gold standard
method to achieve a good analgesic effect with a rapid complete

functional recovery [1,4,18–20]. PAI is more effective than FNB or
adductor canal blocks for pain control and QSR [4,16,21].

Most studies describing the harmlessness of FNB after TKR used
the ROM as a functional outcome measure and did not demonstrate



636 M. Angers et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 633–637

Table  2
Quadriceps strength recovery for each treatment group.

Group AFNB 48h + PCA(N = 36) Group BFNB single + PCA(N = 36) Group CPCA alone(N = 32) p value

Closed chain contractions
6 weeks 51.3% (23.3;44.1-58.5) 62.2% (21.8;55.2-69.2) 77.4% (19.5;70.7-84.1) < 0.01*

6 months 65.4% (22.9;57.9-72.9) 82.1% (24.2;74.2-90) 95.7% (20.6;88.5-102.9) < 0.01*

12 months 87.8% (17.6;82.1-93.5) 97.8% (26.9;89-106.6) 104.8% (25.2;96.1-113.5) 0.022*

Open chain contractions
6 weeks 74.1% (28.1;65.4-82.8) 73.1% (28.4;64.1-82.1) 90.9% (26.8;81.8-100) < 0.01*

6 months 106.7% (40.7;93.4-120) 98.7% (47,0;83.4-114) 119.3%(46,0;103.4-135.2) 0.146
12  months 130.1% (64.1;109.2-151) 107.5% (33.7;96.5-118.5) 131.5%(50,0;114.3-148.7) 0.132

Results expressed in percentages as means (SD; 95% confidence interval). *Significant p value.

Table 3
Knee range of motion for each treatment group.

Group AFNB 48h + PCA(N = 36) Group BFNB single + PCA(N = 36) Group CPCA alone(N = 32) p value

6 weeks (◦) 99.2 (14.7) 96.5 (13.8) 103.8 (10.1) 0.046*

6 months (◦) 106.6 (12.0) 103.4 (12.0) 109 (9.9) 0.159
12  months (◦) 104.6 (21.3) 104.8 (11.0) 111.5 (8.2) 0.026*

Results expressed as means (SD).*Significant p value.

Table 4
Morphine consumption (PCA) and hospital length of stay.

Group AFNB 48h + PCA(N = 45) Group BFNB single + PCA(N = 45) Group CPCA alone(N = 45) p value

Morphine consumption (mg/kg) 0.45 (0.4) 0.48 (0.3) 0.56 (0.3) 0.14
24  hours
48 hours 0.75 (0.6) 0.75 (0.4) 0.79 (0.5) 0.55
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Hospital length of stay 6.2 (2.1) 

esults expressed as means (SD).

ifferences between treatment groups [4]. This study demonstrates
he absence of a relationship between QSR and ROM and suggests
hat ROM is not the best tool to assess functional outcome following
KR.

No differences in VAS values between the three groups dur-
ng hospital stay or at follow-up visits were observed. This can
e explained either by the bolus PCA each patient received at the
ecovery room or by the absence of efficacy of FNB on the poste-
ior aspect of the knee. The beneficial aspect of adding a PAI is then
asily understandable.

The main strength of this study is its design with a blinded eval-
ator. We  acknowledge some limitations. The most important is a
igher than expected number of patients lost to follow-up (22.3% vs.
5%). The patients with complications were excluded and no mea-
ure of quadriceps strength was performed, preventing to include
hese data in the final analysis.

. Conclusion

FNB has a negative influence on QSR at short- and mid-term
ollow-up. FNB should not yet be recommended for analgesia after
KR.

isclosure of interest

The authors declare that they have no competing interest.

ource of funding

No external funding for this study.

ontributions of the authors
Michèle Angers: Writing.
Étienne L. Belzile: Data gathering, writing.
Jessica Vachon: Writing.
Philippe Beauchamp-Chalifour: Writing.
(2.1) 6.1 (3.0) 0.30

Stéphane Pelet: Study design, statistical analysis, writing.

Acknowledgments

We  thank the anesthesiology department at hôpital Enfant-
Jésus de Québec for their full collaboration in this study. We  also
thank our research nurse Hélène Côté for performing all quadriceps
strengths measurements.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.otsr.2019.03.002.

References

[1] Vendittoli PA, Makinen P, Drolet P, Lavigne M,  Fallaha M, Guertin MC,  et al.
A  multimodal analgesia protocol for total knee arthroplasty. A randomized,
controlled study. J Bone Joint Surg Am 2006;88:282–9.

[2] Paul JE, Arya A, Hurlburt L, Cheng J, Thabane L, Tidy A, et al. Femoral nerve block
improves analgesia outcomes after total knee arthroplasty: a meta-analysis of
randomized controlled trials. Anesthesiology 2010;113:1144–62.

[3] Yun XD, Yin XL, Jiang J, Teng YJ, Dong HT, An LP, et al. Local infiltration analgesia
versus femoral nerve block in total knee arthroplasty: a meta-analysis. Orthop
Traumatol Surg Res 2015;10:565–9.

[4] Salinas FV, Liu SS, Mulroy MF.  The effect of single-injection femoral nerve block
versus continuous femoral nerve block after total knee arthroplasty on ospital
length of stay and long-term functional recovery within an established clinical
pathway. Anesth Analg 2006;102:1234–9.

[5] Mizner RL, Petterson SC, Snyder-Mackler L. Quadriceps strength and the time
course of funtional recovery after total knee arthroplasty. J Orthop Sports Phys
Ther 2005;35:424–36.

[6] Saleh KJ, Lee LW,  Gandhi R, Ingersoll CD, Mahomed NN, Sheibani-Rad S, et al.
Quadriceps strength in relation to total knee arthroplasty outcomes. Instr
Course Lect 2010;59:119–30.
[7] Monaghan B, Caulfield B, O’Mathúna DP. Surface neuromuscular electrical stim-
ulation for quadriceps strengthening pre and post total knee replacement.
Cochrane Database Syst Rev 2010;1:CD007177.

[8] Bellamy N, Buchanan WW,  Goldsmith CH, Campbell J, Stit LWJ. Validation of
WOMAC. A health status instrument for measuring clinically important patient

http://dx.doi.org/10.1016/j.otsr.2019.03.002
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0110
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0115
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0120
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0125
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0130
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145


ology:

[

[

[

[

[

[

[

[

[

[

[

M. Angers et al. / Orthopaedics & Traumat

relevant outcomes to antirheumatic drug therapy in patients with osteoarthri-
tis  of the hip or knee. J Rheumatol 1995;15:1833–40.

[9] Ware JE, Sherbourne CD, The MOS. 36-Item Short-Form Health Survey (SF-36):
I.  conceptual framework and item selection. Med  Care 1992;30:473–83.

10] Mizner RL, Petterson SC, Stevens JE, Vandenborne K, Snyder-Mackler L. Early
quadriceps strength loss after total knee arthroplasty. The contributions of
muscle atrophy and failure of voluntary muscle activation. J Bone Joint Surg
Am  2005;87:1047–53.

11] Wiegel M,  Gottschaldt U, Hennebach R, Hirschberg T, Reske A. Complications
and adverse effects associated with continuous peripheral nerve blocks in
orthopedic patients. Anesth Analg 2007;104:1578–82.

12] Fredrickson MJ,  Kilfoyle DH. Neurological complication analysis of 1000 ultra-
sound guided peripheral nerve blocks for elective orthopaedic surgery: a
prospective study. Anaesthesia 2009;64:836–44.

13] Orebaugh SL, Kentor ML,  Williams BA. Adverse outcomes associated with
nerve stimulator-guided and ultrasound-guided peripheral nerve blocks by
supervised trainees: update of a single-site database. Reg Anesth Pain Med
2012;37:577–82.
14] Lareau JM,  Robbins CE, Talmo CT, Mehio AK, Puri L, Bono JV. Complications
of femoral nerve blockade in total knee arthroplasty and strategies to reduce
patient risk. J Arthroplasty 2012;27:564–8.

15] Kandasami M, Kinninmonth AW,  Sarungi M,  Baines J, Scott NB. Femoral nerve
block for total knee replacement - a word of caution. Knee 2009;16:98–100.

[

 Surgery & Research 105 (2019) 633–637 637

16] Chaumeron A, Audy D, Drolet P, Lavigne M,  Vendittoli PA. Periarticular injec-
tion  in knee arthroplasty improves quadriceps function. Clin Orthop Relat Res
2013;47:2284–95.

17] Feibel RJ, Dervin GF, Kim PR, Beaulé PE. Major complications associated with
femoral nerve catheters for knee arthroplasty: a word of caution. J Arthroplasty
2009;24(6 Suppl):132–7.

18] Mudumbai SC, Kim TE, Howard SK, Workman JJ, Giori N, Woolson S, et al.
Continuous adductor canal blocks are superior to continuous femoral nerve
blocks in promoting early ambulation after TKA. Clin Orthop Relat Res
2014;472:1377–83.

19] Wiesmann T, Piechowiak K, Duderstadt S, Haupt D, Schmitt J, Eschbach D,
et  al. Continuous adductor canal block versus continuous femoral nerve block
after total knee arthroplasty for mobilisation capability and pain treatment:
a  randomised and blinded clinic trial. Arch Orthop Trauma Surg 2016;136:
397–406.

20] Antoni M,  Jenny JY, Noll E. Postoperative pain control by intra-articular
local anesthesia versus femoral nerve block following total knee arthro-
plasty: impact on discharge. Orthop Traumatol Surg Res 2014;100:

313–6.

21] Ng FY, Ng JK, Chiu KY, Yan CH, Chan CW.  Multimodal periarticular injec-
tion vs continuous femoral nerve block after total knee arthroplasty: a
prospective, crossover, randomized clinical trial. J Arthroplasty 2012;27:
1234–8.

http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30088-X/sbref0210

	Negative Influence of femoral nerve block on quadriceps strength recovery following total knee replacement: A prospective ...
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Study design
	2.3 Insertion of FNB
	2.4 Surgical procedure
	2.5 Outcome measures
	2.6 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Disclosure of interest
	Source of funding
	Contributions of the authors
	Acknowledgments
	Appendix A Supplementary data
	References


