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Total knee arthroplasty (TKA) is one of the most suc-
cessful orthopedic procedures for improving quality of 
life.[1] Long-term results have indicated that TKA can 
provide a pain-free and comfortable life with increased 
functional capacity for up to 2–3 decades following sur-
gery.[2] Reduction in perioperative complications, accel-

erated recovery, and shorter hospital stays are now being 
evaluated as new goals in the current treatment and re-
habilitation of TKA patients.[3] 

A rapid recovery algorithm was developed and ap-
plied to TKA cases in the USA in the 1990s to provide 
standardization of procedures. This rapid recovery algo-

Objective: Our aim was to compare the clinical results and cost-effectiveness of a rapid recovery pro-
tocol for total knee arthroplasty (TKA) with a current standard protocol.
Methods: The study included patients undergoing primary elective TKA with at least 6 months of 
follow-up. The rapid recovery protocol was applied to 96 patients (Group 1) and the standard protocol 
to 108 (Group 2). All patients underwent standard TKA. All pre-, peri-, and postoperative procedures 
in the treatment and follow-up of patients were appropriately standardized to the philosophies of the 
different treatment plans. The postoperative length of hospital stay, total financial cost, postoperative 
surgical infection, 6-month American Knee Society scores, and knee range of motion (ROM) were 
compared between the groups.
Results: A total of 169 patients were included. Group 1 patients had significantly shorter postoperative 
length of hospital stay (p=0.021), significantly lower mean total financial cost (p=0.041), significantly 
lower infection rates (p=0.034), and significantly higher 6-month knee function scores (p=0.032). In 
comparison with Group 2, Group 1 knee flexion (p=0.04) and extension (p=0.48) ROM at 6 months 
postoperatively were both significantly improved.
Conclusion: Application of the rapid recovery protocol to patients who underwent TKA reduced 
costs and infection rates and improved functional results.
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rithm is defined as an interdisciplinary treatment pro-
tocol which aims to shorten recovery time and provide 
better clinical outcomes.[4]

The purpose of this study was to compare the clinical 
results and cost-effectiveness of a rapid recovery proto-
col for TKA with a current standard protocol.

Patients and methods
In 2012, the rapid recovery protocol was started as the 
standard program for patients undergoing TKA in our 
clinic. Therefore, patients evaluated for this study were 
treated and followed up between 2011 and 2013. 

The study included all patients undergoing primary 
elective TKA with at least 6 months of follow-up. The 
rapid recovery protocol was applied to 96 patients start-
ing in 2012 (Group 1), and the standard protocol was 
applied to 108 patients prior to 2012 (Group 2) (Table 
1).

Our routine clinical study content includes preopera-
tive examination and follow-up examinations at 1, 3, 6, 
and 12 months postoperatively. We also have pre- and 
postoperative 6-month American Knee Society scoring 
(AKSS) system[5] and knee goniometric range of motion 
(ROM) measurements. All measurements were made by 

the same physiotherapist, and data were recorded in the 
patient registry.

Postoperative length of hospital stay, total financial 
cost, postoperative surgical infection rates, 6th month 
AKSS function scores, and 6th month knee flexion–ex-
tension ROM data were collected from registry files of 
the patients and compared between the two groups.

Both procedures were standardized as appropriate to 
the philosophy of the different treatment plans (Table 
2).

Prior to surgery for all Group 1 patients, operating 
room regulations and two videos of pre- and postopera-
tive physiotherapy lessons in the Arthroplasty School.[4]

Visual presentations and information were given on 
complications that may be encountered in the postoper-
ative period, including pain and problematic movements 
and activities. Additionally, information was given on 
regulation of pre- and postoperative nutrition and their 
positive effects on wound healing, as well as the intra- 
and postoperative damage that may occur from smoking 
cigarettes (and other similar substances) and recommen-
dations for stopping smoking. The patients were given 
a list of necessary items that should be at the bedside 
in the preoperative hospitalization period, official pro-

Table 1. Comparison of demographic data between the two patient groups.

   Group 1 Group 2 p

Age (median) 64 (56–79) 68 (55–77) 0.49

Gender (Male, %) 45.2 47.1 0.21

Side (Left, %) 39.1 42.3 0.44

Body mass index (kg/m2) 31.6±6.2 31.2±7.1 0.67

Preoperative need for walking aid (%) 16.6 18.8 0.91

ASA classification (%)

 I 29.2 30.5 0.34

 II 45.8 44.4 0.46

 III 25 25.1 0.29

 IV – – –

ASA: American Society of Anesthesiologists.

Table 2. Summary of the different applications in the treatment plans of the groups.

Group 1 Group 2

Arthroplasty school General information

Hospitalization on the day of surgery Hospitalization 1 day before surgery

Prophylaxis of bleeding control (Tranexamic acid) (+) No prophylactic bleeding control

COX-2 inhibitions and epidural analgesia for postoperative pain control COX-2 inhibitions andopioids for postoperative pain control

Drain (−) Drain (+)

Rehabilitation and mobilization starts at 6 hours postoperatively Rehabilitation and mobilization starts at 1 day postoperatively

Accelerated postoperative rehabilitation Standard postoperative rehabilitation
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cedures for hospital admission and discharge, and the 
implant and surgical procedure to be applied to each pa-
tient undergoing TKA. They were specifically informed 
about the protocol and signed informed consent. Group 
2 patients were not admitted to the Arthroplasty School. 
However, they were given appropriate and sufficient in-
formation on the basics of the treatment and they signed 
informed consent too.

Group 1 patients were admitted as inpatients on the 
morning of the operation, while Group 2 patients were 
admitted the night before. 

Group 1 patients received 10-mg/kg tranexamic acid 
intravenously at 1 hour preoperatively.[6] No preopera-
tive bleeding control modality was applied to Group 2 
patients.

At 1 hour before transfer to the operating room, a 
single dose of 1-g cefazolin was administered intrave-
nously as prophylactic antibiotic therapy to patients in 
both groups.

All patients were operated on by the same surgical 
team. After transfer to the operating table, combined 
spinal and epidural anesthesia was administered. Fol-
lowing standard cuts after a medial parapatellar incision, 
a Vanguard (Biomet Orthopedics Inc., Warsaw, IN, 
USA) knee prosthesis was used. Patelloplasty and pa-
tellar denervation was applied to all patients; no patient 
required a patellar implant.

Before suturing the surgical incision in Group 1 pa-
tients, 10-mg/kg tranexamic acid was administered in-
travenously, but not in Group 2 patients. A drain was 
used in Group 2 patients but not in Group 1 patients. 
Duration of surgery was not measured. We were able to 
use tranexamic acid in all Group 1 patients without any 
complications.

Group 1 patients were treated with COX-2 in-
hibitors in addition to epidural analgesia. For Group 2 
patients, COX-2 inhibitors and opioid analgesia were 
used. At 4 hours postoperatively, 10-mg/kg tranexam-
ic acid was administered intravenously to Group 1 
patients. At 6 hours postoperatively, bandages were 
opened and strenuous knee ROM exercises as well 
as active and passive knee exercises in bed were initi-
ated by a physiotherapist.[7,8] Group 1 patients without 
weight-bearing restrictions were mobilized in weight-
bearing at 6 hours postoperatively. Our goal was to 
start physical therapy and mobilization for all patients 
after 6 hours. Most patients are able to tolerate early 
mobility, but occasionally treatment must be modi-
fied if mobilization is a problem. These modifications 
include attempts to repeat the same procedure every 2 

hours after until they are successful.
All patients received a second and final intravenous 

dose of 1-g cefazolin at 12 hours as postoperative in-
fection prophylaxis. Drains in Group 2 patients were 
removed after 24 hours. Group 2 patients then started 
mobilization and strenuous knee ROM exercises and 
active and passive knee exercises in the bed. Group 1 
patients were expected to reach 120° knee flexion and 
self-mobilization without support on postoperative Day 
1. Discharge criteria for acceptable discharge for both 
groups are defined in Table 3. 

Data were analyzed with SPSS software version 15.0 
for Windows. Categorical variables were presented as 
frequency and percentage. The χ2 test and Fisher’s ex-
act test were used to compare categorical variables. The 
Kolmogorov–Smirnov test was used to assess the distri-
bution of continuous variables. The Student’s t-test was 
used for variables with normal distribution, and the val-
ues were presented as mean±SD. Continuous variables 
without normal distribution were analyzed using the 
Mann–Whitney U test, and values obtained were pre-
sented as median (50th percentile) values and interquar-
tile ranges (25th–75th). A two-tailed p-value of <0.05 
was considered statistically significant.

Results
Data from 12 patients in Group 1 and 23 from Group 
2 were missing; therefore, data of 169 patients in all 
were analyzed. Average postoperative length of hospital 
stay was 3.7±1.3 days for Group 1 and 6.3±2.5 days in 
Group 2 (p=0.021) (Table 4). 

The mean total financial cost of care related to TKA 
was 4849±297 Turkish liras (TL) in Group 1 and 
5970±342 TL in Group 2 (p=0.041) (Table 4).

Due to postoperative infection in the surgical area in 
1 patient in Group 1, irrigation and debridement was ap-
plied, the polyethylene insert was changed, and the treat-
ment was successfully concluded. In Group 2, infection 
at the surgical site developed in 5 patients. Two patients 
were successfully treated with irrigation, debridement, 
and change of the polyethylene insert. One patient re-

Table 3. Discharge criteria for patients.

Adequate pain control

Able to fully participate in the rehabilitation program

Adequately equipped home to continue the treatment process

Safe mobilization with or without support

Able to meet their own personal needs

No wound site problems
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quired implant removal, and 2 patients were treated with 
antibiotics for superficial infections. Including cases with 
superficial infections that responded to antibiotic thera-
py, a statistically significant difference was determined in 
infection rates between the groups (p=0.034) (Table 4).

At 6 months postoperatively, the mean AKSS func-
tion score was 87.5±5.6 for Group 1 and 81.3±3.4 for 
Group 2 (p=0.032). Mean knee flexion and mean knee 
extension was 120.7°±5.3° was −2.2°±1.9°, respec-
tively, for Group 1 and 114.2°±4.6° and −2.8°±1.8°, re-
spectively, for Group 2; the differences were significant 
(p=0.04 and p=0.48, respectively) (Table 4). There was 
no significant differences between preoperative knee 
flexion ROM (p=0.56), knee extension ROM (p=0.87), 
and preoperative AKSS scores (p=0.67) between the 
two groups.

Discussion
The principal finding of this study is that the application 
of rapid recovery protocol in patients undergoing TKA 
had reduced costs and infection rates, increased patient 
satisfaction, and improved functional results. To the best 
of our knowledge; this is the first study in Turkey to in-
clude these results.

It is important to provide high-quality healthcare 
services with efficient and productive use of limited re-
sources based on scientific evidence.[9] Larsen et al. re-
ported that the rapid recovery protocol not only helped 
to significantly reduce costs but also helped to achieve 
successful clinical results in TKA cases.[10] Our results 
are in agreement and demonstrated significantly lower 
costs associated with the rapid recovery protocol. In 
addition, increased patient satisfaction and reduced in 
infection rates may result in a reduction in various fu-
ture treatment expenses or potential revision surgeries, 
which can be unseen but nonetheless important. Berend 
et al concluded that rapid recovery program has led to 

significantly decreased hospital length of stays and sig-
nificantly lower hospital readmission rates in patients 
who underwent total hip and knee arthroplasties.[11] As 
seen in the current study, a significantly shorter length of 
hospital stay was achieved when compared to the stan-
dard protocol. At this point, the relation between the 
length of hospital stay and infection rates should be re-
viewed. There can be potential focus points of contagion 
in the hospital environment between visitors, patients, 
and caregivers. Therefore, in the postoperative period, 
the patient should be kept in isolation. If this is not pos-
sible, the patient should be discharged in the shortest 
possible time. 

Functional result is one of the most important indi-
cators in the evaluation of the surgery performed and the 
perioperative protocol. Larsen et al reported better qual-
ity of life scores from rapid recovery protocol patients.
[12] Furthermore, Husted et al. reported better functional 
results from rapid recovery patients.[13] In the current 
study, improved AKSS function scores and knee ROM 
was demonstrated in patients who received the rapid 
recovery protocol. Moreover, patient education received 
in the Arthroplasty School resulted in better prepared-
ness for immediate postoperative life and better idea of 
expected recovery and duration of recovery. The impor-
tance of patient education was similarly emphasized in a 
study by McDonald et al.[14] When our results are taken 
with existing literature, we can conclude that effective 
analgesia together with an appropriately applied reha-
bilitation program result in effective, rapid, and more 
patient-focused treatment.[15] 

There were two major limitations of our study: lim-
ited number of patients and retrospective study design. 
A prospective, randomized study design and evaluation 
with clinical results with a longer follow-up period are 
warranted. 

Our study results indicate that a rapid recovery pro-

Table 4. Comparison of the group results.

   Group 1 Group 2 p

Duration of hospitalization (days)1 3.7±1.3 6.3±2.5 0.021

Total cost (TL)1 4849±297 5970±342 0.041

Postoperative infection2 1 4 0.034

AKSS function score1,3 52.4±6.8 50.1±7.6 0.67

AKSS function score1,4 87.5±5.6 81.3±3.4 0.032

Knee flexion1,3 105.6°±8.4° 103.4°±6.3° 0.56

Knee flexion1,4 120.7°±5.3° 114.2°±4.6° 0.04

Knee extension1,3 −5.1°±3.1° −4.9°±2.7° 0.87

Knee extension1,4 −2.2°±1.9° −2.8°±1.8° 0.048

1Values are presented as mean; 2Number of patients; 3Preoperative values; 46-month postoperative values.



tocol is beneficial for both patients undergoing TKA 
and healthcare providers. We recommend adopting a 
rapid recovery protocol for TKA patients as the routine 
program.

Conflics of Interest: No conflicts declared.

References
1. Kim YH, Kim JS, Choe JW, Kim HJ. Long-term compari-

son of fixed-bearing and mobile-bearing total knee replace-
ments in patients younger than fifty-one years of age with 
osteoarthritis. J Bone Joint Surg Am 2012;94:866–73. 

2. Bae DK, Song SJ, Park MJ, Eoh JH, Song JH, Park CH. 
Twenty-year survival analysis in total knee arthroplasty by 
a single surgeon. J Arthroplasty 2012;27:1297–304.e1. 

3. Lovald ST, Ong KL, Lau EC, Schmier JK, Bozic KJ, 
Kurtz SM. Mortality, cost, and health outcomes of total 
knee arthroplasty in Medicare patients. J Arthroplasty 
2013;28:449–54. 

4. Larsen K, Hansen TB, Thomsen PB, Christiansen T, 
Søballe K. Cost-effectiveness of accelerated perioperative 
care and rehabilitation after total hip and knee arthroplas-
ty. J Bone Joint Surg Am 2009;91:761–72. 

5. Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the 
Knee Society clinical rating system. Clin Orthop Relat Res 
1989;248:13–4.

6. Irisson E, Hémon Y, Pauly V, Parratte S, Argenson JN, 
Kerbaul F. Tranexamic acid reduces blood loss and finan-
cial cost in primary total hip and knee replacement surgery. 
Orthop Traumatol Surg Res 2012;98:477–83. 

7. den Hartog YM, Mathijssen NM, Vehmeijer SB. Reduced 
length of hospital stay after the introduction of a rapid 
recovery protocol for primary THA procedures. Acta Or-

thop 2013;84:444–7. 
8. Larsen K, Sørensen OG, Hansen TB, Thomsen PB, 

Søballe K. Accelerated perioperative care and rehabilita-
tion intervention for hip and knee replacement is effective: 
a randomized clinical trial involving 87 patients with 3 
months of follow-up. Acta Orthop 2008;79:149–59. 

9. Healy WL, Iorio R, Ko J, Appleby D, Lemos DW. Impact 
of cost reduction programs on short-term patient outcome 
and hospital cost of total knee arthroplasty. J Bone Joint 
Surg Am 2002;84-A:348–53.

10. Larsen K, Hansen TB, Søballe K. Hip arthroplasty pa-
tients benefit from accelerated perioperative care and reha-
bilitation: a quasi-experimental study of 98 patients. Acta 
Orthop 2008;79:624–30. 

11. Berend KR, Lombardi AV Jr, Mallory TH. Rapid recovery 
protocol for peri-operative care of total hip and total knee 
arthroplasty patients. Surg Technol Int 2004;13:239–47.

12. Larsen K, Hvass KE, Hansen TB, Thomsen PB, Søballe 
K. Effectiveness of accelerated perioperative care and re-
habilitation intervention compared to current intervention 
after hip and knee arthroplasty. A before-after trial of 247 
patients with a 3-month follow-up. BMC Musculoskelet 
Disord 2008;9:59. 

13. Husted H, Troelsen A, Otte KS, Kristensen BB, Holm 
G, Kehlet H. Fast-track surgery for bilateral total knee re-
placement. J Bone Joint Surg Br 2011;93:351–6. 

14. McDonald S, Hetrick S, Green S. Pre-operative education 
for hip or knee replacement. Cochrane Database Syst Rev 
2004;1:CD003526.

15. Reilly KA, Beard DJ, Barker KL, Dodd CA, Price AJ, 
Murray DW. Efficacy of an accelerated recovery protocol 
for Oxford unicompartmental knee arthroplasty--a ran-
domised controlled trial. Knee 2005;12:351–7.

Acta Orthop Traumatol Turc386


