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Fast-track rehabilitation after total knee arthroplasty reduces length of 
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ABSTRACT

Objectives: The aim of this study was to compare the impact of fast-track rehabilitation (FTR) and conventional rehabilitation (CR) on early 
recovery pattern after fast-track surgery for knee arthroplasty and conventional total knee arthroplasty (TKA).
Patients and methods: This prospective, case-control study included a total of 43 adult patients (10 males, 33 females; mean age 69 years; 
range, 50 to 82 years) who were clinically stable and admitted for rehabilitation after fast-track surgery for knee arthroplasty or conventional 
TKA January 2016 and August 2016. The patients were divided into two groups as the FTR and CR treatment groups. The FTR program was 
designed as a patient-focused care, early mobilization, and standardized postoperative milestones. The CR program was designed by standard 
postoperative rehabilitation care. Primary outcomes were the length of stay (LOS) in the hospital and knee function. Secondary outcomes 
were pain and activities of daily living.
Results: At baseline, both groups were similar in terms of demographic data and primary outcomes. At discharge, intra-group analysis 
showed significant differences in both groups in all functional outcomes, except for pain, while the inter-group LOS was also significantly 
different (p<0.001).
Conclusion: Our study results indicate that LOS can be reduced by FTR, yielding the same results in functional recovery and autonomy 
as CR.
Keywords: Fast-track rehabilitation, knee, knee arthroplasty, length of stay, rehabilitation.

Conventional total knee arthroplasty (TKA) is the 
standard surgical treatment for management of knee 
joint degeneration including arthrosis, a common 
disease in elderly.[1] The incidence of conventional 
TKA increases every year with 100 to 200 surgeries for 
every 100,000 individuals.[2] In Italy in 2013, 160,000 
patients underwent this surgery.[3] The postoperative 
length of stay (LOS) depends on several factors: clinical 
conditions of the patients; traditions, cultural and 
personal factors;[4] and the logistical problems of the 
structures.[5,6] The mean LOS after conventional TKA 
is approximately 6 to 12 days; e.g. in Europe.[3,7]

In the last decade, the concept of clinical pathways 
in health conditions has changed and the use of 
streamlined procedures and protocols has improved the 
quality of medical treatment, minimizing unnecessary 
variation in care and reducing cost including that of 
conventional TKA surgery.[7] For conventional TKA 
surgery, it is necessary to develop fast-track approaches 
to reduce LOS and to improve the clinical condition at 
discharge, without negatively affecting clinical results 
or causing adverse events. Fast-track TKA protocols 
have been developed to decrease LOS within about 
two to three days. The LOS reduction can be achieved 
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through the reorganization of the Orthopedic surgery 
units, or with patients who have specific characteristics 
such as age, co-morbidities, and clinical stability.[4-6] In 
a study conducted in Denmark, the fast-track TKA 
programs used after conventional TKA decreased LOS 
by 60%.[8] After fast-track TKA, recovery patients are 
usually transferred to rehabilitation units to undergo 
fast-track rehabilitation (FTR),[9] obtaining a faster 
recovery of joint function.[10] This period usually 
takes between two and three weeks,[11] with various 
rehabilitation programs depending on the patient 
condition and daily treatment time. The growing 
number of patients treated with fast-track TKA has 
prompted the planning of FTR programs with precise 
tasks and defined times.[4] The goal of this rehabilitation 
program is to discharge the patient eight days after 
admission to the rehabilitation unit and without any 
clinical complications,[12] instead of the usual two 
or three weeks normally employed. Evaluation of 
function and quality of life for patients treated with 
FTR and with a conventional rehabilitation (CR)[13] 
is useful to determine how FTR may influence the 
outcome of the patient.[14] Previous studies focused 
on the postoperative rehabilitation; e.g., the first and 
second day after surgery, but the rehabilitation after 
this period is for our knowledge never been studied 
in deep.

In the present study, we aimed to investigate FTR 
and its ability to enhance joint knee function recovery 
and reduce LOS compared to CR.

PATIENTS AND METHODS

This prospective, case-control study was conducted 
in a single orthopedic surgical ward center in a post-
acute rehabilitation hospital of Northern Italy between 
January 2016 and August 2016. All patients were 
recruited on the second day after surgery. Inclusion 
criteria were as follows: aged >18 years; both sexes; 
and being admitted for elective rehabilitation after 
conventional TKA or fast-track TKA with a clinical 
stability (hemoglobin >9 g/L). Exclusion criteria were 
as follows: presence of rheumatoid arthritis; previous 
orthopedic surgery of the lower limb; malignancies; 
neurological and psychiatric diseases with an inability 
to understand; clinical evaluation of dementia 
(Mini-Mental Test score <24); and participation in 
other clinical studies. Based on previous studies, 
an additional exclusion criterion was the presence 
of pain measured with a Numerical Rating Scale 
(NRS) score of >4, as it has been demonstrated that 
pain has a limited role in functional recovery in 

the early postoperative period and the intensity is 
usually very low (NRS score <4) at discharge from 
orthopedic surgical center after both surgeries.[15,16] 
Saturation was measured trough an optical pulse 
oximeter (Prontex Pulse O2, Bovisio masciago, 
Italy) at subjects’ finger. A total of 50 patients were 
admitted to the post-acute rehabilitation hospital 
after discharge and seven patients were excluded due 
to other medical conditions. Finally, while a total 
of 43 adult patients (10 males, 33 females; mean age 
69 years; range, 50 to 82) were included. The patients 
were divided into two groups based on the type of 
surgery (fast-track TKA or conventional TKA). The 
fast-track group (FTG) consisted of 20 patients who 
participated in the FTR program and the conventional 
group (CG) consisted of 23 patients who underwent 
the CR program (Figure 1). Demographic and clinical 
data of each patient were collected at the time of 
admission (T0). A written informed consent was 
obtained from each patient. The study protocol was 
approved by the Fondazione Don Gnocchi Ethics 
Committee (No. 4-16/12/2015) and registered on 
Clinicaltrial.gov (NCT03035435). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Surgery

Fast-track TKA was performed through a sub-vastus 
approach, and a patella-in-place balancer was used. 
All patients received intraoperative local infiltration 
analgesia and received a patella component.

Conventional TKA was performed through 
a midline approach and all patients received 
a patella component. The patients also received 
patient-controlled analgesia with intravenous 
morphine, wound drains, and bladder catheters.

Outcomes

Primary outcomes were LOS and knee joint 
mobility evaluated with the International Knee 
Society System (IKSS) scores. Secondary outcomes 
were pain intensity and activities of daily living 
(ADL), respectively measured with the NRS and 
Modified Barthel Index (MBI).[17] All patients were 
evaluated with reliable and validated scales specific 
for joint knee function, pain intensity, and ADL. 
The LOS was evaluated by counting the number of 
postoperative nights in the rehabilitation center until 
discharge.

The IKSS is a validated scale to measure clinical 
outcomes of rehabilitation and focuses on range of 
motion, pain, stability of the knee, walking, and ascent 
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and descent of the stairs.[18,19] The NRS is a validated 
scale to measure the intensity of pain, with numbers 
between zero and 10, with zero representing absence 
of pain and 10 the worst possible pain experienced 
by the patient.[20] The MBI is a validated scale to 
evaluate independence in the ADL and disability of 
the patient, and to demonstrate improvements during 
the recovery.[21]

For both groups, discharge occurred after a physician 
decision based on clinical expertise, independence in 
ADL, transfers, walking ability (>250 m), no pain, and 
good knee function.[4]

Interventions

The reporting of interventions is based on the 
Template for Intervention Description and Replication 
(TIDieR) checklist,[22] which includes 12 items ranging 
from intervention name to adherence and fidelity, as 
reported below.

Fast track rehabilitation protocol

The FTR protocol was characterized by patient-
focused care and early mobilization with standardized 
postoperative milestones. The patients received a 
specific program including getting up on the day of 
the surgery, climbing stairs two days after surgery, and 

standard intensive physiotherapy with a focus on ADL 
in a living room and individual case management. The 
main clinical aims were to increase the recovery of the 
knee with passive and active mobilization of the joint 
knee through a Kinetec® (Chinesport, Italy) tool, twice 
a day, recovery and improvement of strength of the 
physiological extension of lower limb muscular groups 
(i.e., quadriceps and knee f lexors) through physical 
exercise, and the proprioception of the affected 
limb. Autonomy was improved through teaching the 
postural transitions and the gait with crutches from 
the first day post-surgery, learning how to climb and 
descend the stairs in the second day post-surgery, and 
recovering autonomy during ADL.

The program was provided by full time 
physiotherapists with a specific expertise per protocol 
for a total of eight sessions. Each session was 60 min in 
duration and sessions occurred every day for during 
the hospital stay. Sessions were performed individually 
in the rehabilitation hospital and all patients remained 
adhered to treatment.

Conventional rehabilitation protocol

The CR program was characterized by standard 
postoperative care per protocol on an individual 
care basis, according to patient’s subjective demands. 

Assessed for eligibility (n=50)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Excluded (n=7)
•	 Not meeting inclusion criteria (n=4)
•	 Declined to participate (n=3)

Allocated to FTG (n=20)
•	 Received allocated intervention (n=20)
•	 Did not receive allocated intervention (n=0)

Analysis (n=23)
•	 Excluded from analysis (n=0)

Analysis (n=20)
•	 Excluded from analysis (n=0)

Allocated to CG (n=23)
•	 Received allocated intervention (n=23)
•	 Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Allocated (n=43)

Enrollment

Follow-up

Analysis

Figure 1. Study flowchart.
FTG: Fast-track group; CG: Conventional group.
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It included an intravenous f luid program for the first 
24 h after surgery. First mobilization on the second 
day after surgery, and daily physiotherapy in single 
exercises: walking exercises, passive f lexion-extension 
of the knee up to 90°, strengthening of the lower 
limb muscles, and respiratory training. The types 
of exercise used were similar for both interventions, 
with differences mainly at the beginning of treatment 
during admission and exercises during physiotherapy 
sessions. The program was provided by full time 
physiotherapists for a total of 15 sessions. Each session 
was 60 min in duration and sessions occurred every 
day for the entire hospital stay period. Sessions were 
performed individually in the orthopedics department 
of the hospital and all patients remained adhered to 
treatment. Both programs were changed or stopped in 
case of adverse effects.

Statistical analysis

The power analysis and sample size calculation were 
performed using the G*Power version 3.1.3.2 software 
(Heinrich-Heine-Universität Düsseldorf, Düsseldorf, 
Germany). The sample size was calculated based 
on the literature, considering the primary outcome. 
A total of 40% faster improvement of LOS during 
the time of recovery was considered as significantly 
relevant (effect size according to Cohen was "large" 
(d=0.8).[4] With an alpha set to 0.05 and a power of 
80%, we calculated that 45 patients were required for 
the study. Considering 10% drop-out rate, a total of 
50 patients were recruited based on a 1:1 distribution 
for the study.

Statistical analysis was performed using the PASW 
version 17.0 software (SPSS Inc., Chicago, IL, USA). 
The study was reported following the indications 
of the STROBE statement. Descriptive data were 
expressed in mean ± standard deviation (SD), median 
(min-max) or number and frequency. Preliminary 
analyses demonstrated significant violations 
of parametric test assumptions (e.g. normality 
distribution when tested with the Shapiro-Wilk 
test). Considering that violations of parametric test 
assumptions might lead to relevant distortions in 
the results, we decided to use non-parametric tests 
with exact p-value calculation in our analyses. The 
non-parametric Mann-Whitney U test was used to 
investigate potential between-group differences in 
continuous variables of demographic characteristics 
and outcome scores, while the Fisher’s exact test was 
employed for gender distribution. The Wilcoxon test 
was used to investigate within-group differences in 
all outcome scores during the recovery. Since the 
participants completed the study without any major 
protocol violations, per protocol analysis was used. 
Due to the difference in sample size between groups, 
we considered a confidence interval (95%) to evaluate 
the power of the observed treatment effect on LOS 
from the data collected in relation to the minimum 
clinically relevant difference.[23] A p value of <0.05 
was considered statistically significant.

RESULTS

Baseline demographic and clinical characteristics 
of the patients are shown in Table 1. At baseline (T0), 

TABLE 1
Demographic and clinical characteristics of patients

Fast-track Group (n=20) Control Group (n=23)

Characteristics n % Median 25th-75th 
percentile

n % Median 25th-75th 
percentile

p

Age (year) 69 60-77 69 65-73 0.791*

Sex
Female

14 70.0 19 83.3 0.472**

Height (cm) 164 160-168 162 160-168 0.984*

Weight (kg) 78.0 69.0-80.0 80.0 75.0-83.5 0.154*

Body mass index (kg/m2) 27.7 25.4-29.4 29.4 26.2-32.5 0.079*

Saturation (%SpO2) 97.0 96.0-97.3 97.0 96.0 -98.0 0.827*

Hemoglobine (g/dL) 11.5 10.6-12.4 10.2 9.8-10.8 <0.001*

Modified Barthel Index (0-100) 76.0 70.0-76.5 71.0 63.0-76.0 0.059*

NRS (0-10) 0.0 0.0-1.0 0.0 0.0-0.0 0.880*

IKSS Score (0-200) 73.0 65.0-82.5 68.0 57.5-73.0 0.256*
NRS: Numerical Rating Scale; IKSS: International Knee Society System; * Mann-Whitney test; statistical significance at p<0.05; ** Fisher’s exact test.
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patients showed homogeneous clinical conditions 
(p>0.05). At discharge (T1), both groups showed a 
significant improvement in all functional outcomes, 
MBI and IKSS (p<0.001). Only the FTG group showed 
a significant decrease of pain symptom in NRS score 
(p<0.05) (Table 2). Between-group analysis showed a 
significant difference in LOS (p<0.001) (Figure 2). The 
mean LOS was 10.6±3.2 days in the FTG and 17.3±3.8 
days in the CG (Table 3).

DISCUSSION

This study is a novel approach in its attempts to 
evaluate the effects of FTR on the recovery pattern of 
patients who were admitted to a rehabilitation hospital 
for fast-track TKA. Our hypothesis was that FTR 
would result in reduction in LOS compared to CR. The 
main finding was that FTR reduced LOS by a mean 
of 6.71 days, achieving a significant improvement 
in the joint knee functional recovery and autonomy. 
Patients with fast-track TKA were admitted to the 
rehabilitation center with a better knee joint mobility 

than patients with conventional TKA (mean IKSS 
score: 73.3±13.3 vs. 68.5±13.7, respectively), although 
this difference was not statistically significant. These 
findings are supported by the literature, in which 
FKTA patients have a functional recovery in the early 
postoperative period (two or three days).[16]

The current study results fill a gap in fast-track 
TKA patient management after orthopedic surgical 
ward discharge. During the last decade, the interest in 
optimal multimodal perioperative care has increased 
to enhance recovery (the fast-track methodology). 
Improvement of preoperative treatments analgesia, 
reduction of surgical stress responses and organ 
dysfunctions including nausea, vomiting, and 
ileus, early mobilization, and oral nutrition were 
applied to fast-track TKA. This has led to reduced 
pain and facilitated early mobilization, allowing 
functional rehabilitation to be initiated a few hours 
postoperatively.[5,24] Patients were, thus, able to reach 
the rehabilitation hospital with better knee functional 
recovery and start FTR on the day of admission.[25] 
In addition, a previous study showed a significant 
reduction of LOS with improvement of functional 
recovery of knee during postoperative fast-track 
TKA,[9] but focusing only on the postoperative 
rehabilitation (within two days of surgery). This data 

TABLE 2
Within-group differences in FTR and CR groups

Fast-track Group (n=20) Control Group (n=23)

T0 T1 T0 T1

Median 25th-75th 
percentile

Median 25th-75th 
percentile

p§ Median 25th-75th 
percentile

Median 25th-75th 
percentile

p§

Modified Barthel 
Index (0-100)

76.0 70.0-76.5 100.0 90.0-100.0 <0.001* 71.0 63.0-76.0 100.0 95.0-100.0 <0.001*

NRS (0-10) 0.0 0.0 -1.0 0.0 0.0-0.0 0.045* 0.0 0.0-0.0 0.0 0.0-0.0 0.078**

IKSS Score (0-200) 73.0 65.0-82.5 114.5 113.0-125.0 <0.001* 68.0 57.5-73.0 113.0 113.0-124.0 <0.001*
FTR: Fast-track rehabilitation; CR: Conventional rehabilitation; NRS: Numerical Rating Scale; IKSS: International Knee Society System; § Within-group analysis; * Wilcoxon 
Test; statistical significance at p<0.05.

TABLE 3
Length of stay at discharge (day)

n Mean±SD 95% CI

Fast-track 20 10.6±3.2 9.06 to 12.04

Control 23 17.3±3.8 15.60 to 18.92

Mean difference -6.7±1.1 -8.87 to -4.55

P value§ <0.001*
SD: Standard deviation; CI: Confidence interval; § Between-group differences; 
* Mann-Whitney test; Alpha level is set at 0.05.

Figure 2. Length of stay.
FTR: Fast-track Rehabilitation; CR: Conventional rehabilitation; 
SD: Standard deviation.
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supports our results and increase their importance: 
early rehabilitation has a sustainable effect on the 
functional recovery of knee and a reduction of LOS[12] 
and can decrease the LOS also in the rehabilitation 
ward, not only in the orthopedic ward, consistent 
with our study. Husted et al.[26] reported that patients 
could be discharged within three days of surgery, 
although this time might be reduced to one or two 
days by the improvement of perioperative analgesia, 
reduction of the risk of orthostatic hypotension, 
improvement of quadriceps muscle function, and 
avoidance of logistical problems hindering early 
discharge. This may also improve functional recovery 
and accelerate patient inclusion into FTR programs, 
reducing LOS.

The main limitations of the present study included 
its logistic issues during the recruitment and data 
collection which prohibited recruitment of an adequate 
sample size. Despite these issues, our data is valuable 
as it shows that fast-track TKA allows to the patients 
to be admitted to the rehabilitation hospital with better 
knee joint mobility and to start FTR on their first day, 
obtaining a significant improvement of knee functional 
recovery and autonomy within six days of admission.

In conclusion, patients undergoing fast-track TKA 
have a shorter LOS in the orthopedic surgical center 
and in a post-acute rehabilitation hospital and FTR 
can reduce the time of knee functional recovery in this 
population. Nonetheless, further studies evaluating 
the quality of life and patient satisfaction according to 
the type of surgical protocol are needed.
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