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      Short and Mid Term Outcome 
of Total Knee Arthroplasty. 
The Effect of Rehabilitation 

           Kyriakos     Avramidis      and     Theofi los     Karachalios     

           Introduction 

 Total knee arthroplasty (TKA) is the most com-
mon procedure performed for end stage osteoar-
thritis (OA) in older individuals. Current data 
from 21 European countries reveal that the annual 
incidence of TKA is 109 procedures per 100,000 
persons, which is more than twice that reported in 
1998 [ 1 ]. TKA reliably reduces pain and improves 
function in patients with knee OA and 90 % of 
patients report reduced pain, improved functional 
ability and greater health related quality of life 
after surgery [ 2 ]. Moreover, 85 % of patients who 
undergo TKA report being satisfi ed with the out-
come [ 2 ]. Despite the well documented success of 
this procedure, patients continue to demonstrate 
physical impairment and functional limitations 
following TKA compared with individuals with-
out knee disease [ 3 ]. One month after TKA quad-
riceps strength drops to 60 % of preoperative 

levels, even when  traditional postoperative 
 rehabilitation is initiated within 48 h after surgery 
[ 4 ,  5 ]. This quadriceps weakness persists years 
after surgery, based on comparisons with age-
matched controls [ 6 ]. Similarly, functional perfor-
mance is reported to worsen by 20–25 % 1 month 
after TKA [ 7 ] and reduced function persists with 
reports of 18 % slower walking speed and 51 % 
slower stair- climbing speed compared to age-
matched controls at 12 months after TKA [ 3 ]. 
Despite these documented impairments and activ-
ity limitations, there is little evidence to support 
the introduction of structured rehabilitation to this 
population. In 2003, the National Institute of 
Health (NIH) concluded that “the use of rehabili-
tation services is perhaps the most understudied 
aspect of the perioperative management of TKA 
patients” and “there is no evidence supporting the 
generalized use of any specifi c preoperative or 
postoperative rehabilitation intervention” [ 2 ]. 
Currently, there is no universally accepted reha-
bilitation protocol for patients after TKA and 
rehabilitation paradigms are often institution or 
surgeon specifi c [ 8 ,  9 ]. 

 In 2007, the most recent meta-analysis on the 
effectiveness of physical therapy following TKA 
concluded that physical therapy has no long-term 
benefi ts [ 10 ]. However, these conclusions were 
based on only fi ve studies that met the inclusion 
criteria for the meta-analysis. Potential reasons 
for the lack of demonstrated effi cacy of these 
 trials are the following: (a) none of the included 
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trials examined the use of a high intensity, long 
duration rehabilitation program initiated after 
discharge from hospital, (b) trials in which the 
intervention consisted of an electrical adjunct to 
physiotherapy such as the use of continuous pas-
sive motion (CPM) or neuromuscular electrical 
stimulation (NMES) were excluded. 

 The purpose of this review is to thoroughly 
evaluate randomized controlled trials (RCTs) and 
other quality studies in order to determine the 
effectiveness of structured and systematic post-
operative rehabilitation on the short and long 
term functional recovery of patients after TKA.  

    Strengthening Interventions 

 Loss of quadriceps strength after TKA has been 
documented extensively [ 4 – 7 ]. However, recent 
studies suggest that hamstring muscle dysfunc-
tion [ 11 ] and hip abductor muscle weakness [ 12 ] 
are also present after the operation and should be 
addressed during rehabilitation. Rehabilitation 
programs which incorporate higher intensity, 
progressive resistive exercises that target all 
major muscle groups of the lower extremity have 
demonstrated superior mid-term [ 13 ] and long- 
term [ 14 – 16 ] strength and functional gains com-
pared with lower intensity programs. Moffet 
et al. [ 13 ] has evaluated the effectiveness of an 
intensive functional rehabilitation (IFR) program 
on the functional ability and quality of life (QOL) 
of patients who underwent primary TKA. Two 
months after the operation, subjects were ran-
domly assigned to either a group with IFR (n = 38) 
who received 12 supervised rehabilitation ses-
sions combined with home exercises between 
months 2 and 4 after TKA, or to a control group 
(n = 39) who received standard care. The specifi c 
strengthening exercises, performed in a supine or 
seated position, consisted of maximal isometric 
pain free contractions (knee extensors and fl ex-
ors) at different angles of knee fl exion and 
dynamic (concentric-eccentric) contractions 
against gravity (hip abductors). All participants 
were evaluated at baseline (2 months after TKA), 
immediately after IFR (4 months after TKA) and 
2 and 8 months later (6 and 12 months after 

TKA). The primary outcome measure was the 
6 min walk test (6-MWT) at different time inter-
vals, the WOMAC pain score, WOMAC diffi -
culty score and SF-36 Health Survey. Patients in 
the IFR group walked signifi cantly longer dis-
tances in 6 min and had less pain, stiffness and 
diffi culty in performing daily activities compared 
to controls. Positive changes in QOL (PCS, 
MCS) in favor of the IFR group were also 
observed. The authors conclude that IFR was 
effective in improving short and mid-term func-
tional ability after uncomplicated primary TKA, 
and suggest that in order to maintain these func-
tional improvements in the long term (1 year 
post-surgery), more intensive rehabilitation 
should be introduced during the sub-acute recov-
ery period (2–4 months after TKA). In a recent 
RCT, Petterson et al. [ 14 ] applied a progressive 
muscle strengthening protocol with or without 
the addition of NMES commencing 3−4 weeks 
after TKA and compared these two groups of 
patients (Exercise group and Exercise-NMES 
group, 100 patients each) to an embedded cohort 
of patients (control group) who received “stan-
dard rehabilitation” focused on functional train-
ing. The active treatment groups received two to 
three sessions of outpatient physical therapy per 
week for a total of 6 weeks. Treatment effects 
were evaluated by a burst superimposition test to 
assess quadriceps strength, knee range of motion 
(ROM), timed up and go test (TUG), stair climb-
ing test (SCT) and 6 min walk (6-MW) measure-
ments, SF-36 as well as completion of the knee 
outcome survey activities of daily living scale 
(KOS-ADLS) at 3 and 12 months postopera-
tively. There were no signifi cant differences 
between the exercise and exercise-NMES groups 
on any outcome measure at 3 and 12 months 
(P > 0.08); however, both groups signifi cantly 
improved on all scales from baseline to 3 and 
12 months (P < 0.001 for all) compared to con-
trols, with the exception of the mental component 
score (MCS) of the SF-36 which only improved 
from 0 to 3 months. In other words, strength, acti-
vation and function were similar between the 
exercise and exercise-NMES groups at 3 and 
12 months. The standard care group was weaker 
and exhibited worse function at 12 months 
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 compared to both treatment groups. The authors 
therefore conclude that progressive lower limb 
muscle strengthening can enhance clinical 
improvement after TKA, achieving similar short 
and long term functional recovery approaching 
the functional level of healthy older adults. The 
above studies [ 13 ,  14 ] applied high intensity pro-
grams 2 and 1 month after surgery, when strength 
and functional defi cits were already profound 
[ 3 – 5 ], based mainly on concerns related to the 
assumption that a higher intensity intervention 
initiated immediately following hospital dis-
charge, could lead to increased pain and swelling 
and ultimately to poorer ROM and functional 
outcomes. Bade et al. [ 16 ] in another recent RCT, 
attempts to assess clinical outcomes of a long 
duration IFR program initiated immediately after 
discharge from hospital in eight TKA patients. 
Effects were compared to those of a control group 
of another eight patients who participated in a 
lower intensity rehabilitation program. At the 3.5 
and 12 week (end of rehabilitation) time points, 
patients in the IFR group had better functional 
performance and greater quadriceps strength 
compared to the control group and this improve-
ment was maintained at 52 weeks. The high 
intensity program did not impair knee ROM and 
did not result in any musculoskeletal injuries in 
this small group of patients. Evgeniadis et al. [ 17 ] 
reports that TKA patients discharged from an 
8 week home supervised strengthening exercise 
program had signifi cantly greater knee fl exion 
and extension active ROM compared to a control 
group who received only inpatient rehabilitation 
(mean fl exion 98.42 and 80.42° and mean exten-
sion −0.8° and −6.42° respectively) 14 weeks 
after surgery. This improvement of active ROM 
was accompanied by similar benefi ts in func-
tional autonomy. 

 Whole body vibration (WBV) is an exercise 
mode which has been suggested in order to reha-
bilitate patients with lower extremity weaknesses 
and provide an alternative strengthening method 
in older patients who may not be able to perform 
standard exercise programs [ 18 ]. Johnson et al. 
[ 19 ] investigated the use of WBV as an alternative 
strengthening regimen in the rehabilitation of 
individuals after TKA, in comparison with 

 traditional progressive resistance exercise 
(TPRE). Individuals, 3–6 weeks after TKA, 
received physical therapy with WBV or TPRE for 
4 weeks. Knee extensor strength improved at a 
level of 84.3 % in the WBV and at a level of 
77.3 % in the TPRE group. TUG scores improved 
at a level of 31 % in the WBV and at a level of 
32 % in the TPRE group. There were no signifi -
cant differences between groups for strength, 
muscle activation and mobility and no adverse 
effects were reported in either group. In this study 
both WBV and TPRE proved equally effective in 
improving strength and function during rehabili-
tation after TKA.  

    Continuous Passive Motion 
After TKA 

 The concept of continuous passive motion (CPM) 
was introduced into orthopaedics by Salter et al. 
in 1980 [ 20 ]. They studied the biologic effect of 
CPM on the healing of full thickness defects in 
rabbit knee articular cartilage and found it strik-
ingly benefi cial. Salter suggested that immobili-
zation was detrimental to joints, motion was 
benefi cial and CPM minimized forces across 
damaged joint surfaces. For motion to be contin-
uous, it had to be applied passively, as muscles 
would fatigue with continuous active movement 
of a joint [ 20 – 22 ]. Encouraged by these studies, 
Coutts et al. [ 23 ] were the fi rst to introduce con-
tinuous passive motion into the postoperative 
rehabilitation of patients undergoing TKA. They 
demonstrated improvement in the range of knee 
motion, reduction in the length of hospital stay 
and a dramatic decrease in the use of pain medi-
cation in a small group of patients receiving CPM 
for 20 h a day compared to controls who kept 
their knees immobilized for the fi rst four postop-
erative days. After this study, the use of CPM 
devices after TKA increased dramatically and 
CPM has been widely used as an adjunct to phys-
iotherapy after TKA for the past three decades. 
Despite this widespread use, however, studies on 
the effectiveness of CPM have not supported risk 
and benefi t issues and its widespread use remains 
controversial. Earlier studies (before 2000) 
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 recommend its use [ 24 – 31 ], whereas more recent 
studies have found it to be less valuable in the 
rehabilitation of TKA [ 32 – 37 ]. Studies presented 
by Maloney [ 24 ], Johnson [ 25 ], McInnes [ 26 ] 
and Ververeli [ 27 ] have demonstrated a signifi -
cant increase in the range of motion of the knee, 
at discharge, due to an increase in active fl exion 
and a decrease in swelling. However, a longer 
term effect was not evident at 6 weeks, 3 months, 
1 and 2 years after operation. At discharge, active 
knee extension was reported to be less and fl ex-
ion contracture more in CPM treated knees [ 25 , 
 27 ,  38 ]. This “extensor lag” was found to be tran-
sient and was attributed to fl exor muscle stiffness 
and quadriceps muscle weakness of the knees 
subjected to CPM [ 38 ]. In all these studies which 
report faster knee recovery during the hospital 
stay, duration of CPM applications varied from 
16 to 24 h per day and it was performed during 
the fi rst 7 days after TKA. Moreover, knees in 
control groups were immobilized for 3–7 days in 
a splint, whereas the experimental groups 
received early postoperative CPM applications 
[ 23 – 29 ]. These results cannot be applied to con-
temporary practice because a long period of 
immobilization is no longer recommended and 
early movement is always promoted after TKA 
[ 35 ]. CPM is generally applied to patients after 
TKA during the postoperative hospitalization 
period (5–10 days) and current recommendations 
regarding the length of its application in order to 
attain treatment benefi ts are between 3 and 5 h in 
total per day [ 32 ]. However, in practice each ses-
sion cannot last longer than 2 h because patients 
have to be allowed time for conventional physical 
therapy interventions, occupational therapy vis-
its, nursing care and radiographic and medical 
assessments. Furthermore, they need time to 
achieve all of their rehabilitation goals, in addi-
tion to knee fl exion, such as transferring and 
walking with aids, before being discharged [ 35 ]. 
Lenssen et al. [ 36 ] has investigated the effective-
ness of prolonged CPM use at home for 17 con-
secutive days after surgery as an adjunct to 
standardized physiotherapy and found neither 
long term effects of this intervention nor transfer 
to better functional performance. Confl icting evi-
dence exists with respect to the use of analgesics 

for postoperative pain control in TKA patients 
using CPM. Colwell and Morris [ 28 ] reported a 
statistically signifi cant decrease in the use of nar-
cotic analgesics in patients using a CPM device 
in a small RCT study, whereas Pope et al. [ 29 ] in 
a larger, more recent, RCT study comparing three 
groups of patients (no CPM, CPM of 0–40° and 
CPM of 0–70°) detected a signifi cant increase of 
analgesic requirement in the two groups who had 
CPM. Pope’s study also demonstrates signifi -
cantly increased mean blood drainage postopera-
tively in the high fl exion group who had CPM of 
0–70° (1,558 ml) compared with the “no CPM” 
group (956 ml) and the 0–40° CPM group 
(1,017 ml). 

 There is controversy concerning the effect of 
CPM on the incidence of deep vein thrombosis 
(DVT) after TKA. Many authors have not found 
any difference in DVT with CPM applications 
[ 27 ,  32 ,  39 ], whereas others have found less DVT 
in CPM application groups, although this fi nding 
may be attributed to the fact that control knees 
were immobilized [ 30 ,  40 ]. Coutts et al. [ 30 ] has 
presented a multi-center study, in 1983, compar-
ing manipulation rates after TKA in a CPM group 
(137) and a control group (129) of patients. They 
reported no manipulations in the active treatment 
group, while 21 % of the knees in the control 
group required manipulation. Subsequent studies 
[ 27 ,  31 ,  41 ] also support the use of continuous 
passive motion in order to decrease the rate of 
manipulation (and its costs) for poor range of 
motion after TKA. The effects of CPM on the 
healing process after TKA remain controversial. 
Wound swelling has been reported to be decreased 
with the use of CPM after TKA [ 30 ,  38 ]. A 
wound complication is defi ned as an infection or 
other condition that necessitates a change in the 
postoperative regimen. According to this defi ni-
tion Maloney et al. [ 24 ] have reported an 
increased incidence of wound complications in a 
series of CPM application after TKA, mainly 
haematomas, superfi cial and deep wound infec-
tions. Davis [ 42 ] report increased aseptic wound 
drainage with the use of CPM. Confl icting reports 
by Bennett [ 43 ] and Colwell and Morris [ 28 ] 
show no signifi cant difference in wound drain-
age. Johnson et al., in his landmark paper [ 25 ], 
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measured the transcutaneous oxygen tension of 
knee wounds and found decreased viability of the 
edges of the wound (particularly the lateral edge) 
with knee fl exion beyond 40° during the fi rst 
three post-operative days. On the basis of these 
results, a protocol was designed for CPM to min-
imize the detrimental effects on wound viability. 
This protocol included restricting fl exion of the 
knee from 0 to 40° for the fi rst three postopera-
tive days and then slowly increasing the range of 
motion by daily increments to reach 90° on the 
sixth day. The CPM machine was removed on the 
seventh day. In Johnson et al.’s study 102 patients 
undergoing TKA were randomly assigned to an 
immediate CPM group which followed the above 
protocol and a control group which had their 
knees immobilized in a splint for 7 days. There 
was no difference in the incidence of infection or 
wound healing between the two groups, demon-
strating that if CPM is not aggressive, the inci-
dence of problems with wound healing will not 
increase. Speed of CPM made little difference in 
terms of wound viability, although a setting of 
one cycle per minute maximized oxygenation 
without the discomfort associated with faster 
settings.  

    Aquatic Therapy 

 In Europe aquatic therapy, such as pool exercise, 
is commonly used in the aftercare of patients fol-
lowing TKA. Proponents of water based rehabili-
tation protocols argue that exercising in warm 
water may reduce stress on the joint and allow an 
individual to strengthen their lower extremity 
using water as resistance, while taking advantage 
of the weight reducing effects of buoyancy [ 44 ]. 
This weight reduction, in line with to Archimedes 
law, protects the joints and permits better move-
ment, muscular reinforcement through proprio-
ceptive mechanisms and accelerated mobilization 
of the operated limb [ 45 ]. Resistance to move-
ment can be varied by changing the speed of 
motion and by increasing water turbulence. 
Because pool exercises require a continuous bal-
ance response, muscular coordination is 
improved. Patients overall report a sense of 

 pleasure and pain relief while exercising in water 
[ 44 ,  45 ]. Liebs et al. [ 44 ] has found that water 
based therapy can be safely started as early as 
6 days after TKA, provided the wound is covered 
with a waterproof adhesive dressing (Op-Site). 
These authors have also shown that patients ran-
domized to start water based therapy on the sixth 
postoperative day had better WOMAC, SF-36, 
and Lequense Knee scores 12 and 24 months 
after TKA, compared to patients who were ran-
domized to start the same program on the 14th 
postoperative day. While these results were not 
statistically different between groups, the effect 
of the size of the intervention on WOMAC score 
was similar to the effect of nonsteroidal anti- 
infl ammatory drugs on functional limitations 
associated with knee OA. The change in 
WOMAC score also exceeded the minimal clini-
cally important difference cut-off of 24 months 
following surgery. The authors conclude that 
early aquatic therapy after TKA led to a clinically 
important improvement in patient outcomes 
when compared with late aquatic therapy. 
However, these authors used only self-reported 
measures of function and did not compare the 
outcomes of aquatic based therapy to other land- 
based rehabilitation programs. Valtonen et al. 
[ 46 ] analyzed the effect of a 12 week progressive 
aquatic resistance training program on mobility 
limitations (walking speed and stair ascending 
time), self-reported function (WOMAC), knee 
extensor and fl exor power assessed isokinetically 
and quadriceps muscle cross sectional area 
(CSA) assessed by computed tomography. Fifty 
patients in the late stages of recovery after TKA 
(average 10 months postoperatively), were ran-
domized to either an aquatic program group (26) 
in which progressive strengthening exercises 
were performed in the pool, or to a control group 
of patients (24) advised to maintain their usual 
physical activity level. At the end of the 12 week 
training program, subjects in the active treatment 
group had better knee fl exion and extension 
power (48 % and 32 % respectively), greater 
thigh muscle CSA (3 %), faster habitual walking 
speed (9 %) and faster stair ascending time 
(15 %) compared to controls. No differences 
were found for WOMAC scores between groups. 
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The authors also evaluated the maintenance of 
observed aquatic training induced benefi ts at a 
follow up of 12 months after the end of the inter-
vention [ 47 ]. At this 1 year observation period, 
knee extensor and fl exor powers were still sig-
nifi cantly higher (32 % and 50 % respectively) in 
the active treatment group compared to the con-
trol group, while all the signifi cant 12 week 
improvements in muscle CSA, walking speed 
and stair ascending time had been lost. The 
authors suggest that aquatic resistance training 
should be continued to maintain the training 
induced benefi ts on mobility. Harmer et al. [ 48 ] 
randomized 102 patients scheduled for TKA to 
receive either land based (49) or water based (53) 
physical therapy, commencing 2 weeks after sur-
gery. Both groups attended 1 h sessions twice a 
week for 6 weeks. The same therapist supervised 
both water and land based treatment and the exer-
cise prescription was highly standardized to 
ensure that the only difference between treatment 
groups was the medium (water versus land). 
Patients were evaluated 8 and 26 weeks after 
TKA and there were no differences between 
groups for WOMAC score, knee ROM, 6 min 
walk test and stair climbing power (SCP), 
although both groups demonstrated signifi cant 
improvement compared to baseline. The authors 
conclude that water-based therapy was not par-
ticularly advantageous with respect to functional 
outcome or clinical metrics, although it may be a 
valid alternative treatment for rehabilitation after 
TKA.  

    Balance Training 

 Impairment of balance is a serious problem in 
fully recovered TKA patients [ 49 ] along with 
persistent muscle weakness [ 3 ,  6 ]. After TKA 
patients are at a higher risk of falling and sustain-
ing further orthopaedic injury [ 50 ,  51 ]. During a 
6 month observational period of a cohort of 
patients 6–12 months following their TKA, 
Matsumoto et al. [ 50 ] identifi ed a 32.9 % inci-
dence of fall. Swinkels et al. [ 51 ] reported a 
recent preoperative history of falling to be com-
mon (24.2 %) in people undergoing TKA and 

approximately 45 % of these patients fell again in 
the year following surgery. Therefore, resolving 
balance impairments after TKA, should be an 
important goal of physical therapy. Two studies 
with similar methodology have assessed the 
effectiveness of adding specifi c balance exercises 
(agility and perturbation techniques) to a func-
tional training (FT) protocol. Piva et al. [ 52 ] has 
compared the effects of balance training (B) and 
function training (FT) on mobility outcome in 
small sample groups. The interventions were 
6 weeks of supervised FT or FT + B program, 
followed by a 4 month home exercise program. 
Outcome data were collected at baseline, after 
completion of the supervised program (2 months) 
and at completion of the 4 month home exercise 
period (6 months after randomization). Both 
groups demonstrated clinically important 
improvements in lower extremity functional sta-
tus. Differences between groups did not have 
adequate power to demonstrate statistical signifi -
cance; however, the degree of improvement 
seemed higher for gait speed, single leg stance 
time and stiffness in the FT + B group compared 
with the FT group. Liao et al. [ 53 ] has found that 
the addition of 8 weeks of balance exercises to a 
postoperative rehabilitation program signifi -
cantly improved (at the end of the intervention) 
functional forward reach, single leg stance, sit to 
stand test, stair climbing time, 10 min walk time, 
timed up and go scores and the WOMAC Index 
scores to a greater extent than a control group 
which did not receive balance retraining exer-
cises (all P < 0.001). It should be noted that Liao 
et al. had a larger sample size (130 versus 43 
patients) and longer intervention (8 versus 
6 weeks) than the study by Piva et al. Additionally, 
patients randomized to receive balance retraining 
in Liao’s study also had longer session duration 
than subjects of the control group in the same 
study (up to 90 min versus 60 min). The authors 
conclude that 8 weeks of additional balance train-
ing can improve functional performance in 
mobility after TKA. Fung et al. [ 54 ] tested the 
use of an integrated Wii Fit TM  commercially 
available motion controlled video game system 
[ 55 ] in the rehabilitation of outpatients following 
TKA. In addition to standard therapy, subjects 
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randomized to the active treatment group (27) 
received 15 min of Wii Fit TM  gaming activity, 
while the control group (23) received 15 min of 
additional lower extremity exercise. There were 
no differences between groups for active knee 
fl exion and extension, distance covered in the 
2 min walk test, numeric pain rating scale, activ-
ity specifi c balance confi dence scale, lower 
extremity functional scale or length of outpatient 
rehabilitation. These fi ndings suggest that the 
addition of Wii Fit TM  as an alternative to lower 
extremity strengthening may be an appropriate 
rehabilitation tool.  

    Neuromuscular Electrical 
Stimulation (NMES) 

 One month after TKA impairment in quadriceps 
muscle strength is predominantly due to central 
activation defi cits (also referred to as “refl ex inhi-
bition”), but is also infl uenced to a lesser degree 
by muscle atrophy [ 4 ,  5 ,  56 ]. Although the neuro-
physiologic mechanisms for quadriceps muscle 
voluntary activation defi cits are not fully under-
stood, spinal refl ex activity from pain or effusion 
in the knee joint may alter afferent input from the 
injured joint and result in diminished efferent 
motor drive to the quadriceps muscle that reduces 
muscle strength [ 57 ]. Early studies by Gibson 
[ 58 ] and Martin [ 59 ] demonstrated that neuro-
muscular electrical stimulation (NMES) can pre-
vent muscle atrophy in patients with knee OA 
who are awaiting or recovering from TKA. Recent 
studies by Thomas [ 60 ] and Stevens [ 61 ] have 
demonstrated the potential of NMES to mitigate 
voluntary activation defi cits and prevent muscle 
atrophy early after surgery, thus restoring normal 
quadriceps muscle function more effectively than 
voluntary exercise alone. How NMES improves 
muscle strength is unclear, though some theories 
have emerged. Firstly, the intensity of the muscle 
contraction produced during stimulation may be 
greater than that without NMES (at least 30–50 % 
of maximal voluntary effort), thus overloading 
the muscle suffi ciently to induce strength gains 
[ 60 ]. Secondly, NMES may alter motor recruit-
ment inducing activation of a greater proportion 

of type II muscle fi bers which are larger than type 
I, so greater activation of type II fi bers maximizes 
force production [ 62 ]. Results of studies applying 
NMES to the quadriceps muscle of patients after 
TKA are promising. Gotlin et al. [ 63 ] random-
ized 40 patients who underwent TKA to either a 
control group (19) or an NMES group (21). Both 
groups received conventional physical therapy 
including CPM to the affected limb, ambulation 
training, ROM exercises and activities of daily 
living (ADL) training. Within the fi rst postopera-
tive week, the active treatment group additionally 
received, twice daily for 1 h during CPM treat-
ment, electrical stimulation (frequency of 35 Hz, 
stimulation time 15 s followed by a 10 s rest 
interval) with electrodes placed over the proxi-
mal femoral nerve and the distal vastus medialis 
obliquus (VMO) muscle. Active treatment group 
patients reduced their extensor lag from 7.5 to 
5.7°, whereas control group extensor lag 
increased from 5.3 to 8.3° in the same time frame. 
These trends were signifi cantly different 
(p < 0.01). In addition, NMES patients had a sig-
nifi cantly different (p < 0.05) length of hospital 
stay (7.4–6.7 days). As the greatest loss of quad-
riceps strength occurs in the fi rst month follow-
ing TKA [ 4 ,  5 ], Avramidis et al. [ 64 ] examined 
the use of NMES on the quadriceps muscle of the 
operated limb for the fi rst six postoperative weeks 
in addition to standard physical therapy and dem-
onstrated a statistically signifi cant improvement 
in patients’ walking speed at 6 weeks (p = 0.0002) 
as well as a “carry over” effect 6 weeks after dis-
continuation of treatment (12 weeks after the 
operation, p < 0.0001). Based on this original 
study, the same author also attempted to investi-
gate the long term effect of this intervention 
1 year after TKA, at which time most of the 
patients’ functional improvement was expected 
to have occurred [ 65 ]. Seventy patients who 
underwent TKA were randomly assigned to 
either an NMES group (35) receiving electrical 
stimulation of the vastus medialis muscle in addi-
tion to a traditional physical therapy program or a 
control group (35) who followed only the same 
physical therapy protocol, for 6 weeks. NMES 
was initiated on postoperative day 2 and was 
applied twice a day for 2 h on each occasion 
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(4 h total daily treatment) while the patient was 
lying in bed or sitting. The neuromuscular stimu-
lator was set to 40 Hz, a pulse duration of 300 μs 
and an 8 s on time followed by an 8 s rest time 
with the current intensity set at the patient’s max-
imum tolerance. Compared with the control 
group the NMES group demonstrated faster 
walking speeds and better scores on the Oxford 
Knee Score and American Knee Society function 
score at 6 and 12 weeks following TKA; how-
ever, differences between groups were no longer 
signifi cant at 52 weeks. The NMES group also 
had signifi cantly better SF-36 physical compo-
nent (PCS) scores at 6, 12 and 52 weeks postop-
eratively compared to the control group. These 
gains were secondary to an initial faster recovery 
of quadriceps muscle strength and subsequent 
ability to participate more fully in the voluntary 
exercise program. No complications were associ-
ated with the use of NMES beginning on postop-
erative day 2, although 3 of the 38 originally 
recruited patients in the NMES group abandoned 
use of the stimulator due to discomfort, thus leav-
ing the group with 35 patients who attended sub-
sequent follow up evaluations. In a similar study, 
Stevens- Lapsley et al. [ 66 ,  67 ] examined the use 
of NMES to the quadriceps muscle early after 
TKA utilizing a randomized, unblinded study 
design. Sixty- six patients undergoing TKA were 
randomly assigned to receive either standard 
rehabilitation (control group) or standard reha-
bilitation plus NMES applied to the quadriceps 
muscle. Electrical stimulation treatment began 
on postoperative day 2, continued for 6 weeks 
and was applied twice per day for 15 isometric 
contractions on each occasion (a total of only 
30 min per day). The stimulator was set to deliver 
a biphasic current, using a symmetrical wave-
form, at 50 Hz and a pulse duration of 250 μs, for 
a 15 s on phase followed by a 45 s rest time with 
the current intensity set at the patient’s maximum 
tolerance. Data for muscle strength, functional 
performance and self-report measures (WOMAC 
Index) were obtained before surgery and at 3.5, 
6.5, 13, 26, and 52 postoperative weeks. 
Compared with the control group, the NMES 
group demonstrated superior quadriceps strength, 
hamstring strength, 6 min walking distances, 

TUG times, SCT times, and active knee exten-
sion at 3.5 weeks after TKA. No differences 
between groups were noted for changes in the 
SF-36 (MCS and PCS) and WOMAC scores. At 
52 weeks, differences between groups were 
attenuated but remained signifi cant (favoring 
NMES) for quadriceps and hamstring muscle 
strength, TUG, SCT, 6MWT, SF-36 MCS and 
WOMAC scores. Improvement in active exten-
sion ROM tended to be better in the NMES group 
(p = 0.08). Similarly to the previous study, no 
adverse events were observed with the utilization 
of NMES beginning on postoperative day 2. A 
key observation from the Stevens-Lapsley et al. 
[ 66 ,  67 ] trial was that patients who were capable 
of achieving higher stimulation training intensi-
ties had greater quadriceps muscle strength and 
activation gains compared with those utilizing 
lower intensities. Therefore, increasing the com-
fort of NMES to accomplish this goal seems to 
play a role. Electrode size is important because it 
has a direct effect on current density, with smaller 
electrodes resulting in higher current density and 
potentially uncomfortable stimulation before 
reaching maximum muscle contraction torque. In 
both Avramidis’s and Stevens-Lapsley’s studies 
electrodes were applied to the skin over the vas-
tus medialis muscle and lateral side of the thigh 
and connected to the “active” and “indifferent” 
leads respectively. Avramidis et al. [ 65 ] utilized 
70 × 70 mm electrodes (Pals Plus, Nidd Valley 
Med., Knaresborough, UK), a shorter rest time 
(8 s), and longer NMES treatment duration of 2 h 
per session, whereas Stevens-Lapsley et al. [ 66 , 
 67 ] utilized larger 76 × 127 mm electrodes 
(Supertrodes, SME Inc., Wilmington, USA), as 
well as longer rest-times (45 s) and shorter NMES 
treatment times of 15 min per session. These dif-
ferences may have enabled patients to achieve 
higher stimulation intensities and, thus, greater 
strength gains, which may explain why the trial 
by Stevens-Lapsley et al. [ 66 ,  67 ] observed long 
term benefi ts in addition to short term benefi ts. 
Though the results of several investigations indi-
cate NMES may be benefi cial following TKA, 
Petterson’s recent randomized clinical trial [ 14 ] 
comparing (a) Exercise and (b) Exercise + NMES 
suggests that NMES (ten contractions, twice per 
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week for 6 weeks) initiated 1 month post- 
operatively, may not be any more benefi cial than 
exercise alone. Specifi cally, the authors noted no 
differences between the exercise and exercise + 
NMES groups in quadriceps strength, activation 
or function at 3 and 12 months after TKA. Both 
groups, however, had better strength, activation 
and function 12 months postoperatively com-
pared to a cohort receiving less intensive rehabili-
tation in the community. These results suggest 
that the timing and frequency of NMES treatment 
may be critical to patient outcomes. In this study, 
had the use of NMES commenced immediately 
after surgery it may have proved more effective, 
because preventing the early (within the fi rst 
month) decline of muscle function is likely to be 
more effective than working to reverse losses 
after they occur. It is also possible that the fre-
quency of NMES application (two times per 
week) may not have been suffi cient to induce 
changes in quadriceps muscle strength and acti-
vation. In conclusion, early use of NMES (within 
the fi rst month after TKA) and NMES delivered 
more than twice per week may be necessary.  

    Out-Patient Clinic and Home Based 
Therapy 

 Physical therapy conducted in an outpatient 
clinic allows the therapist to directly monitor 
patient progress and adjust the intervention to 
the patients’ functional status. However, it is 
more expensive than home based rehabilitation 
programs and requires that the patient travel to 
the clinic, which may be diffi cult for an elderly 
population. Rajan et al. [ 68 ] randomized 120 
patients and found no statistically signifi cant 
benefi t of outpatient physiotherapy in knee ROM 
at 3, 6 months and 1 year after TKA. Mockford 
et al. [ 69 ] randomized 150 patients into a group 
which received outpatient physiotherapy for 
6 weeks and another group receiving no outpa-
tient physiotherapy. No differences between 
groups were found for fl exion and extension 
ROM, Oxford Knee Score (OKS), Bartlett patel-
lar score (BPS) or SF-12 general health ques-
tionnaire 1 year after surgery. The conclusions 

drawn by Rajan et al. that there is “no need for 
outpatient physiotherapy after TKA” and by 
Mockford et al. that “a standard routine course 
of outpatient physiotherapy does not offer any 
benefi t in the long term to patients undergoing 
TKA” are not supported by the methodologies 
and results from these studies. Unfortunately, 
however, in neither study was there standardiza-
tion or a description of the protocol or duration 
of the outpatient physical therapy intervention, 
and only ROM and self-reported outcomes were 
assessed to make determinations about the effec-
tiveness of outpatient rehabilitation. Additionally, 
1 year after surgery patients in both studies had 
knee fl exion range of motion (97° and 108°) 
which was lower than the cut off for functional 
range of motion (110°) and less than the 120° 
reported by Petterson et al. [ 14 ], suggesting that 
these patients were under- rehabilitated. In order 
to determine the effectiveness of home based 
therapy monitored via periodic telephone calls 
from a physical therapist, Kramer et al. [ 70 ] ran-
domized 160 patients to receive either clinic 
based or home based therapy. Both groups were 
given two booklets of ROM and strengthening 
exercises with the prescription to perform them 
at home three times daily until their 12 week fol-
low up, at which time they were advised to con-
tinue the home exercises at least once daily, 
indefi nitely. A physical therapist familiar with 
the protocol evaluated the home based group 
weekly in order to monitor adherence and com-
pliance with the protocol. The clinic based group 
attended outpatient therapy between weeks 2 
and 12 after surgery, for two sessions per week 
of 1 h duration each and patients completed the 
common home exercises only twice on days that 
they attended clinic sessions. At the 12th and 
52nd week follow-up, values for WOMAC, 
SF-36, 6 m walking, 30 s stair test, knee fl exion 
ROM, and Knee Society clinical rating scale 
were signifi cantly better compared to baseline in 
both groups and there was no relative advantage 
of one group over the other. Madsen et al. [ 71 ] 
compared late clinic based and home based reha-
bilitation, commencing 4–8 weeks after 
TKA. They allocated 80 patients undergoing the 
operation to either group based rehabilitation 
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(40) or individual, supervised home training 
(40). The group based rehabilitation consisted of 
12 outpatient visits over 6 weeks, including 
strength-endurance exercises, education and 
self-management combined with home exer-
cises. The control group performed home exer-
cises, received an initial visit of a physical 
therapist in which the training program was 
adjusted to each individual’s needs and one or 
two additional visits during the treatment period 
to further adjust the program. Three and 6 months 
after TKA, there were no differences between 
groups, after adjusting for baseline values, for 
self-reported measures (Oxford Knee Score, the 
physical function part of the SF-36, EuroQol-5 
Dimensions), impairment metrics (leg extensor 
power, pain level during the power test) and per-
formance metrics (tandem test for balance, 10 m 
walking test, 30-s and fi ve times sit to stand 
tests). The authors conclude that individual, 
supervised home training and group based reha-
bilitation programs improved patients’ quality of 
life and physical function equally 6 months after 
TKA. 

 Russell et al. [ 72 ] has evaluated the equiva-
lence of an internet based tele rehabilitation pro-
gram compared with conventional outpatient 
physical therapy for patients following TKA in 
Australia. Access to rehabilitation may be diffi -
cult for patients who live in rural or remote areas 
and one possible solution is the use of tele reha-
bilitation technology to enable delivery of such 
service from a distance. In this study 65 patients 
were randomized to receive a 6 week program of 
outpatient physical therapy either in the conven-
tional manner or by means of an Internet based 
tele rehabilitation program. The primary outcome 
measure was the WOMAC score and secondary 
outcomes included the Patient Specifi c Functional 
Scale, TUG test, pain intensity, knee fl exion and 
extension, quadriceps muscle strength, limb girth 
measurements and an assessment of gait. After 
the 6 week intervention, participants of both 
groups had signifi cant improvement on all out-
come measures (p < 0.01 for all); however, differ-
ences between groups were not signifi cant for 
most of the above outcomes with the exception of 
the Patient Specifi c Functional Scale and the stiff-

ness subscale of the WOMAC for which results 
were better in the tele rehabilitation group 
(p = 0.04). Despite the lack of between group dif-
ferences, both groups were under rehabilitated; 
patients had residual knee fl exion contractures 
and quadriceps lag on active knee extension, indi-
cating signifi cant residual weakness. Moreover, 
TUG times in both groups were still greater than 
12 s at the end of the study, nearly 45 % longer 
than the TUG times reported by Petterson et al. 
[ 14 ] 3 months after TKA and 30 % longer than the 
TUG times in the active treatment group reported 
by Stevens-Lapsley et al. [ 66 ,  67 ] 6.5 weeks after 
TKA. These results suggest that ROM, strength 
and functional impairment are not completely 
resolved with this type of postoperative treatment 
strategy. The authors also acknowledge a number 
of limitations in their study, such as an inability to 
estimate patient compliance with the tele rehabili-
tation intervention at home and the lack of long 
term outcomes (only 6 weeks follow-up). Future 
research is needed to better assess long term 
effects, as well as the fi scal impact of this alterna-
tive mode of remotely delivered physical therapy. 

 Kauppila et al. [ 73 ] has tested whether a 
10 day multidisciplinary rehabilitation program 
was effective in achieving faster and greater 
functional recovery after TKA. Patients in the 
active treatment group (44) attended the multidis-
ciplinary program 2–4 months after the surgery. 
This program involved completing group exer-
cise sessions with a physical therapist and attend-
ing lectures from a variety of health care 
personnel (orthopaedic surgeon, psychologist, 
social worker and nutritionist). The control group 
(42) followed usual care. The main measures 
assessed preoperatively and at 2, 6 and 12 month 
follow up were the WOMAC index, 15 m walk 
test, stair test and isometric strength measure-
ment of the knee. The use of rehabilitation ser-
vices were recorded with a use of a questionnaire. 
The active treatment group did not achieve func-
tional recovery any faster and neither did their 
quality of life improve more than conventional 
care controls. Furthermore, the intervention did 
not reduce the use of postoperative rehabilitation 
services. However, patients who undergo TKA 
often have co morbidities including depression, 
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obesity and cardiovascular impairments and such 
patients may benefi t from a multidisciplinary 
rehabilitation treatment after surgery. Future 
studies are needed to test this hypothesis.  

    Conclusions 

 Physical therapy and rehabilitation protocols 
are critical to recovery after TKA. There is a 
large decrease in quadriceps muscle strength 
immediately after TKA, which is attributed to 
activation defi cits and atrophy [ 4 ,  7 ]. 
Progressive strengthening exercise interven-
tions of high intensity and early application of 
NMES should be used in order to attenuate 
early quadriceps weakness and the associated 
impairment. Further work is needed to fully 
elucidate the relationship between postopera-
tive exercise protocols and outcomes, given 
that most studies do not accurately describe the 
“usual care” groups that were included as treat-
ment arms in these randomized trials. Overall, 
the long term effect of structured physical ther-
apy on the TKA outcomes is unclear.     
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