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Abstract
Background and purpose

Total knee arthroplasty (TKA) is a commonly performed surgical procedure intended to decrease knee pain and improve function in individuals 
with knee osteoarthritis. Numerous studies highlight the benefit of high intensity strengthening on functional abilities following TKA. High intensity 
strengthening has the potential to provide a multitude of physiologic benefits, allowing for efficient and expedient return to function. Physical 
therapists commonly focus early post-operative TKA rehabilitation efforts on reducing pain and increasing range of motion (ROM) without enough 
emphasis on strengthening. This case report describes the use of high intensity strengthening to enable a rapid return to full function in a patient 
following total knee arthroplasty. 

Case presentation
A previously sedentary 61-year-old male attended physical therapy two to three times a week for six weeks following TKA. The primary focus 

of treatment was high intensity strengthening and conditioning.

Outcomes
Following six weeks of physical therapy, functional outcome measures surpassed age-related norms. The patient’s lower extremity strength was 

symmetric bilaterally within six weeks of focused, progressive, high intensity strengthening.

Conclusion
High intensity strengthening and conditioning is a safe and effective means of returning patients to high levels of physical function following 

TKA. Clinical practice guidelines highlight the importance of high intensity strengthening status-post TKA; treatments should be regularly modified 
and progressed to return patients efficiently to age-related functional norms.
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Introduction
Total knee arthroplasty (TKA) is a frequently performed surgi-

cal procedure intended to decrease knee pain and improve function 
in individuals with knee osteoarthritis [1]. However, six months 
after surgery, patients often continue to demonstrate significant 
strength and functional deficits compared to their peers [2-4]. 
Long-term deficits include an average of a 40% residual quadri-
ceps strength impairment, a 30% decrease in six-minute walk test 
capacity, and a 110% increase in time to completion on the stair 
climbing test [5, 6]. Implementation of high intensity resistance 
training early after total knee arthroplasty is frequently discour-
aged due to concerns for increased joint effusion, pain, and delayed 
range of motion recovery [6-9]. Conversely, many studies support 
the benefit of high intensity strengthening on functional abilities 
following TKA [5, 6, 8,10-14], due to improvements in neuromus-
cular activation, [12, 15] and reduction in muscle atrophy [2, 13, 
15-17]. A lack of awareness may contribute to the aforementioned 
sustained impairments and these deficits may result from the com-
mon belief that high intensity strengthening should wait until joint 
effusion, pain, and range of motion have improved. 

Recent clinical practice guidelines further support high intensi-
ty strengthening status-post TKA [7, 16]. Physical therapists fre-
quently focus early post-operative TKA rehabilitation efforts on 
reducing pain and increasing range of motion (ROM), de-empha-
sizing progressive, high intensity strengthening. This case report 
describes the use of strengthening activities to enable the return 
to optimal function following TKA in an overweight male avoidant 
of self-directed exercise and non-participatory in his home exercise 
program. High intensity strengthening provided an opportunity to 
return to prior activities and catapult him onto a functional path to 
recovery.

Case Presentation
The patient was a 61-year-old male with a history of osteoar-

thritis involving the left knee after a partial meniscectomy of his 
medial meniscus 30 years prior. He was six feet tall and weighed 
220 pounds with a body mass index of 29.8. His past medical histo-
ry was significant for hypertension and hypercholesterolemia, both 
well-controlled with medication. Prior to his TKA, he was limited 
in activities of daily living (ADL) due to significant knee pain and 
limited knee flexion range of motion (90 degrees). His significant 
range of motion loss, combined with self-reported nagging pain and 
weakness limited his ability to perform many of his cherished activ-
ities of daily living, such as working a full day, riding his motorcycle, 
and high-level jet skiing. Specific details regarding his pre-operative 
impairments were not available as he did not receive physical ther-

apy prior to surgery. His goals for post-operative physical therapy 
encompassed a return to all activities without difficulty or pain. 

The patient reported having a highly active lifestyle until six 
years prior to surgery. He conveyed he did not plan on exercising 
beyond physical therapy sessions and did not intend to continue 
exercising after his rehabilitation course. Although he was a pre-
viously active individual, he was not an active exerciser. We mod-
ified his rehabilitation protocol to help maximize in-session gains 
while consistently educating on the importance of regaining lower 
extremity strength to return to his desired activities, hopefully leav-
ing a lasting impression on this patient regarding the value of high 
intensity strengthening and maintaining gains by staying active af-
ter his completion of supervised therapy.  

After his total knee arthroplasty, the patient remained in the 
hospital for four days, followed by 14 days in a skilled nursing facil-
ity. Treatments consisted of ROM activities, low-level exercise, and 
ice, one to two times daily. Upon discharge from the skilled nursing 
facility, he waited two weeks before initiating outpatient physical 
therapy. 

Treatment
He initiated outpatient physical therapy five weeks after his 

left TKA. At this time there were significant noted deficits in ROM, 
strength and function, therefore we initiated a plan of care encom-
passing physical therapy two to three times a week for six weeks. 
Each session lasted approximately 75 minutes in duration. During 
outpatient therapy, he was advised to perform a home exercise pro-
gram consisting of aerobic exercise three times a week (walking or 
stationary cycling for 30-40 minutes), stretches once/day, and ROM 
activities one to two times a day; however, he did not comply with 
the home program. 

Treatment sessions included interventions to progress range of 
motion (range of motion progression from passive to active) with 
a primary focus on high intensity strength training. His vital signs 
(blood pressure, pulse rate) were monitored before, during, and 
after treatments, pain levels were monitored using the numerical 
pain rating scale (NPRS), and the Borg rating of perceived exertion 
(RPE) scale was used during exercises to monitor his perceived 
level of activity [10, 18]. His vitals were consistently within safe 
ranges, and his Borg rating of perceived exertion (RPE) varied from 
12-16 during strengthening [19, 20].

Importantly, the program was designed to fit specific perfor-
mance-focused strength training principles. Strengthening exercis-
es included supine horizontal leg press, standing heel raises, seated 
knee extension, seated hamstring curls, forward and lateral step-
ups, lunges, Romanian deadlifts, and squats (see Table 1). 

Table 1: Strengthening Program.

Exercise Sets Reps % of 1 RM

Supine Horizontal Leg Pressa 3 8-10 75-80

Heel Raisesb 3 12-15 67-70

Knee Extensionc 2 8-10 75-80

Seated Hamstring Curlsc 2 8-10 75-80
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Step-ups (forward and lateral)d 1 set each way 12 67

Lungese 2 12 67

Squatsf 2 8-10 75-80

Abbreviations: RM, repetition maximum.
aWeek 1: 0-75 degrees knee flexion; 0-90 degrees afterwards.
bInitially bilateral, gradually shifted weight towards left leg to maintain 12-15 reps to failure.
c0-90 degrees knee flexion.
dBegan with a 10cm block, progressed to 20cm as tolerated. Added weight vest on 20cm block in 2.26kg increments up to 9kg.
eInitially to 60 degrees knee flexion, progressed to 90 degrees as able. Added weight vest in 2.26kg increments up to 9kg.
fInitially to 60 degrees knee flexion, progressed to 90 degrees as able. Added weight in 4.5kg increments up to 45kg.

Video 1 – Proper Mini-Lunge - Lateral and Anterior Views - Right LE
Video 2 - Improper Mini-Lunge - Lateral and Anterior Views - Right LE
Video 3 – Proper Forward Full Lunge - Lateral and Anterior Views - Right LE
Video 4 – Proper and Improper Forward Step-up - Right LE - Lateral View
Video 5 – Proper Forward Step-up - Right LE - Anterior View
Video 6 – Improper Forward Step-up - Right LE – Anterior View
Video 7 – Proper Lateral Step up and over - Lateral View
Video 8 – Proper Romanian Dead Lift - Bilat and Unilat - Lateral and Anterior Views - Right LE

The patient worked at intensities ranging from 67-80% of his 
one repetition maximum (RM) which has been shown to safely pro-
vide optimal strength gains in older adults [1, 12, 21, 22]. His 1RM 
was determined as a percentage of his demonstrated 10 RM which 
is shown to be reliable and valid [1, 12, 21, 22]. The progression 
strictly followed the 2-for-2 rule, with intensity increasing once the 
patient was able to perform two or more repetitions over his repe-
tition goal in the last set of two consecutive workouts [23]. Finally, 
the patient was asked to adhere to prescriptions for tempo, with ac-
celerated concentric movements to enhance power, [24, 25] as well 
as a pause at the end of the movement with subsequent controlled 
two-second eccentric movement to maximize strength improve-
ments as suggested per age group [26].

Outcome and follow-up
Outcome measures were repeated at three and six weeks. The 

patient’s strength and functional level demonstrated improvements 
following six weeks of physical therapy with an emphasis placed 
on high intensity strengthening. During the initial examination, his 
functional outcome scores (30-second Chair Stand Test, Gait Speed, 
six Minute Walk Test) were slightly below the normative values 
of age-related peers and his left lower extremity was significant-
ly weaker during 10 RM testing (see Table 2). By the 3-week as-
sessment his functional test scores were near or above age-related 
norms and by six weeks, functional measures were well above the 
normative values of his age-related peers, except for the standing 
heel rise assessment. 

Table 2: Outcome Measurements and Scores.

Test Baselinea 3-Weeksb 6-Weeksc Age-Related Normative Values

Assistive Device with Gait Standard cane No assistive device No assistive device N/A

Pain Levels 2-8/10 1-5/10 0-2/10 N/A

Knee Active Range of Motion12 (L) 0-106 deg 
(R) 0-140 deg

(L) 0-116 deg 
(R) 0-140 deg

(L) 0-120 deg 
(R) 0-140 deg

0-113 deg 

0-131 deg

Gross Strength Testing
(L) 3+/5 (L) 4+/5 (L) 5/5 N/A

(R) 5/5 (R) 5/5 (R) 5/5  

LEFS21 45/80 67/80 73/80 71/80

KOS-ADLS 64% 81% 91% N/A

30-second Chair Stand Test16 15 repetitions 29 repetitions 32 repetitions 14-19 repetitions

Stair Climb Test 9.06 seconds 6.38 seconds 5.03 seconds N/A

Standing Heel Rise Test (Left)17                                                                  5-Feb 5-Mar 5-Mar 5/5 (25 repetitions)

Gait Speed (Usual)8 1.41 m/s 1.55 m/s 1.57 m/s 1.59 m/s

Gait Speed (Fast) 1.65 m/s 2.25 m/s 2.31 m/s 2.05 m/s

4-Square Step Test7 7.42 seconds 5.34 seconds 4.02 seconds 15 seconds
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Unipedal Stance Test (eyes open) 
(Left)29 45 secondsd 45 secondsd 45 secondsd 33.8 seconds

6-Minute Walk Test27 517 meters 649 meters 725 yards 509-614 yards
aBaseline = 4 weeks s/p TKA.
b3-week = 7 weeks s/p TKA.
c6-week = 10 weeks s/p TKA.
dStopped by the clinician after 45 seconds.
Abbreviations: LEFS-Lower Extremity Functional Scale; KOS-ADLS- Knee Outcome Survey -Activities of Daily Living Scale; SF-36 PCS-Short Form 
36-item Physical Component Summary; y/o-year old, s/p-status post.

Discussion
Outpatient physical therapy interventions focusing on high in-

tensity strengthening following TKA in a patient who was admit-
tedly unwilling to exercise outside of the clinic resulted in a rapid 
return to pain-free function. Within three weeks, the patient indi-
cated his knee no longer felt stiff and he noticed he was able to walk 
efficiently without work or activity-related fatigue or pain. By the 
sixth week of high intensity strengthening, the patient reported 
that the strength in his left leg was no longer limiting him with daily 
activities and he had returned to his prior level of activity without 
pain, noting he had spent up to eight painless hours standing on 
multiple occasions without symptoms. Upon discharge, he noted, 
“I forgot that I had knee surgery until I returned home [from a long 
motorcycle ride]. My knee felt great!” During a follow-up phone 
call with his physical therapist two years after surgery, the patient 
reported that he was having no issues with his knee and had re-
mained able to participate in all prior activities without limitation. 
He admitted he had not exercised since discontinuing physical ther-
apy but believed the hard work during outpatient physical therapy 
was sufficient to enable him to return to all desired activities and an 
active daily lifestyle prevented regression.

It is worth acknowledging that the patient’s strength measures 
continued to improve at the same rate across the treatment peri-
od, while functional outcome measures demonstrated early gains 
and stabilized, perhaps due to the ceiling effects of the selected 
functional outcome tools. No adverse events were noted during 
treatment and the patient consistently attended physical therapy, 
despite his poor motivation towards self-directed exercise. 

An inherent limitation of this case report is that cause and ef-
fect cannot be established. We cannot demonstrate a cause-and-ef-
fect relationship between the prescribed treatment and resultant 
positive outcomes. While the primary focus of treatment was in-
tensive strengthening, other aspects of the patient’s treatment and 
daily activities could have contributed to the improved outcomes. 
With that being said, the outcome of this case report aligns with the 
abundance of evidence demonstrating the benefit of high intensi-
ty strengthening following TKA, [5, 6, 8,11-13, 16, 17, 27, 32] and 
the risk of persistent weakness and disability when appropriate 
strengthening is not included within a rehabilitative program [2-6].

In conclusion, a focus on high intensity strength training during 
TKA rehabilitation may not only decrease persistent strength and 
functional deficits following surgery, but was also shown here to 
prevent functional decline for a patient resistant to self-directed ex-
ercise after therapy intervention. 

Learning points
• High intensity strengthening is a safe and effective meth-
od of improving recovery for patients after TKA.

•  Strength training intensities should be progressively in-
creased during various time points in post-operative recovery 
to accommodate gains achieved by the patient.

• High intensity strengthening fosters significant improve-
ments in functional outcome measures and demonstrates ex-
tended improvements in strength.
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