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Hip OA is becoming more common, with a greater number of younger individuals 
undergoing total hip arthroplasty (THA). These individuals have the desire to return to 
considerable loading and in some instances return to sport. The purpose of this review 
was to investigate the current guidelines and/or protocols for hypertrophy or 
strengthening in individuals who have undergone total hip arthroplasty. A total of 16 
papers were identified, some of which also addressed total knee arthroplasty. There is no 
consensus for the best practice for a hypertrophy program following THA especially 
regarding when a direct anterior approach was used during hip arthroplasty. Further 
research is needed as this is a growing area in rehabilitation. This review aims to bridge 
the gap by offering a comprehensive synthesis of the available literature on postoperative 
rehabilitation after THA, with a specific emphasis on identifying the most effective 
muscular strengthening and hypertrophy training programs for patients undergoing 
anterior approach hip surgery. 

INTRODUCTION 

Hip osteoarthritis (OA) is becoming increasingly prevalent, 
with a total increase of 115.40% for the global incidence of 
hip OA from 1990 to 2019.1 OA is a chronic degenerative 
joint disorder and is the most common reason for total hip 
arthroplasty (THA) surgery in Australia.2 Due to its debili
tating effects and impact on quality of life, OA is the world’s 
fourth leading cause of disability.3 THA has been shown to 
be a beneficial treatment as it offers relief from pain, im
proves function, and subsequently improves quality of life.4 

The number of THAs being performed every year is increas
ing with a forecasted increase of 208% from 2013-2030. By 
2030, THAs are expected to cost Australia $953 million.5 

Many types of THA surgical techniques exist and there 
is much debate over which technique is most effective. The 
direct anterior approach has been associated with numer
ous claimed benefits such as reduced hospitalization peri
ods, diminished risk of dislocation, reduced blood loss, and 
reduction of postoperative pain. As a result, it is a preferred 
method due to its minimized muscle disruption, smaller 
incision, and fewer post-surgical precautions in compar

ison to alternative approaches.6 As this technique facili
tates faster recovery, a heightened emphasis is being placed 
on post-operative hypertrophy muscular training to enable 
prompt return to work or sports. Hypertrophy muscular 
training is a form of strength training that concentrates on 
increasing muscle size and mass. This objective is achieved 
by applying controlled stress and resistance to the muscles, 
prompting the increase in size and number of muscle fibers 
resulting in an increase in muscle size alongside strength 
development. This is important as the size or mass of mus
cles play a large role in the rate of force development and 
muscle power.1 Current research highlights the postopera
tive decrease in cross-section of the surrounding muscula
ture of the hip joint,7 indicating that a carefully structured 
exercise regimen designed to stimulate the enlargement 
and growth of muscle tissue surrounding the hip joint may 
be beneficial subsequent to THA. 

While THA is not a relatively new procedure, it is appar
ent that there is little to no available research on the role of 
muscular strengthening/hypertrophy in the recovery from 
THA using the direct anterior approach with individuals 
seeking to return to physically demanding activities such as 
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Figure 1a. First search, focusing on THA hypertrophy studies.        

Figure 1b. Second search, incorporating TKA studies      

sports, manual labour and weight training. Hence, compar
isons of muscle strength between anterior minimally inva
sive surgery (AMIS) procedures and the traditional THA ap
proach remain speculative. The reported strength losses for 
various muscle groups in the operated leg following THA 
further contribute to this speculation.8 Holstege’s study in
dicates strength losses in hip abduction, adduction, flex
ion and extension as well as knee extension and flexion ex
ist both pre- and post-operatively.9 These measures were 
taken after the out-patient rehabilitation period, for which 
documentation and quality of strengthening exercises is re
liant on patient reporting and motivation. While the an
terior approach and minimally invasive procedures reduce 
the level of soft tissue damage there is still very little re
search on the pattern of recovery of these muscles and even 
less on the rehabilitation process. Thus, the purpose of this 
review was to investigate the current guidelines and/or pro
tocols for hypertrophy or strengthening in individuals who 
have undergone total hip arthroplasty. 

METHODS 

This search was conducted for relevant articles published 
in Pubmed, Web of Science and EBSCOhost, Original search 
terms included total hip replacement or arthroplasty, and 
terms for rehabilitation, such as strength or hypertrophy 

training (Figure 1a). To further expand the scope of this 
literature search, hypertrophy training and total knee re
placement (TKA) surgery were also included (Figure 1b). 
TKA studies were added as the knee joint provides unipla
nar angular motions in one direction within the sagittal 
plane. Similarly, the hip joint also provides an identical 
motion within the sagittal plane. As both joints impact 
the kinematics of the lower limb through compound move
ments such as squatting, and bridging, recent research into 
post-surgical joint arthroplasty rehabilitation has pre
sented similarities among exercise prescription of both 
joint groups.10 Thus, to gain further insight and overcome 
the research gap in post-surgical hypertrophy protocols for 
the hip, the authors decided to include post-surgical TKA 
hypertrophy protocols into the search. Compound move
ments such as the leg press and hip abduction in seating 
have been shown to be effective in both hip and knee hy
pertrophy protocols thus providing grounds to take these 
studies into consideration. 

The inclusion criteria were articles published since the 
year 2000, including randomised controlled trials, cohort 
designs, and case control design. To narrow down further, 
hypertrophy protocols had to be of high quality whereby 
program duration, chosen exercises and dosage was de
tailed. Articles were excluded if they were published earlier 
than 2000, published in a language other than English, or 
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articles that were meta-analyses, systematic or literature 
reviews. See Appendix 1 for the full search strategy. 

RESULTS 

A total of 1112 results were obtained through this search 
across three databases, upon evaluation, 16 relevant, but 
diverse hypertrophy programs were selected across varied 
time frames, dosages, exercise prescriptions, and levels of 
supervision. 10 THA studies and 6 TKA were identified that 
incorporated hypertrophy-based strengthening programs. 
Of note, only one of the ten studies, targeted hypertrophy 
in the context of returning to sport.11 Throughout this lit
erature review, there was no program consensus amongst 
all the studies and programs to target THA post op muscle 
atrophy. As such there were also no consistent outcome 
measures to provide comparison between different pro
grams and suggest one over another. 

Table 1 provides the full results. 
Among the 16 studies reviewed, four concluded no sig

nificant increase in strength compared to that of their con
trol or standard post-surgical protocol. Although training 
duration and dosage varied within either the hip and knee 
studies, a significant increase in either strength and or 
functional performance was achieved within 13 of these 
studies. 

MUSCLE STRENGTH 

Among the 16 studies encompassing both the hip and knee 
arthroplasty, 13 of the 16 studies exhibited a substantial 
enhancement in muscular strength, while the remaining 
three studies indicated no statistically significant differ
ences. A common trend within these studies was the uti
lization of a one-repetition maximum (1RM) assessment. 
This assessment method seemed to guide clinicians in de
termining optimal loads for individual patients by estab
lishing a baseline for subsequent strengthening. 

EXERCISE PROTOCOL 

A diverse range of exercises were prescribed within each 
hypertrophy protocol. Similarities were found among nu
merous protocols within each of the hip or knee categories 
which can be found within Table 2. 

The exercises with the highest prevalence among hip 
rehabilitation protocols included leg press, hip abduction, 
and hip extension in a standing position. In knee extension 
protocols, leg press and knee open kinetic chain extension 
were the most commonly used. 

DISCUSSION 

A search through the available literature surrounding the 
rehabilitation process of THA reveals a high amount of vari
ability in programming, outcomes, durations, and level of 
supervision with regards to resistance training and muscle 
hypertrophy. Similar outcomes are seen in the TKA litera
ture. 

Many of the studies lacked specificity in their exercise 
intensity prescriptions neglecting any kind of 1RM testing. 
Without accurate measures of intensity, hypertrophy adap
tations may be diminished as well as limit the reproducibil
ity of the exercise parameters. Commonality was found in 
studies whose programs revolved around hip abduction and 
leg press as their key exercises.8,9,12,13 Logical movements 
targeting hypertrophy of gluteal musculature are required 
due to this muscle group being most affected by currently 
utilized surgical approaches.14 While the populations, 
methods, and durations of the selected studies naturally 
vary depending on individual research aims, outcome mea
sures, and interventions, what became clear is that there 
is no consensus rehabilitation protocol to be adapted to or 
followed for patient hypertrophy following THA. 

Husby15,16 implemented hip abduction and leg press 
strength-based programs from one week post op to weeks 
four and five post op in two studies. Both utilized 1RM test
ing to inform individual exercise prescription intensities, 
thus maximizing the benefits of resistance training without 
overexerting. Collectively these RCT’s indicated that early 
maximal strength training combined with conventional re
habilitation showed improvements in patients’ muscular 
strength, work efficiency, and in particular, rate of force de
velopment (RFD) which improved by 74% 12 months post 
op compared to control/conventional rehab.16 However, 
further long-term studies are needed to investigate this 
type of training model with younger patients returning to 
vigorous physical activities, sports, and manual labour post 
op. 

Conversely Madara11 and Mikkleson17 both conducted 
longer-term studies studying supervised versus unsuper
vised rehabilitation. Mickleson reported improvements in 
patient satisfaction and strength outcomes in the interven
tion group who used home resistance training versus con
ventional rehab, but concluded that even the more strenu
ous program resulted in insufficient strength gains on the 
operated side versus non operated side. Results were lim
ited by suitability of exercises for all participants. Madara’s 
feasibility study involved participants going unsupervised 
with a home program for the first six weeks and then PT 
supervised rehabilitation for the last 10 weeks tailored to 
the patients’ goals and potential return to sport desires. 
The experimental group recorded statistically significant 
increases in 6MWT, rehab satisfaction, and improvements 
in between-limb force symmetry during sit to stand tasks. 
While these studies individually have limited statistical 
power, when considered together they may suggest that a 
robust, supervised, resistance training based protocol may 
provide the most benefit to THA patients to minimize post 
op strength deficits, return to sport, and achieve patient-
centred goals. 

Two exploratory studies examined the impacts of pro
gressive overload using 1RM testing, the first13 focusing on 
pain and progression after TKA and THA during early-ini
tiated modified strength training and the second18 examin
ing the impact of leg press, hip abduction/knee extension 
resistance training on postural sway in THA patients. In the 
first study both TKA and THA patient’s pain levels were not 
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Table 1. results table   

Article/ 
Study 
design 

Population Procedure Program 
duration and 
frequency 

Hypertrophy protocol Outcome Limitations 

Hsu et al. 
2019 

RCT 

29 females 

68-73 yrs 
old 

TKA 24 Weeks 

Phase 1: 1-4wks 

Phase 2: 5-8wks 

Phase 3 9-24wks 

Program: 

Weeks 1-4 (60% of 1RM, 12 reps/set x 3 sets) 

5-8 weeks (70% of 1RM, 12 reps / sets x 3 sets, 3 
days a week) 

9-24 weeks (80% 1RM, 12 reps / sets x 3 sets, 3 
days a week) 

Resistance training group had 
greater lower extremity muscle 
strength (knee ext and flexors) 

Improved functional mobility in 
6MWT and 30sec CST 

Small sample size. 

Female Only. 

No long term follow 
up post 12 months. 

Husby et al. 
2009 

RCT 

24 
participants 

48-64 yrs 
old 

THA 4 Weeks 

Beginning 1/52 
post-op 

5 sessions/week 

Program: 
Program completed in addition to conventional 
program 
Warm up: 10min bike erg (roughly 50%VO2 max). 
Strength Training Program: (5RM = 85% of 1RM), 
(When patient attains 6 RM, load increased by 
5kg), 
(When patient attains 6 RM, load increased by 
1kg). 
Rest: 2mins rest between sets. 
Supervised physio 3-5/7 for 4/52. 

Abduction strength, peak force and 
work efficiency improved in strength 
training program 

No differences in gait patterns were 
revealed post intervention. 

Small sample size. 

Insufficient time 
period for optimal 
muscle adaptations 

Husby et al. 
2010 

RCT 

24 
participants 

<70yrs old 

THA 4 Weeks 

Beginning 1/52 
post-op 

5 sessions/week 

Program: 
Completed on top of conventional program 
Warm up: 10min bike erg (roughly 50%VO2 max) 

Strength Training Program: (5RM = 85% of 1RM), 
(When patient attains 6 RM, load increased by 
5kg), 
(When patient attains 6 RM, load increased by 
1kg). 

Rest: 2mins rest between sets 

Supervised physio 3-5/7 for 4/52. 

Work efficiency significantly 
improved in the STG by 29% (P 
0.034) compared with the CRG in the 
test after 6 mos. 

No significant increase in muscle 
strength 

Rate of force development (RFD) 
improved by 74% 12mos. Post op 
compared to control. 

Group allocation 
not concealed. 

No baseline 
comparability. 

Assessors, 
therapists and 
subjects not 
blinded. 

Small sample size. 

Short training 
period (Wks). 

Husby et al. 
2018 

RCT 

41 
participants 

45-73 yrs 

TKA 8 Weeks 

Beginning day 8 
post op 

Program: 
Maximal strength training: 
Warm up: 10 mins walking or cycling 

MST group muscle strength 37% 
increase in Leg press and 43% knee 
extension compared to pre op 

Amount and 
intensity of physical 
activity among 
patients was not 
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Article/ 
Study 
design 

Population Procedure Program 
duration and 
frequency 

Hypertrophy protocol Outcome Limitations 

old 3 sessions/week 

30min/session 

Performed at 80-90% 1RM. 
Load: 4 x 5reps (high velocity concentric). 
When able to perform 6RM, load was increased 
by 5 kg for leg presses and by 0.5-1 kg for knee 
extensions. 
Rest: 1-2min between sets 

no statistical difference in 6MWT recorded between 
6-12 months. 

Small sample size 

Jakobsen et 
al. 2014 

RCT 

82 patients 

56-73 yrs 
old 

TKA 6 Weeks 

Beginning 7 days 
post-op 

2 sessions/week 

Duration of 
session 
45-50min 

Program: 
Warm up: 5 mins unilateral cycling (Borg intensity 
7-10/20) 
Progressed to bilateral cycling when able to flex 
knee to 95deg 
Progressive strength training (15 mins): 
2 sets x 2 sec isometric, 3sec concentric & 
eccentric 

Rest: 60-180sec between sets 

No statistically significant difference. 

(mean difference between groups: 
−11.3 meters [95% CI −45.4, 22.7]; 
ANOVA P = 0.51) or adjusted 
baseline scores (−16.1 meters [95% 
CI −48.6, 16.4]; ANCOVA P = 0.33). 

No 1RM assessed. 

Training 
commenced seven 
days 
postoperatively. 

Madara et 
al. 2019 

RCT 

20 
participants 

Mean age 
66yrs 

THA 16 Weeks 

18 sessions of 
PT 

3 session/week 

Program: 
Weeks 1-6: 
prescribed home exercise program (HEP) → HEP 
progressed at each PT visit 

Using pedometer - increase PA increments by 
20% by-weekly 
70% 8RM with 3 sets x 8 reps. 

Load: 3 sets x 8 reps, once presenting with 
minimal fatigue, increase to 3 sets x 10 reps once 
presenting with minimal fatigue, re-assess 8RM 
and add resistance accordingly; start back at 3 
sets x 8 reps with added resistance. 
Weeks 7-12: 

Load: same as weeks 1-6 (progressively 
increasing) 
Weeks 13-16: 

Individualised exercises tailored to patient goals 
including return to sport 
Load: same as previous weeks (progressively 

IG 6MWT distance 23.4% increase vs 
control: 9.4% (p=0.01) increase 

HOOS Jr IG: (p=0.034) 103% 
increase 
CG: 60% increase 

Non-surgical side hip abduction 
strength (p=0.01) IG increased hip 
strength (0.04 kg/BW, 26% increase) 
CG decreased (-0.02 kg/BW, 11% 
decrease). 

Small sample size. 

Individualised 
programs elicit 
individual results 
and therefore hard 
to generalise. 

Low Specificity of 
exercise programs 
used. 

Initial home 
exercise program 
relies on patient 
motivation, 
accurate reporting 
and program 
adherence. 

Study enrollment 
not randomised. 

• Week 1: 12RM 

• Weeks 2-5: 10RM 

• Weeks 6-7: 8RM 
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Article/ 
Study 
design 

Population Procedure Program 
duration and 
frequency 

Hypertrophy protocol Outcome Limitations 

increasing) Significant age gap 
between control 
and experimental 
group. 

Madsen et 
al. 2013 

RCT 

80 
participants 

58-75 yrs 
old 

TKA 6 Weeks 

2 sessions/week 

Program: 
Warm up: 5 min exercise bike + 5-10 BW squats 

Load: 
Session 2: 1 set x 10-12 reps. 
Session 3-4: 2 sets x 10-12 reps. 
Session 5-7: 3 sets x 10-12 reps. 
Session 8-10: 2 sets x 6-8 reps. 
Session 11-12: 3 sets x 6-8 reps. 

3-6 month follow up. 
IG walked faster (p=0.01) 
Increased LEP values- (p=0.04) 

IG exceeded CG in five-times sit to 
stand @ 6 month follow up (p=0.045) 

No description for 
rest periods. 

No 1RM assessed. 

No precise mean 
age of participants 
was documented. 

Matheis and 
Stöggl 2018 

RCT 

39 
participants 

44-87yrs old 

THA 
(minimally 
invasive 
anterolateral) 

6 days Program: 
Day 1 (20 mins): Instructions, mobilisation with 
crutches 

Day 2: PROM/AROM of the hip & gait 
instructions 

Day 3-5: PROM/AROM of hip & training therapy 
(30 mins) 

Day 6: Post test 
Weight shifting – 1 min 
Step sequence. up/down x10 e/s. 
Abduction 3 x 10 80% intensity. 
standing extension 3 x10 80% intensity. 
Cross walker 2min each. 
Rest: 1 min rest for all strength exercises 

Increased hip flexion ROM 

Increased hip extension and 
abduction 

Faster 6MWT 

No 1RM assessed. 

Small sample size. 

Mobility program 
rather than 
hypertrophy. 

No weight-based 
strength training - 
only body weight or 
isometric 
contractions. 

Lack of exercise 
specificity. 

Mikkelson 
et al. 2012 

RCT 

44 
participants 

Mean age: 
67yrs 

THA 12 Weeks 

Follow up at 4 
and 12 weeks 

Program: 
Consisted of Supine, Sitting, and Standing 
exercises. 
Load: 10 reps x 2/daily 

Progression 4/52 post op 
No supine exercises 
Medium resistance band 
Step exercise(15-20cm height) 
Knee bend with back against wall 
One legged stance 

Intensified program effective in 
terms of pain, adherence, and 
compliance 

Persistent hip abductor strength 
deficiencies in both groups post 
study. 

Recommend more intensive early 
rehab protocol. 

Exercises not 
suitable for all Pt’s 

Short follow up 

Measurement 
errors and limited 
test battery. 
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Article/ 
Study 
design 

Population Procedure Program 
duration and 
frequency 

Hypertrophy protocol Outcome Limitations 

Mikkelsen 
et al. 2017 

RCT 

34 patients 
(15 female / 
19 male) 

Mean age: 
65 yrs old 

THA 10 Weeks 

Beginning 1/52 
post-op 

2 sessions/week 

30-40min/
session 

program: 
Warm up: 5-10 mins stationary bike 

Exercises: 
Load: 10-12RM week1 → increased progressively 
to 8RM, 3 sets per exercise 

Rest: 1 min rest between sets 

Progressive resistance training can 
be implemented shortly post op with 
substantial load progression and no 
overall exacerbation of 
postoperative pain. 

Small sample size. 

No 1RM assessed. 

Min Ji Suh 
et al. 2017 

RCT 

34 
participants 

77yrs or 
younger 

TKA 2 Weeks 

30min/session 

Program: 
ECC-CON group (n=16) 
Concentric knee extension 30% 1RM 3x15. 
Concentric Leg curl 40-60% 1RM @ 3 x 8-10. 
Extension 60-80% 1RM 3-5reps. 
Curl 60-80% 1RM 3-5reps - 3min rest. 
Extension - 1RM 
Curl - 1RM 
ECC-CON group 
only knee extension - eccentric contractions. 

Significant improvement in post op 
knee ext strength, increased 
endurance, and gait speed of surgical 
knee. 

Small sample size. 

Insufficient training 
program duration (2 
wks) 

Petterson et 
al. 2009 

RCT 

200 
participants 

50-85yrs old 

TKA 6 Weeks 

Beginning 3-4 
Weeks post-op 

2-3 sessions/
week 

NMES: 1 hour/
day 

Program: 
Specifically target quadriceps femoris muscle 
group. 

Load: 2 sets of 10 reps (weights were increased to 
maintain 10 rep max). 

NMES (neuromuscular electrical stimulation) 
component to program: 
10 electrically elicited contractions of quads 
muscle. 

Hypertrophy group was significantly 
stronger P=0.007 at 12mos. 

Mean NMVIC was 21%less in 
standard care. 

Worse functional performance at 12/
12 in standard care. 

High dropout rate 

No 1RM assessed. 

Suetta et al. 
2004 

RCT 

36 
participants 

60-86yrs old 

THA 12 Weeks 

Beginning day 7 
post op 

3 sessions/week 

Program: 
Warmup: 10-minute warm-up on a stationary 
bicycle. 

Training intensity was progressively increased: 

Weeks 1-6: 3-5 sets of 10 reps 

Weeks 6-12: 3-5 sets of 8 reps 

Increase in functional performance in 
RT (30%) and (37%) reduction in LOS. 

RT increased muscle mass, muscle 
strength, and functional 
performance. 
RT program augmented CSA 12% 12 
weeks after surgery. 

Limited number of 
patients 
(results cannot be 
generalized to a 
wider population) 

No 1RM assessed. 

Winther et 42 patients 26 THA 10 Weeks Program: Significant progressive load increase Explorative study: 
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Article/ 
Study 
design 

Population Procedure Program 
duration and 
frequency 

Hypertrophy protocol Outcome Limitations 

al. 2020 
(pain and 
load 
progression) 

Exploratory 
study 

35-76yrs old 
16 TKA 

Beginning day 
15 post op 

3 sessions/week 

Warmup: 10-min warm-up; walking or ergometer 
cycling. 

Load: 

→ Load increased when patient could perform > 
5RM 

Rest: 1-2 min between sets 

in leg press and hip abduction until 
final intervention week (p<0.01) 

small sample size, 
low power 

Program started 
two weeks after 
surgery. 

Winther et 
al. 2020 
(postural 
sway) 

unpublished 
data from a 
prospective 
RCT 

54 patients 

Mean age: 
63 yrs old 

THA 
(posterior 
approach) 

12 Weeks 

3 sessions/week 

Follow up at 3, 6 
and 12 months 

Program: 
Warm-up: cycling, step, and treadmill walking. 

Load: 

Other workouts used were aquatic exercises, 
balance training, range-of-motion exercises, 
massage, and sling exercises. 

IG patients 25%–50% stronger leg 
press and hip abduction than the CG 
patients 3 and 6 months 
postoperatively (p ≤ 0.002). 

3-month follow up; Decreased 
postural sway in IG patients 

Failed to measure 
preoperative gait 
data in order to 
make comparisons 
with postoperative 
data. 

Reduced sample 
size due to high 
drop out rate 

Explorative design. 

Winther et 
al. 2020 

RCT 

26 patients 

35-76 yrs 
old 

THA 10 Weeks 

3 session/week 

Program: 
Warmup: cycling 

Load: 

Rest: 1-2 min rest intervals 

Leg press + hip abduction strength 
stronger than control at 3 and 6 
months post op. 

No significant differences at 12 
months post op. 

Patients' level of 
exercise not 
recorded from 6-12 
months post op. 

Small sample size. 

• 4 sets of 5 reps 

• 85-90% of 1RM 

• High velocity concentric phase 

• 4–5 reps × 4 sets 

• Load equal to 85%–95% of 1RM 

• 5 reps, 4 sets 

• 85-90% of 1RM 

• emphasis on concentric part of movement 

• load increased following 6RM 
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beyond moderate levels with increased early load progres
sion post op, albeit TKA predictably higher than THA. Both 
groups statistically significantly increased loads each week 
until the second to last week (TKA) and last week (THA) 
of the study resulting in a 120-130% increase in leg press 
training load by week eight. While study power was limited 
by small sample sizes and incomplete pain medication re
porting, the indications are strongly in favor of a targeted 
resistance program to limit strength deficiencies post op. 
The second study18 found maximal strength training led 
to improved muscle strength and reduced postural sway in 
THA patients during activities of daily living. While limited 
by an insufficiently powered sample size and the absence 
of preoperative gait data, notable statistical differences in 
postural sway were detected in favor of the intervention 
group immediately post study. 

Another study17 examined progressive strengthening of 
the quadriceps in a six-week TKA post-surgical hypertrophy 
protocol which included exercises that targeted the hip ab
ductors, hip flexors, hamstrings, and gastrocnemius. Signif
icant increases in strength occurred within those six weeks. 
A second study19 examined an eight week post-surgical 
TKA hypertrophy protocol whereby muscle strength within 
the intervention group significantly increased leg press 
(37%), and knee extension (43%) strength. 

Atrophic musculature is a common occurrence following 
THA. Nankaku et al.20 measured hip abductor and knee ex
tensor strengths prior to undergoing unilateral THA and 
found a correlation between preoperative weakness of the 
gluteus medius and postoperative limping during gait. The 
gluteal musculature, in particular, the gluteus medius has 
been shown to be the primary hip stabiliser during single 
legged functional movements such as gait.21 Through this 
analysis of the literature pertaining to atrophic muscula
ture surrounding the hip, it can be concluded that hip ab
ductor and knee extensor strengthening are integral parts 
of early exercise following THA as they assist to provide 
stabilization of the hips during gait and enhance stability of 
the pelvis during standing.22 

A typical hypertrophy protocol consists of a combination 
of mechanical and metabolic stresses with dosage ranging 
between 3-6 sets of 8-12 repetitions with short rest inter
vals of 60 seconds or less. The intensity should be of mod
erate effort at 60-80% of 1RM with subsequent increases 
in training volume each week. Research has shown that a 
standard hypertrophy training program ranges from 4-12 
weeks depending on an individual’s goals. Hypertrophy is 
the most effective method to strengthen and increase the 
cross-sectional area (CSA) of the musculature.23 

The conclusions of this review were limited by the avail
ability of research specifically on anterior approach THA, 
hypertrophy training post THA, and the diversity of inter
ventions, durations, age of participants, intervention speci
ficity and wide variety of outcomes utilized across the se
lected studies. This ultimately results in a lack of clarity 
regarding the ability to compare among rehab programs to 
determine effectiveness or the optimal program. 

CONCLUSION 

This review of the available literature of post operative THA 
and TKA protocols indicates that there are some incon
sistencies that provide grounds to direct further research 
into postoperative THA muscular hypertrophy training pro
grams. There is no consensus for the best practice regarding 
a hypertrophy program following THA. This is especially 
true for anterior direct anterior techniques in conjunction 
with hypertrophy protocols in which this search found zero 
results. To address the apparent gaps in the literature, there 
is a need for well conducted studies that address rehabili
tation specifically for hypertrophy in the contexts of ante
rior hip surgery, THA in younger populations, and return to 
sport following THA. It will also be important to discern if 
utilizing standardized intervention protocols and outcome 
measures benefit those wishing to return to high level ac
tivities after THA. The literature that was reviewed suggests 
that interventions post TKA and THA are both safe and ef
fective in achieving strength outcomes necessary to combat 
strength asymmetries and deficiencies. 
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Table 2. Hypertrophy protocols   

THA Hypertrophy Protocol 

Study Key Exercises 

Suetta et al. 2004 

Husby et al. 2009 

Mikkelson et al. 2012 

Husby et al. 2010 

Mikkelsen et al.,2017 

Matheis and Stöggl, 2018 

Madara et al. 2019 

• Seated knee extensions 

• Leg presses 

• Leg press 

• Hip abduction machine 

• Supine 

• Sitting 

• Standing 

◦ Gluteal sets 

◦ Pelvic tilt 

◦ Hip abduction 

◦ Hip flexor stretch 

◦ Knee extension sitting on chair with rubber band around ankles 

◦ Hip extension(low resistance) 

◦ Hip abduction(low resistance) 

◦ Hip flexion(low resistance) 

◦ Step exercise(step height 6-10cm 

• Leg press 

• Hip abduction machine 

• Hip flexion 

• Hip abduction 

• Hip extension 

• Knee extension 

• Leg press 

• Cross walker 

• Treadmill 

• Weight shifting 

• Step seq. (unstable surface) 

• Single leg stance + hip extension and abduction exercises 

• Early phase 1 (week 1-6) 

• Mid phase 2 (weeks 7-12) 

• Late phase 3 (weeks 13-16) 

◦ Quad set SAQ SLR 

◦ gluteal sets supine 

◦ Standing hip extension step ups 

◦ Supine abduction heel slide 

◦ Weight shift SL balance 

◦ Standing hip abduction 

◦ Bilateral heel raise 

◦ STS walking 

◦ stairs 

◦ LAQ resisted knee extension (theraband) 

◦ Mini wall squat advanced bridges (resistance band, single band) 

◦ Step ups onto raised boxes 

◦ Step out in clamshells 

◦ SL balance (no hands) 

◦ Bilateral 4 way hip SL hip abduction 4 way 

◦ Bilateral heel raise (single lower: eccentric) 

◦ Walking 

◦ STS no hands 

◦ Wall squats 

◦ Squats heel touch off a step 6’’ 

◦ Resisted side step 

◦ Single leg stance 

◦ Raise limb push into wall (stork) 

◦ Single heel raises 

◦ 30 mins stationary bike or walking 

◦ Sports specific activities 
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Winther et al. 2020 

Winther et al. 2020 (pain and load progression) 

Winther et al. 2020 
(postural sway) 

TKA Hypertrophy Protocol 

Petterson et al. 2009 Muscle groups specified rather than specific exercises 

Jakobsen et al. 2014 

Madsen et al. 2013 

Min Ji Suh et al. 2017 

Husby et al. 2018 

Hsu et al. 2019 

• Leg press 

• Hip abduction machine 

• Leg press 

• Hip abduction machine 

• Knee extension machine 

• Leg press 

• Hip abduction machine 

• Hamstrings, Gastrocnemius, Soleus, Hip abductors, Hip flexors 

• NMES (neuromuscular electrical quad stimulation) 

• Knee extension 

• Leg press 

• Squat 

• Leg press 

• Knee extension 

• Seated curls 

• Back extension 

• Sit up bench 

• Lat pulley 

• Triceps vertical machine 

• Knee extension 

• Hamstring curl 

• Leg press 

• Knee extensions 

• Leg press 

• Knee extension machine 

• Seat curl machine 

• Hip adductor machine 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 
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