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Total knee arthroplasty (TKA) reduces 

pain, restores range of motion (ROM), and 

improves functional performance and quality of life  
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of patients with end-stage knee osteoarthritis (OA). 

The post-operative functionality of TKA is closely 

related to appropriate physiotherapy. Rapid 

recovery of muscle function and early mobilization 

are key to successful rehabilitation following 

TKA(1). Quadricep muscle strength is particularly 

crucial for functional performance, such as 

climbing stairs, rising from a seated position, 

walking, and survival of artificial implants. Finally, 

high lower limb muscle strength is associated with 

a lower mortality risk(2). 

 

Purpose: Most patients who undergo total knee arthroplasty (TKA) are elderly. Some patients have 

recognition impairments and cannot correctly perform home-based rehabilitation effectively. This 

study aimed to compare the functional outcomes between logbook- and non-logbook-based quadricep 

exercises. 

Methods: In this prospective cohort study with retrospective case controls scheduled for unilateral 

primary/bilateral TKA, we compared 57 patients who received post-operative home-based 

rehabilitation and seated knee extension exercises (non-logbook group) with 60 patients who received 

the same protocol but were provided a logbook with paper handouts containing the schedule, date, 

time, and record form (logbook group). The modified Western Ontario and McMaster Universities 

Osteoarthritis Index (WOMAC) scores and data pertaining to range of motion (ROM) were collected 

pre-operatively and at 6, 12, and 24 weeks post-operatively. 
Results: The logbook group showed a significant improvement in the mean difference in function and 

total WOMAC scores at 6-weeks post-operatively (p < 0.05). There was no significant difference in the 

pre- and post-operative ROM at any follow-up time point between the groups. 

Conclusions: Logbook-based quadriceps exercises resulted in significant early improvement in the 

functional outcomes. Logbooks may help patients who have undergone TKA to perform their home-

based exercise regimens accurately. 
 

Keywords: Total knee arthroplasty, knee exercise, rehabilitation, logbook, Western Ontario and 

McMaster Universities Osteoarthritis Index (WOMAC). 
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Home exercise programs (HEPs) are used 

to treat several musculoskeletal conditions. HEPs 

are usually provided to patients in the form of 

paper handouts(1). The prescription of HEPs 

encourages patients to take responsibility for their 

rehabilitation and to self-manage their condition in 

the long term(3). Most patients who undergo TKA 

are elderly and have multiple comorbidities. Some 

have recognition impairment and thus cannot 

always remember HEPs, and therefore cannot 

exercise correctly(4). Beinart et al. reported that up 

to 70% of patients do not perform HEPs as 

prescribed, and adherence tends to decline over 

time(5). Thiengwittayaporn et al. reported greater 

accuracy of quadriceps isometric exercises after 

using a quadriceps educational device (QED)(6). 

 Seated knee extension is an easy exercise 

for quadricep muscle strength, and is commonly 

used in patients following TKA(7). It can also be 

used as HEPs. Early initiation of muscle strengthen-

ing exercises reduces pain and improves the ROM. 

Other studies have reported that post-operative 

rehabilitation prevents knee stiffness following 

TKA(8). 

Maltz et al. reported that it usually takes a 

minimum of about 21 days for any perceptible 

change in a mental image. According to Maltz, 

“These, and many other commonly observed phe-

nomena tend to show that it requires a minimum of 

about 21 days for an old mental image to dissolve 

and a new one to jell(9).” 

 In provinces where most of the people 

work in agriculture and have a relatively low 

socioeconomic status, paper handouts are easy and 

economical method to communicate information. If 

patients are provided a logbook that is easy to use 

and contains detailed explanation, schedule, time, 

and frequency of exercises for each day, it would 

remind them to perform their rehabilitation 

regimen correctly. 

 This study aimed to compare the functional 

scores of patients (following TKA) who performed 

logbook-based quadriceps exercises for 28 days 

with those of patients who did not. We hypo-

thesized that patients who perform logbook-based 

quadriceps exercises for 28 days would remember 

them better and form a healthy habit that would be  

reflected in improved functional outcomes. 

 

MATERIALS AND METHODS 

We conducted a prospective cohort study 

with retrospective case-controls scheduled for 

unilateral primary/bilateral TKA between January 

30, 2021 and February 25, 2022. This study was 

approved by the ethics committee of our hospital’s 

institutional review board. 

 The inclusion criteria were patients (aged 

50–80 years) with primary knee OA who consented 

to comply with the study protocols. The exclusion 

criteria were as follows: (1) any infection, (2) body 

mass index >40 kg/m2, (3) uncontrolled hyperten-

sion and/or diabetes mellitus, (4)patients with renal 

insufficiency (creatinine clearance <30 mL/min) 

and/or active hepatic disease who did not receive 

the general peri- and post-operative pain medicine 

protocol, (5) patients with a brain disease and/or 

any symptoms that prevents them from exercising 

by themselves, and (6) patients with mental disord-

ers with a score <14 on the Thai Mini-Mental State 

Examination. 

All surgeries were performed by the first 

author using the same technique. Only spinal 

blocks were used in the present study. All patients 

received the same post-operative analgesic proto-

col. 

Two weeks post-operatively, the patients 

were advised to perform home-based rehabilitation 

as usual, including seated knee extension exercises, 

sitting down on a chair, active extension and 

holding of the affected knee for 20 sec, which were 

to be performed ten times every 2 h (at 8 am, 10 am, 

12 pm, 2 pm, and 4 pm). 

 We recruited participants who had receiv-

ed post-operative HEPs between January 30, 2021 

and November 1, 2021 as the historical control 

group. This group constituted the ‘non-logbook 

group.’ Next, we conducted a prospective study of 

participants recruited between November 2, 2021 

and February 25, 2022 who received the same 

protocols but were provided a logbook consisting 

of a paper handout containing schedule, date, time, 

record form (Appendix 1), and advised to return for 

an appointment for the next 4 weeks (6 weeks post-

operatively). This group constituted the ‘logbook 
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group.’ All participants received the same medica-

tion for pain, including naproxen (250 mg twice a 

day), tolperisone (thrice a day), gabapentin (300 mg 

once a day), and acetaminophen (500 mg 2 tabs 

every 6–8 h). The medications were administered 

for two weeks in both groups. After the 2nd post-

operative week and until the end of the study all 

participants received the same medications, includ-

ing tolperisone (three times a day) and acetamino-

phen (500 mg 2 tabs every 6–8 h) for pain. None of 

the participants used any over-the-counter painkil-

lers. 

 

Outcome measurement  

 Primary outcome was assessed using the 

modified Western Ontario and McMaster Univer-

sities Arthritis Index (WOMAC), which was per-

formed by a blinded outpatient department nurse 

pre-operatively and at 6th, 12th, and 24th week post-

operatively. The secondary outcome was ROM, 

which was assessed in the patients pre-operatively 

and at 6th, 12th, and 24th week post-operatively. 

Active knee flexion and extension ROM were 

measured in degrees using a standard long-arm 

universal goniometer.  
 

 
 

Data analysis 

Sample size was calculated based on data 

collected from ten patients in our pilot study. The 

results showed that the mean difference in 

WOMAC between the logbook and non-logbook 

groups at post-operative 12th week was 46.04 

(±13.94) and 39.12 (±15.24), respectively. The corre-

lation between follow-up measurements was 0.7. 

The correlation between baseline and follow-up 

was 0.3 based on ANCOVA method. A multilevel 

regression model analysis was performed by consi-

dering repeated outcome measurements at multi-

ple time points. We estimated that a sample size of 

at least 54 patients per group would have 80% 

power to detect mean differences. A two-sided 

alpha level of 0.05 was considered acceptable. 

The mean differences in WOMAC scores 

were compared between the groups. Statistical 

significance was set at p < 0.05 for Fisher’s exact test, 

two-sample t-test, and multilevel Gaussian regres-

sion for the WOMAC Score change (mixed-effects 

ML regression) adjusted for sex, age, body mass 

index (BMI), physical status class, number of knee 

replacements, operative time, pre-operative WOM-

AC score, and p-value for repeated measurement at 

multiple time points. 
 

 
 

Fig. 1 Flow diagram.

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

Allocated to control group (n = 57) 

(Historical group) 

Educated for home extended knee 

exercise without log book 

Allocated to intervention group (n = 60) 

(Prospective group) 

Educated for home extended knee 

exercise with log book for 28 days 

Follow up WOMAC score, ROM at 

postoperative 6th, 12th, and 24th week 

Analyzed (n = 57) Analyzed (n = 60) 

Assessed for eligibility (N = 117) 

Follow up WOMAC score, ROM at 

postoperative 6th, 12th, and 24th week 
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Table 1 Demographic information. 
 

Characteristics Non-logbook (n = 57) Logbook (n = 60) p-value 

n % n %  

Sex     0.262 

     Male 9 15.8 5 8.3  

     Female 48 84.2 55 91.7  

Age (yrs), mean (±SD) 64.7 (±9.0) 65.9 (±9.0) 0.440 

BMI, mean (±SD) 27.2 (±4.1) 26.3 (±3.6) 0.243 

Physical status class (A)     0.202 

     I 7 12.3 14 23.3  

     II 31 54.4 24 40.0  

     III 19 33.3 22 36.7  

Number of knee replacements     1.000 

     Unilateral 38 66.7 40 66.7  

     Bilateral 19 33.3 20 33.3  

Operative time (min), mean (±SD) 90.0 (±35.9) 91.6 (±35.2) 0.812 

Pre- Operative WOMAC Score      

     Pain 9.8 (±4.1) 10.4 (±3.4) 0.366 9.8 (±4.1) 10.4 (±3.4) 

     Stiffness 4.5 (±1.6) 4.7 (±1.7) 0.544 4.5 (±1.6) 4.7 (±1.7) 

     Function 36.0 (±14.0) 38.9 (±12.2) 0.223 36.0 (±14.0) 38.9 (±12.2) 

     Total WOMAC Score 50.3 (±18.1) 54.1 (±15.4) 0.224 50.3 (±18.1) 54.1 (±15.4) 

Pre-operative ROM, mean (±SD) 121.5 (±11.9) 118.5 (±15.1) 0.238 121.5 (±11.9) 118.5 (±15.1) 

Fisher exact probability test for proportions independent t-test for two independent mean. 

 

 

Table 2 Clinical outcome. 
 

Mean difference of WOMAC 

Score 

Non-logbook  

(n=57) 

Logbook  

(n=60) 

Mean 

difference 

regression 

95%CI p-value* 

mean (SE) mean (SE) 

Pain WOMAC Score        

     WOMAC Score at 6-week -5.8 (0.4) -6.4 (0.3) -0.6 -1.5, 0.4 0.255 

     WOMAC Score at 12-week -7.5 (0.5) -7.9 (0.5) -0.4 -1.8, 0.9 0.519 

     WOMAC Score at 24-week -8.4 (0.9) -9.2 (0.8) -0.8 -3.2, 1.6 0.523 

Stiffness WOMAC Score        

     WOMAC Score at 6-week -2.4 (0.2) -2.9 (0.2) -0.5 -1.1, 0.4 0.067 

     WOMAC Score at 12-week -3.0 (0.3) -3.2 (0.3) -0.2 -0.9, 0.6 0.645 

     WOMAC Score at 24-week -3.6 (0.5) -3.7 (0.4) -0.1 -1.4, 1.2 0.876 

Function WOMAC Score        

     WOMAC Score at 6-week -22.0 (1.2) -26.1 (1.1) -4.1 -7.3, -0.8 0.014† 

     WOMAC Score at 12-week -28.7 (1.7) -31.8 (1.6) -3.2 -7.8, 1.4 0.176 

     WOMAC Score at 24-week -32.3 (3.2) -33.1 (2.9) -0.8 -9.2, 7.6 0.852 

Total WOMAC Score        

     WOMAC Score at 6-week -30.2 (1.5) -35.4 (1.4) -5.2 -9.3, -1.1 0.013† 

     WOMAC Score at 12-week -39.1 (2.1) -42.9 (2.1) -3.8 -9.7, 2.1 0.209 

     WOMAC Score at 24-week -43.9 (3.7) -45.8 (3.7) -1.9 -12.9, 9.1 0.734 

*p-value for Mixed-effects REML regression for WOMAC score change adjusted for sex, age, BMI, physical status class, number of 

knee replacement, operative time, and pre- operative WOMAC score. 
† Denotes significance at the p < 0.05 level. 
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Table 3 Mean ROM pre-operatively and at 6, 12, and 24 weeks post-operatively. 
 

Clinical outcome Non-logbook  

(n = 57) 

Logbook  

(n = 60) 

p-value 

mean (±SD) mean (±SD)  

Pre- operative range of motion (ROM) 121.5 ±11.9 118.5 ±15.1 0.238 

Post-operative ROM      

     At 6-week 114.8 ±14.4 114.9 ±11.9 0.952 

     At 12-week 120.1 ±10.7 120.6 ±11.5 0.778 

     At 24-week 120.0 ±7.1 127.5 ±9.1 0.263 
 

 

RESULTS 

The study included 117 patients, who were 

divided into two groups: non-logbook (n = 57; 9 

males, 48 females) and logbook (n = 60; 5 males and 

55 females) groups. There were no significant 

differences in age, BMI, American association of 

anesthesiologist (ASA) classification, or operative 

time between the groups. Nineteen patients in the 

non-logbook and 20 in the logbook group 

underwent bilateral TKA. There were no significant 

differences in the pre-operative 5-point Likert 

WOMAC score (pain, stiffness, daily activity, and 

total score) or ROM between the groups (Table 1). 

The logbook group showed a greater mean 

difference in function and total WOMAC scores at 

6-week post-surgery (p < 0.05). Both the groups 

(non-logbook and logbook) showed no statistically 

significant improvement in pain and stiffness 

WOMAC scores in all dimensions following TKA 

(Table 2). There was no significant difference in pre- 

and post-operative ROM between the groups at all 

follow-up time points evaluated. There was no 

significant difference between the time points (p < 

0.952) (Table 3). 

 
 

Fig. 2 Mean difference in WOMAC pre-operatively and at 6, 12, and 24 weeks post-operatively. 
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DISCUSSION 

The results showed that patients who 

performed logbook-based quadricep exercises 

improved their mean difference in function and 

total WOMAC scores compared with those in the 

control group at 6-week post-operatively. These 

results differ from that reported in the Kauppila et 

al. study that compared a 10-day multidisciplinary 

outpatient rehabilitation program with conven-

tional care. They reported no significant difference 

in the improvement of the early WOMAC scores(10). 

For early and superior functional outcome 

following TKA, the process of post-operative 

rehabilitation is crucial. However, it has multifacto-

rial influences, including patient education, percep-

tions, socioeconomic status, and mental status all of 

which remain challenging, especially in developing 

countries owing to lower patient educational and 

economic status, and difficulty in visiting physical 

therapists. Moreover, the ongoing COVID-19 

pandemic, low contact time, and overcrowding in 

outpatient departments may have all contributed to 

lower functional outcomes. The limited options for 

face-to-face training sessions affects patient rehabi-

litation outcomes. Smith et al. identified that the 

barriers to engagement in physical activity include-

ed lack of the information on recovery, expected 

capabilities, and fear of ‘damaging’ the recovery 

process and implant(11). A previous study by 

Thiengwittayaporn et al. compared mobile applica-

tions and paper handouts for home-based exercises 

for knee OA. The results showed significantly 

higher overall exercise accuracy, daily activity, 

quality of life, and ability to perform sports and 

recreational activities in the mobile application 

group(12). Although the study showed marked 

benefit of technology in helping patients adhere to 

home-based exercise programs, paper handouts 

continue to play significant a role in patient 

recovery, particularly in rural areas where techno-

logy may be inaccessible. Additionally, our study 

showed that paper handouts are applicable and 

adaptable to everyone, and may be used to remind 

patients to perform the home-based exercises. 

In our study, both groups demonstrated 

similar yet significant post-operative improvement 

in active knee flexion. The mean pre-operative knee 

flexion in the two groups were 121.5° and 118.5°, 

respectively. Both groups achieved pre-operative 

knee flexion levels at 12-week post-operatively. The 

improvement in knee flexion was better in the 

logbook group than that in the non-logbook group 

at 24-week post-operatively, although the differ-

rence was not statistically significant (p = 0.263). 

Similarly, McGinn et al. studied early outpatient 

physical therapy within six weeks and found that 

early post-operative physical therapy resulted in 

greater knee flexion and extension than late 

physical therapy(13). 

The main limitations of our study were its 

non-blind nature and lack of long-term follow-up. 

Furthermore, we did not thoroughly evaluate the 

intensity of self-physical therapy, mental status, 

educational level of individual caregivers, or other 

environmental factors. 

 

CONCLUSIONS 

Our study demonstrated that logbooks 

constitute an effective method that may help 

patients to perform home-based exercises accurate-

ly following TKA. The study demonstrated a statis-

tically significant difference in the total WOMAC 

scores between the intervention and control groups 

at 6-week post-operatively. 
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Appendix 1. Example of a logbook-based quadriceps exercise instructions. 

 


