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Abstract. Introduction. Comparing squatting performance of patients with knee pathologies with normative values may 

help determine the extent of impairment, inform plan for appropriate intervention and also serve as outcome measure. 

However, dearth of reference values on squatting performance is a significant limitation. This study provides correlates, 

predictors and reference ranges for repetitive squatting performance (RSP) in apparently healthy Nigerians. Material 

and Methods. Four hundred and forty-five consenting individuals, whose ages ranged between 18 and 54 years, 

completed the study. Squatting performance was assessed using repetitive squatting test. Data were also obtained on 

socio-demographics and anthropometric variables. Data were analyzed using descriptive and inferential statistics. Alpha 

level was set at p<0.05.  Results. The mean age and RSP of the participants were 25.2±8.0years and 29.5±11.1reps 

respectively. Male participants had significantly higher RSP than the females (32.9±10.74 vs. 25.3±10.12 reps; p<0.05). 

Participants in the > 40yrs age group had the least RSP (21.9±8.51 reps). RSP was significant but inversely correlated 

with age (r = -0.328; p=0.001), weight and the measures of adiposity (p<0.05). However, RSP was directly correlated 

with height, lean body mass and trunk length (p<0.05). Age and the anthropometric variables were significant predictors 

of RSP at 85% variability without gender bias (p<0.05). Conclusion. This study established a set of reference values for 

repetitive squatting performance in healthy Nigerians. RSP was significantly higher in male individuals. Older age and 

high level of adiposity were associated with lower RSP without gender bias. Age and anthropometric parameters were 

significant predictors of RSP. 
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Introduction 

Squat is a commonly used exercise in the strength and conditioning armamentarium (1). It is a prominent test 

for lower extremities muscles’ strength (2, 3). Squat, a functional multiple joint exercise, is biomechanically 

akin to many motions and movements required in many day to day tasks, chores and hobbies (1). Further, it 

is regarded as a valuable tool in strength and functional performance training of the lower extremities, hips 

and lower back musculature usually required for basic skills in many activities of daily living in patients and 

athletic populations (1-3). In addition to its use in injury and complaint-risk evaluation (4), squat is 

considered to be a golden exercise for improving quality of life because of its ability to engage multiple 

muscle groups in a single maneuver (5).   

Squat tests are widely documented as a valid functional capacity performance test (6-8). Although, the safety 

of squat performance tests remains at best debatable (5), the majority of research opines that it is both 

harmless and effective if performed correctly (9, 10). Squat performance relies on muscle activity at both the 

hip and ankle joints and recruits the abdominals and spinal erectors as well (11). Majorly, the quadriceps, 

hamstrings, gastrocnemius and gluteus muscles are involved during a squat (12).  

Alongside functional capacity evaluation tests such as back endurance, sit-up and arch-up tests, squat 

performance testing are gradually becoming common in literature (6, 7, 13-15). Of the different squat tests, 

Repetitive Squat Test (RST) is reported to demonstrate excellent psychometric properties with respect to  
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validity and reliability (6, 7, 13, 16). RST, as a functional capacity evaluation tool, is used to establish a 

rehabilitation prescription, determine return to work goals, and determine an end point of care (6, 7, 13-15).  

Establishment of reference or normative databases for functional capacity evaluation tests including 

repetitive squatting are useful to set clear goals in patients’ rehabilitation (15-20), provide documentation of 

treatment progress and also serve as target and motivation to facilitate better compliance or program 

adherence (16-22).  

However, normative databases developed among Europeans, Caucasians and Asians may have limited 

applicability among Africans because of the significant anthropometric and morphologic differences that 

exist. In addition, functional capacity evaluation tests results are significantly influenced by demographic, 

anthropometric and morphologic, psychological, and pathophysiological characteristics which accounts for 

the variations that exist in normative or reference databases across different populations (23, 24). 

Unfortunately, there seems to be a dearth of reference database on squatting performance in sub-Sahara 

Africa. This study provides correlates, predictors and reference ranges for Repetitive Squatting Performance 

(RSP) in apparently healthy Nigerians.  

 

Material and Method 

Four hundred and forty-five, 243 (54.6%) males and 202 (45.4%) females, consenting individuals whose 

ages ranged between 18 and 54 years completed the study.  

The participants were volunteers who included staff and students of Obafemi Awolowo University (OAU) 

and individuals from Ile-Ife community and they were screened via interview to ensure eligibility. 

Participants were excluded if they had a positive history of symptomatic knee pain, osteoarthritis and/or low-

back pain within one year to the time of the study, obvious spinal deformity or neurological disease,  

cardiovascular diseases contraindications to exercise or previous involvement in competitive sport or 

athletics. Ethical approval for the study was obtained from the Institute of Public Health, Obafemi Awolowo 

University, Ile-Ife, Nigeria. Each participant granted informed consent to participate in the study. 
Anthropometric variables assessed in this study included height, weight, Body Mass Index (BMI), 

Percentage Body Fat (PBF), Body Fat Mass (BFM), Lean Body Mass (LBM), trunk length (TL) and lower 

limb length (LL). A height meter was used to assess the height of each participant to the nearest 0.1cm. 

Participants stood barefoot on the platform of the scale while looking straight ahead during measurement. 

Body weight in light clothes was measured to the nearest 0.1kg using a weighing scale with the participant in 

standing and shoes off. A Bioelectric Impedance Analysis (BIA) device (Omron BF306; Mod. HBF-306-E. 

CC- , Japan) was used to measure the percentage body fat (PBF) of all participants.    
BMI was calculated by dividing weight in kilograms by height in meters squared (kg/m

2
). Body Fat Mass 

(BFM) was calculated from the BIA estimate of the Percentage Body Fat (PBF) using the formula: 

BFM = (PBF X total body weight)/100. Lean body mass (kg) was calculated from the PBF estimate of the 

BIA. LBM (kg) was calculated by subtracting BFM (kg) from total body weight (kg). 

Procedures. Repetitive squat test was used to assess squatting performance. Prior testing, one of the 

researchers (OF) demonstrated the test procedure to each of the participants. Each participant stood with 

his/her feet 15cm apart and squatted until the thighs were horizontal. The participant then returned to the 

upright (starting) position. The squatting sequence was repeated until fatigue, and each repetition lasted 

about two seconds in duration. A metronome set at 30 beats/min provided the speed of movement for the 

squatting. The number of squats performed by each participant synchronous to the metronome tempo was 

recorded. A maximum number of 50 repetitions was allowed. Participants who could not maintain the 

starting position, whose squat motions were non-synchronous with the metronome tempo and who refused to 

continue with the test procedure were excluded from the study (6, 17).  

Data analysis. Data were summarised using descriptive statistics of mean, standard deviation, frequency 

distribution and percentages. The RSP values between male and female participants were compared using the 

independent t-test. Pearson product moment correlation analysis was used to assess the relationship between 

RSP and each of age and anthropometric parameters. Spearman’s rank correlation was used to test the 

relationship between gender and RSP. Analysis of Variance (ANOVA) and LSD post-hoc was used to 

compare RSP across different age groups.  
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Multiple regression analysis was used to establish the predictors of RSP. Alpha level was set at p<0.05. The 

data analyses were carried out using SPSS 16.0 version software (SPSS Inc., Chicago, Illinois, USA). 

 

Results 

The general characteristics and RSP of all the participants are presented in table I. The mean age and RSP 

score of all participants was 25.2 ± 8.0 years and 29.5±11.11 reps respectively. The female participants were 

significantly older than the males (23.9±6.99 years vs. 26.7±8.55 years; p=0.001) while the male participants 

had significantly higher RSP score (32.9±10.74 vs. 25.3±10.10; p=0.001).  The measures of adiposity (BMI, 

PBF, BFM) and TL were significantly higher among the female participants (p<0.05) while height, LBM and 

LL values of male participants were significantly (p<0.05). For the purpose of establishing gender and age 

reference value table for RSP, the participants were classified into <20yrs, 21-30yrs, 31-40yrs and >40yrs 

age bracket respectively. Most (59.8%) of the participants were in the 21-30yrs age group. Table II shows 

One-way ANOVA comparison of the general characteristics and RSP across age groups. The highest 

(31.2±1.10 reps) and least (21.9±8.51 reps) RSP scores were observed in the 21-30 yrs and > 40yrs age 

group respectively. 

 
 

Table I.      General characteristics and Repetitive Squatting of all participants            . 
All participants (N=445)    Male (n=243)   Female (n=202) 

Variable          Mean±SD         Min      Max         Mean±SD       Mean±SD          t-cal       p-value 

 

Age (yrs)         25.2±8.00  18.0       54.0          23.9± 6.99     26.7±8.85         -3.744      0.001* 

Height (m)         1.7±0.09   1.20 1.90           1.7±0.68       1.6±0.77          18.352     0.001* 

Weight (kg)     65.0±11.69  40.0     116.0           65.2±9.71    64.7±13.73        0.415      0.678* 

BMI (kg/m2)    23.3±4.60  14.7       40.0          21.8±3.16     25.2±5.32          -8.363      0.001* 

PBF          24.1±10.96   5.80      49.7          17.1±7.56     32.4±8.18         -20.551     0.001 * 

LBM          48.7±8.29  25.1       75.8          53.6±6.82     42.9±5.66         17.917       0.001* 

BFM                16.2±9.60        22.6        56.6         11.5±6.60      21.9±9.65         -13.364     0.001* 

TL                   0.8±0.05           0.70       0.90            0.8±0.04       0.9±0.05          -22.97       0.001* 

                              LL                   1.3±5.57           0.98       1.34            1.3±5.59      1.2±5.57           0.072       0.943 

RSP                 29.5±11.1        18.0        50.0           32.9±10.74    25.3±10.10       27.59       0,001* 

__________________________________________________________________________ 

Key: BMI= Body Mass Index; PBF= Percentage Body Fat; LBM= Lean Body Mass; BFM= Body Fat Mass; 

TL= Trunk Length; LL= Limb Length; RSP= Repetitive Squatting Performance 

*Indicates significant difference between groups 

 
 

Table II. One – way ANOVA and LSD post-hoc comparisons of the general characteristics and 

Repetitive Squatting Performance of all the participants by age category 

                        <20yrs               21-30yrs         31-40yrs             >40yrs 

Variable          (N=96)              (N=266)            (N=53)              (N=30) 

                     χ ±S.D               χ ±S.D              χ ±S.D                  χ ±S.D            F-ratio    p-value 

Age               18.4±0.48
a
      23.2±2.73

b
        35.1±2.75

c
          47.4±4.07

d
      1311.3       0.001* 

Height            1.7±0.09
a
        1.7±0.10

a
           1.6±0.08

b
           1.6±0.07

b 
         4.462       0.004* 

Weight           58.6±9.76
a
      63.8±9.47

b
        75.2±13.47

c
        77.7±11.30

c
     47.253      0.001* 

BMI               21.1±3.18
a
      22.6±3.80

a
        27.7±4.98

b
          29.3±4.38

b
      60.583       0.001* 

PBF                20.1±9.04
a
      21.9±9.94

a 
       33.5±8.97

b
          38.8±6.42

c
       52.444      0.001* 

BFM              12.04±7.13
a
     14.2±7.62

a 
        25.7±9.95

b
          30.6±8.17

c
      74.118      0.001* 

LBM              46.5±7.87
a
       49.6±8.48

b
        49.5±8.58

b
           47.1±5.74

a
      3.804        0.010* 

TL                  0.8±0.05
a
         0.8±0.05

a
         0.80±0.06

a
            0.8±0.04

a
       3.643        0.013* 

   LL                1.1±8.08
a
          0.9±0.06

b
         1.1±11.97

a
            0.9±0.06

b
        1.539       0.204 

 RS                 31.1±10.80
a
      31.2±11.01

a 
    22.4±8.92

b
           21.9±8.51

b
        15.957     0.001* 

*Indicates significant difference within groups. Superscripts (a,b,c,d). For a particular variable, mean values with different superscript 

are significantly (p<0.05) different. Mean values with same superscripts are not significantly (p>0.05) different. 
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Table III shows the mean and percentiles for RSP for all participants by age and gender. The mean, standard 

deviation, range and 25th, 50th, and 75th percentile scores were determined for four gender/age categories.  

Table IV shows the frequency distribution of RSP categories. The result shows that most of the participants 

had medium squat levels (53.0%). Spearman rank correlation analysis showed a significant inverse 

correlation between gender and RSP (r =  -0.345; p=0.001).  

Table V shows the result of the Pearson’s correlation between RSP and the general characteristics of the 

participants. Significant correlation was found between RSP and each of age, height, weight, BMI, PBF, 

BFM, LBM and TL (p<0.05). However, there was no significant correlation between RSP and LL (p>0.05). 

Pearson’s product moment correlation between RSP and general characteristics participants by gender is 

presented in table VI.  
Regression model was fitted to predict RSP from Age, Height, BMI, PBF, LBM, BFM, TL and LL as the 

independent variables. The regression model for RSP (Y) from the independent variables for all participants 

is: 
Y = B0 + B1 x 1 + B2 x 2 + B3 x 3 + B4 x 4 + B5 x 5 + B6 x 6+ B7x 7 + B8 x 8 

Y = 28.208 + (-0.241) + (20.748) + (1.14) + (2) + (2.045) + (1.464) + (53.921) + (0.064)  

Y = 28.208 - 0.241(Age) + 20.748 (Height) + 1.14 (BMI) + 2(PBF) + 2.045 (LBM) + 1.464(BFM) + 53.921(TL) + 

0.064 (LL) 

The regression model for RSP for males is: 
Y = B0 + B1 x 1 + B2 x 2 + B3 x 3 + B4 x 4 + B5 x 5 + B6 x 6+ B7x 7 + B8 x 8 + B9 x 9 

Y = 220.087 + (-0.333) + (-226.288) + (3.903) + (-13.98) + (1.48) + (-0.66) + (-5.068) + (166.912) + (-0.486) 

Y= 220.087 - 0.333(Age) – 226.288 (Height) + 3.903 (Weight) – 13.98 (BMI) + 1.48 (PBF) -0.66 (LBM) – 5.068 

(BFM) + 166.912 (TL) – 0.486 (LL) 

The regression model for RSP for females is: 
Y = B0 + B1 x 1 + B2 x 2 + B3 x 3 + B4 x 4 + B5 x 5 + B6 x 6+ B7x 7 + B8 x 8  

Y = 28.208 + (-0.241) + (20.748) + (1.14) + (-2) + (-2.045) + (1.464) + (53.921) + (0.064) 

Y = 28.208 -0.241 (Age) + 20.748 (Height) + 1.14(BMI) -2 (PBF) – 2.045 (LBM) + 1.464 (BFM) + 53.921(TL) + 

0.064(LL) 

 

Table III. The mean and percentile data for Repetitive Squatting Performance of all the participants by age and gender 

                      Subject                                                                                                      RSP 

Age  group   Gender     n         Mean±SD       minimum    25th percentile    median  75thpercentile  95thpercentile      maximum 

16-54                M       233         33.5±1.03             9.0               25.0                    34.0              41.0              50.0                50.0 

                           F       212        25±1.02                 6.0              18.0                    23.0              32.0              46.4                50.0 

                     (M+F)     445       29.5±1.11               6.0              20.0                    30.0              38.0              50.0                50.0  

<20                    M       52         34.1±1.05             13.0              25.3                    35.0              43.0              50.0                50.0 

                           F        44         27.5±1.00              7.0              20.0                    29.0               34.0             46.5                50.0 

                     (M+F)      96         31.0±1.08             7.0               23.0                    31.0              39.0              50.0                50.0 

21-30                M         159       34.3±1.00            10.0              28.0                    35.0              41.0              50.0                50.0 

                          F         107       26.4±1.07              9.0               20.0                    23.0              34.0              50.0                 50.0 

                     (M+F)      266       31.2±1.10              9.0               21.0                   31.0              40.0              50.0                50.0 

31-40                M         17         26.2±9.26              9.0              20.5                    25.0                2.0              41.0                41.0 

                          F         36         20.6±8.30              7.0               15.3                    20.0              26.5              36.8                41.0 

                     (M+F)      53         22.4±8.90              7.0              16.5                    21.0               30.0              40.3                41.0           

>40                  M         15          21.1±1.08              6.0              13.0                    19.0              32.0               43.0                43.0 

                          F         15         22.7± 5.70            10.0              17.0                    23.0              27.0              30.0                 30.0 

                     (M+F)      30         21.9±8.50               6.0              17.0                    21.0              27.5              40.3                43.0  

Key: M=Male; F=Female; (M+F) = Male and Female; RSP - Repetitive Squatting Performance 

 

Table IV. Frequency distribution of all participants Repetitive Squatting levels  

                                                          Performance Category 

                                            Poor                Medium             Good               

                                            n(%)                n(%)                    n(%)          χ2       p-value 

___________________________________________________________________ 

Male                                66(60.0)          129(54.7)             48(48.5)      2.79     0.25     

Female                            44(40.0)          107(45.3)            51(51.5)        

All participants              110(24.7)        236(53.0)             99(22.2)          

______________________________________________________________________ 

 Percentiles were used to categorize Repetitive Squatting Performance (RSP) as poor RSP (< 25th percentile),  

medium RSP (25th–75th percentile) and good RSP (>75th percentile).   
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Table V. Pearson’s product correlation between RS and the dependent variables of all the participants (N=445) 

Variable                                                            r                                 p   

  

Age (years)                                                    -0.33                           0.001** 

  

Height (m)                                                      0.21                           0.001**  

Weight (kg)                                                   -0.20                           0.001** 

BMI (kg/m2)                                                  -0.31                          0.001** 

PBF                                                                -0.41                          0.001** 

BFM                                                              -0.38                           0.001** 

LBM                                                               0.16                           0.001** 

TL                                                                   0.20                           0.001** 

LL                                                                   0.02                           0.622 

*p<0.05 **p<0.01 

 
Table VI. Pearson’s product moment correlation of relationship between Repetitive Squatting Performance  

and general characteristics participants by gender 

                                                              Male (n=243)                      Female (n=202) 

Variable                                             r                     p                     r                        p  

Age                                                 -0.33                0.001**         -0.26                0.001** 

Height (m)                                     -0.02                 0.794             -0.03                0.700 

Weight (Kg)                                  -0.27                 0.001**         -0.18                0.009** 

BMI (Kg/m2)                                 -0.29                 0.001**         -0.16                0.023* 

PBF                                                -0.30                0.001**         -0.20                0.005** 

BFM                                              -0.33                 0.001**         -0.19                0.006** 

LBM                                              -0.07                 0.303             -0.11                0.114 

TL                                                   0.05                  0.457              0.01                0.890 

LL                                                  -0.07                 0.264               0.03                0.646 

 

 

Discussion 

This study provides the correlates, predictors and reference ranges for RSP in apparently healthy Nigerians. 

The participants in this study were relatively young. The pattern of anthropometric characteristics of the 

participants with respect to females having higher measures of adiposity and trunk length were consistent 

with previous studies on body composition (with the exception of BMI which is usually higher among 

males) and morphological differences between genders (25, 26).  The mean RSP value of participants in this 

study was (29.5±11.11 reps). Based on percentile scores, a RSP less than 20 reps was considered as poor, 

RSP between 20 and 38 reps was considered medium performance while RSP between 38 and 50 reps was 

defined as good performance.  

Mean values repetitive squatting test have been documented from some previous studies among normal 

adults for different populations (7, 13). The normative data exists for the squat test and these are stratified by 

age, gender, and occupational status (27).  For the purpose of establishing gender and age reference value 

tables for RSP, participants were classified into four age groups <20 years, 21-30yrs,31-40years, >40 years 

respectively. The gender pattern for RSP showed a propensity for higher repetitive squatting among males. 

This pattern is consistent with the study by Alaranta et al. (13) who reported higher mean values of repetitive  

squat test among male white collar workers than their female counterparts (43 ± 10 reps among males vs. 23 

± 12reps among females). In comparison with the study of Alaranta et al (13), the mean RSP value for male 

participants in RSP in the present study was lower; on the other hand, a higher mean RSP value was recorded 

among the females in the current study.   

As observed in this study and also in the comparison study (13), higher mean values of repetitive squat test 

among male individuals was evident across the age categories. Comparison was made only with RSP 

obtained from white collar workers in the previous study because participants in this present study were 

mostly white collar staff, and also students of the University.  Further studies are however warranted on RSP 

values among blue collar workers in this environment. Further, McIntosh et al. (7) also reported higher 

median values of repetitive squat test among males than females. Age-linked strength losses are mainly as a 

result of decline in skeletal muscle mass in men and women. While women may experience earlier strength 

losses than men, overall, age-associated decreases in strength are similar when controlling for muscle mass  
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(28). However, comparison of the reference values obtained in this study with previous reports may be 

difficult. This is because of variations in methodology, sample differences, inconsistent pattern of result 

presentations and variations in the definition and measurement of the construct which may translate into 

considerable discrepancies.   

From the result, participants between the age group of  >40years had lower mean number of squats value, the 

participants between the age group of <20years and age bracket  21-30 years respectively were comparable 

in their mean repetitive squatting but had higher values than the older age group. Repetitive squatting peaked 

among the participants in the 21-30yrs age bracket and declined thereafter. Among the female participants, 

repetitive squatting peaked in the < 20years age bracket and declined thereafter. Among the males however, 

repetitive squatting rose and peaked at age 21-30 before decline. These findings are line with previous 

studies which showed that endurance generally decreases with age (7, 13). 

The finding of this study showed no significant correlation between repetitive squatting and LL among all 

the participants. However, significant correlations were found between repetitive squatting and each of age, 

height, weight, BMI, PBF, BFM, LBM and TL among participants. On gender basis, the result of this study 

showed no significant correlation between repetitive squatting and each of height, LBM, TL and LL among 

the female participants. This findings were similar among the male participants, whose repetitive squatting 

performance correlated only with each of age, weight, BMI, PBF and BFM. In this study, each of the 

adiposity parameters (BMI, LBM) showed an inverse relationship with repetitive squatting. The mean BMI 

(23.3±4.6 Kg/m
2
) and PBF (24.1±10.96) of the participants in this study implied that over 50% of the 

participants were in the healthy BMI and PBF categories respectively. Based on the classification of 

participants into lean, acceptable, moderate, and overweight categories using the percentage body fat level 

classifications, significant differences were found in the repetitive squatting of all participants respectively 

among the various categories. This study revealed lower repetitive squatting among the overweight category 

than the lean, acceptable and moderate categories. This result showed that repetitive squatting decreased with 

increasing level of adiposity. Lastly, the regression analysis result showed that age, BMI, PBF, LBM, TL and 

LL were predictors of repetitive squatting. In the regression equation, total body weight was not a variable 

for predicting repetitive squatting among females, however, height, weight, BMI, PBF, LBM, TL and LL 

reflected better among males. 

 

Conclusion 

This study established a set of reference values for repetitive squatting in healthy Nigerians. Males had 

significant higher repetitive squatting than females. Higher age and adiposity parameters were associated 

with lower repetitive squatting without gender bias. Age and anthropometric parameters were significant 

predictors of repetitive squatting. These values can be used to compare a patient’s score at intake or as an 

outcome measure in clinical practice.  
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