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Abstract

Background: The objective of this study was to investigate the relationships between bone mineral 
density, the level of anaerobic capacity and muscle strength in Korean national amateur male boxers. 

Methods: We carried out a cross-sectional population-based study where fifty-six Korean national 
amateur male boxers were enrolled. The participants’ whole-body bone and regional mineral density 
(BMD) and bone mineral content (BMC) were assessed using dual-energy X-ray absorptiometry as the 
main outcome. The anaerobic capacity was assessed using the Upper and lower Wingate test, and 
muscle strength was assessed using Isokinetic muscle strength and Maximal strength. 

Results: Of the fifty-six boxer, 37.5% were classified as LWC, 32.1% as MWC, and 30.3% as HWC. 
Linear regression analyses showed that the severity of bone variable was associated with upper and 
lower-body anaerobic capacity. Isokinetic muscle strength and Maximal strength were positively 
associated with bone variables.

Conclusions: Within athletes of Korean national amateur male boxers, anaerobic capacity, and muscle 
strength measurements were positively associated with bone variables. Further research is needed to 
elucidate mechanisms underlying this positive association that is, undertaking studies involving effective 
exercise and nutrition supplements treatments, and developing the study designs to facilitate analysis of 
this relationship.

Keywords: Anaerobic power, Bone mineral density, Elite athletes, National amateur boxers, 
Isokinetic muscle strength.
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Introduction

Boxing is a combat sport that requires complex 
energy pathway and physical functions, and is a 

Submitted : 14 November 2019 
Rivised : 25 November 2019
Accepted : 3 December 2019
Correspondence : norman7@kspo.re.kr

high-intensity intermittent combat sport that relies 
mostly on aerobic energy pathway during the 
competition (Slimani et al., 2017). In fact, this energy 
system is reported to contribute to boxers' ability to 
repeat attacks at the highest strength and speed during 
the competition. In contrast, the muscle strength and 
power in both the upper and lower limbs are involved 
in the generation of the explosiveness of punches, and 
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the absolute punch force exceeds 4000 Nm for the 
highly developed elites. Thus, punches occurring during 
the competition are anaerobic metabolic pathways, 
providing energy for short and violent attacks with 
maximum output (Chaabene et al., 2015; Nassib et al., 
2017; Slimani et al., 2017).

Muscle strength and bone mass are closely linked 
throughout lifetime, and previous studies have reported 
a link between parameters of bone and lean body mass 
(Khawaja et al., 2019). However, cross-sectional studies 
showed that athletes involved in sports with high 
muscular contraction or ground-reaction forces on the 
skeleton, such as weight lifting (Nasri et al., 2015) and 
gymnastics (Bolam, Skinner, Sax, Adlard, & Taaffe, 
2016; Nasri et al., 2015), have a higher bone mineral 
density (BMD) at the hip and lumbar spine compared 
to non-athletes. Thus, it is well established that exercise 
may play an important role in improving bone health 
as a result, it is suggested that exercise interventions 
involving resistance training or multicomponent 
exercise are the most beneficial to improve BMD 
(Bolam, van Uffelen, & Taaffe, 2013; Gomez-Cabello, 
Ara, Gonzalez-Aguero, Casajus, & Vicente-Rodriguez, 
2012; Guadalupe-Grau, Fuentes, Guerra, & Calbet, 
2009). However, although it is widely accepted that 
muscle strength has such a significant correlation with 
bone mass, little is known about the relationship 
between maximum power and BMD for boxing athletes. 
In addition, multiple reports examine demonstrated the 
relationship between types of sports and BMD and 
BMC, and demonstrated the relationships between types 
of sports that athletes are concomitant with BMC and 
BMC, there are very few reports demonstrating the 
relationship between BMD and BMC with boxing.

While some studies have reported bone parameter 
differences in male boxers, however, the evidence is 
limited (Sabo, Bernd, Pfeil, & Reiter, 1996; 
Trutschnigg, Chong, Habermayerova, Karelis, & 
Komorowski, 2008). Thus, in order to enhance the 
understanding of the effects of boxing on BMD, the 
studies with a greater subject number need to be 

undertaken with parameters of bone and muscle power 
as the primary outcomes in the male boxers population. 
In addition, the relationship between anaerobic power 
and parameters of bone needs to be more clarified. 
Therefore, the purpose of this study is to investigate 
the relationships between the level of anaerobic capacity 
and muscle strength with bone mineral density (BMD) 
in Korean national amateur male boxers.  

Methods

Study Sample

The study carried out a cross-sectional 
population-based study that enrolled fifty-six Korean 
national amateur male boxers (21.5±2.19yrs, 
177.8±8.30cm, 74.4±18.43kg). Fifty-six male athletes 
were classified into 3 categories light-weight category 
(LWC; the light fly to the light), middle-weight category 
(MWC; the light welter to the middle), and 
Heavy-weight category (HWC; the light heavy to the 
heavy) (Kim, Song, & Min, 2016). Cross-sectional data 
included demographic, and height and body mass were 
measures in a standing position wearing minimal 
clothing following standardized procedures. A body 
mass index (BMI) (kg/m2) was calculated by dividing 
weight (kg) by height in squared (m2).

Bone Parameter Measurements

Bone mass was determined by dual-energy X-ray 
absorptiometry (DXA) scan using the GE Lunar Prodigy 
Advance Scanner (Lunar Prodigy; GE Medical Systems 
Lunar, US). The mass of lumbar spine (vertebrae L2-4) 
and femoral neck (FN) were assessed by the DXA scan 
(Dolan et al., 2012; Khawaja et al., 2019; Nasri et al., 
2015), and positioning for all scans was completed in 
accordance with manufacturer instructions. Bone 
mineral density (BMD) was reported as grams of 
absolute bone mineral content (BMC) per cm2 of 
projected bone area (BA).
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Anaerobic Power assessment: Upper and
lower Wingate test

All out test for Wingate Anaerobic test was 
undertaken using an arm-ergometer (Brachumera 
Sports, LODE, NLD) and cycle-ergometer (Excalibur 
Sports, LODE, NLD) for 30 seconds. Before the test, 
a standard warm-up was executed by the participants 
(single bouts of 3 min at 60 rpm, 50 W). The test started 
after a computer sound simultaneously with the 
beginning of load registration (MacIntosh, Rishaug, & 
Svedahl, 2003). Participants were told to start pedaling 
immediately after the signal, with maximal speed and 
held at maximal levels during the entire test. The load 
was set at 7.5% (4.41J)/kg of body mass, based on 
previous recommendations. Power output was measured 
every second and the highest value was considered the 
Peak Power, whereas the average in the 30-sec period 
was defined as Average Power. Peak Power and 
Average Power were expressed in absolute values (W) 
and relative to body mass (W/kg) as previously reported 
(Franchini, 2019). They had a 60-minute break between 
each Wingate test (Kim et al., 2016). 

Strength assessment: Isokinetic muscle
strength and Maximal strength

On the same day, maximal isokinetic peak torque of 
trunk extension/flexion and knee extension/flexion of 
dominant leg were measured using a HUMAC NORM 
Isokinetic Dynamometer (Humac Norm CSMi, 
Stoughton MA, USA). Prior to testing each movement, 
isokinetic testing procedures were explained and a 
five-minute warm-up was given to participants. The 
participants undertake the maximal test for three-time 
repetitions. Each maximal strength test was carried out 
with an angular speed of 60°/s (velocity of 60°/s) for 
the knee, and an angular speed of 30°/s (velocity of 
30°/s) for the trunk. Maximal peak torques of each 
muscle group were defined as the highest torque 
produced in one trial. Five minute rest periods were 
given between every set of contractions. The maximal 
strength was determined for upper and lower limbs 

through bench press and squat exercise, both performed 
on the Smith Machine (ACE-2000 Multi-function, Ariel 
Dynamics, USA). Bench press at an angular bar velocity 
of 10˚/s approximately 20˚ of the subject’s functional 
range of motion (ROM) of the bar range. Barbell was 
positioned across the boxers’ chest. The athletes held 
the barbell with an initial elbow angle of 90, shoulder 
width (Grooten, Puttemans, & Larsson, 2002). Squat 
exercise was performed at an angular bar velocity of 
10˚/s extension and unloaded flexion close to 15˚ of 
the bar’s range, at the subject’s functional ROM. The 
subject was standing straight with a lever arm of a 
constant length attached to the subject’s shoulders 
(Jablonowsky, Inbar, Rotstein, & Tenenbaum, 1992). A 
short break was provided between each repetition and 
between each set 1min to record the data. The total 
experiment took 10–20min. The subjects were 
instructed to push the bar ‘as fast as possible’ during 
expiration, and they were verbally encouraged to 
perform at their maximal capacity.

Statistical analyses

Statistical analyses were performed using SPSS 22.0 
(IBM Corporation, Chicago, IL). The basic 
characteristics of the study sample were stratified by 
weight category status. The light-weight category 
(LWC), the middle-weight category (MWC), and the 
heavy-weight category (HWC) were compared using the 
x2 test (categorical variables) and Student t-test 
(continuous variables). Moreover, linear regression was 
used to analyze the relationship between bone variables, 
as the dependent variable, and several measures of 
anaerobic power and muscle strength, as independent 
variables. In addition, the regression model of both 
unadjusted results and adjusted results with age and 
BMI were used. The threshold for statistical significance 
was considered with a p-value < .05.

Results

At baseline, the mean age of the study participants 
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was 21.5 years (± 2.19 SD). Table 1 presents the 
characteristics of LWC (n=21, 37.5% of total), MWC 
(n=18, 32.1%), and HWC (n=17, 30.4%) participants. 
The differences among the three groups were 
significant. Differences were significant in age (p = 
0.012), height (p = 0.000), body weight (p = 0.000), 
body fat (p = 0.000), BMI (p = 0.000), L2-4 BMD (p 
= 0.000), L2-4 BMC (p = 0.000), L2-4 BA (p = 0.000), 
FN BMD (p = 0.000), FN BMC (p = 0.000), and FN 
BA (p = 0.000) between the groups (table 1).

The upper-body anaerobic Average power was 
correlated to L2-4 BMD (p = 0.001), L2-4 BMC (p 
<0.001), FN BMD (p < 0.001), and FN BMC (p < 
0.001). Of the specific area, Maximal power was 
significantly correlated to L2-4 BMD (p < 0.001), L2-4 
BMC (p < 0.001), FN BMD (p < 0.001), and FN BMC 
(p < 0.001). Power drop rate was significantly correlated 
to L2-4 BMD (p = 0.003), L2-4 BMC (p <0.001), FN 
BMD (p = 0.002), and FN BMC (p < 0.001). Total 
KPM presented significant correlated with L2-4 BMD 

(p = 0.001), L2-4 BMC (p <0.001), FN BMD (p < 
0.001), and FN BMC (p < 0.001) (table 2).

Lower-body anaerobic maximal power was positively 
correlated to L2-4 BMD (R2 = 0.275; p < 0.001), L2-4 
BMC (R2 = 0.483; p <0.001), FN BMD (R2 = 0.308; 
p < 0.001), and FN BMC (R2 = 0.510; p < 0.001). 
Average power was positively correlated to L2-4 BMD 
(R2 = 0.266; p < 0.001), L2-4 BMC (R2 = 0.490; p 
<0.001), FN BMD (R2 = 0.327; p < 0.001), and FN 
BMC (R2 = 0.545; p < 0.001) (figure 1).

Knee flexor and extensor was significantly correlated 
to L2-4 BMD (p = 0.001, p < 0.001; respectively), L2-4 
BMC (p < 0.001, p < 0.001; respectively), FN BMD 
(p < 0.001, p < 0.001; respectively), and FN BMC (p 
< 0.001, p < 0.001; respectively). Trunk flexor and 
extensor was significantly correlated to L2-4 BMD (p 
< 0.001, p < 0.001; respectively), L2-4 BMC (p < 0.001, 
p < 0.001; respectively), FN BMD (p < 0.001, p < 
0.001; respectively), and FN BMC (p < 0.001, p < 
0.001; respectively). Chest press was significantly 

Variable Full Sample, 
n = 56

LWC, 
n = 21 (37.5%)

MWC, 
n = 18 (32.1%)

HWC, 
n = 17 (30.4%) p Value

Age, y, mean (SD) 21.5 (2.19) 21.0 (2.10) 20.9 (1.80)) 22.8 (2.24) .012

Height, cm, mean (SD) 177.8 (8.30) 171.2 (4.73) 177.2 (5.29) 186.5 (6.34) <.001

Weight, kg, mean (SD) 74.4 (18.43) 57.6 (4.90) 72.6 (4.66) 97.0 (14.08) <.001

Body fat, %, mean (SD) 13.0 (6.38) 9.2 (1.95) 12.4 (3.08) 18.4 (8.68) <.001

Body Mass Index, kg/m2, mean (SD) 23.3 (4.32) 19.7 (1.39) 23.1 (1.64) 27.9 (4.30) <.001

L2-4 BMD, g/cm2, mean (SD) 1.4 (0.14) 1.3 (0.13) 1.4 (0.12) 1.5 (0.10) <.001

L2-4 BMC, g, mean (SD) 72.5 (12.41) 61.8 (9.04) 73.7 (7.94) 84.5 (7.42) <.001

L2-4 BA, cm2, mean (SD) 50.4 (4.97) 45.8 (3.13) 50.9 (3.33) 55.5 (2.15) <.001

FN BMD, g/cm2, mean (SD) 1.3 (0.17) 1.2 (0.16) 1.3 (0.12) 1.4 (0.12) <.001

FN BMC, g, mean (SD) 6.9 (1.14) 5.9 (0.80) 7.1 (0.69) 8.0 (0.76) <.001

FN BA, cm2, mean (SD) 5.4 (0.37) 5.1 (0.25) 5.5 (0.40) 5.6 (0.17) <.001

Abbreviations: Values are mean and standard deviation.
LWC, light weight category; MWC, middle weight category; HWC, heavy weight category; BMD, bone mineral density; 
BMC, bone mineral concentration; BA, bone area; L2–4, lumbar vertebrae 2–4; FN, femoral neck.

Table 1. Characteristics of study participants by group
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Upper Anaerobic Power

Average power (W) Maximal power (W) Power drop rate (%) Total KPM (J)

β P β P β P β P

L2-4 BMD (g�cm-2)

  Unadjusted .416 .001 .533 <.001 .386 .003 .416 .001

  Fully adjusted+ .159 .328 .446 .084 .151 .302 .160 .323

L2-4 BMC (g)

  Unadjusted .577 <.001 .712 <.001 .511 <.001 .577 <.001

  Fully adjusted+ .326 .028 .868 <.001 .254 .059 .326 .027

FN BMD (g�cm-2)

  Unadjusted .547 <.001 .647 <.001 .403 .002 .546 <.001

  Fully adjusted+ .211 .132 .333 .139 .045 .728 .210 .134

FN BMC (g)

  Unadjusted .695 <.001 .801 <.001 .479 <.001 .695 <.001

  Fully adjusted+ .367 .003 .692 <.001 .083 .469 .366 .003

Abbreviations: β, completely standardized regression coefficient. 
LWC, light weight category; MWC, middle weight category; HWC, heavy weight category; W, watts; Nm, newton meter; 
BMD, bone mineral density; BMC, bone mineral concentration; L2–4, lumbar vertebrae 2–4; FN, femoral neck.
+Adjusted for age, BMI.

Table 2. Association Between Upper Anaerobic Power With Measures of Bone Variables.

Figure 1. Association between Lower Anaerobic power and Bone Variables. Arithmetic mean of L2-4 BMD, L2-4 BMC, FN 
BMD, and FN BMC.
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correlated to L2-4 BMD (p = 0.004), L2-4 BMC (p 
< 0.001), FN BMD (p = 0.002), and FN BMC (p < 
0.001). Squat was significantly correlated to L2-4 BMD 
(p = 0.002), L2-4 BMC (p <0.001), FN BMD (p = 
0.002), and FN BMC (p < 0.001) (table 3).

After adjusting for BMI and age, Upper anaerobic 
Average power, Maximal power, and Total KPM 
remained positively correlated to L2-4 BMC (p = 0.028, 
p < 0.001, p = 0.027; respectively), and FN BMC (p 
= 0.003, p < 0.001, p = 0.003; respectively). After 
adjusting for BMI and age, knee and trunk 
flexor/extensor remained positively correlated to L2-4 
BMC (p = 0.001, p < 0.002, p < 0.001, p < 0.001; 
respectively), and FN BMC (p = 0.021, p < 0.001, p 
= 0.005; respectively). However, Knee extensor was not 
significantly correlated to FN BMC, whereas Trunk 
extensor was only significant correlated to L2-4 BMD 
(p = 0.002) (table2 and table 3).

Discussion

In this study, this study examined the association 
between Bone mineral density and physical performance 
(anaerobic capacity and muscle strength assessment) in 
Korean national amateur male boxers. To the best of 
our knowledge, this is one of the first studies describing 
the relationship between BMD and anaerobic power in 
Korean national amateur male boxers. The results of 
this study showed significant correlation between 
parameters of bone (BMD and BMC) and anaerobic 
power (Upper and lower Wingate test), and between 
parameters of bone (BMD and BMC) and the muscle 
strength (Isokinetic muscle strength and Maximal 
strength) as the major findings. The presences of these 
relationships were not surprising given the 
well-established positive muscle-bone relationship 
(Edwards et al., 2013; Frank, Lorbergs, Chilibeck, 

Isokinetic Muscle Strength Maximal Strength
Knee strength (60˚/sec) Trunk strength (30˚/sec) Chest press 

(kg)
Squat 
(kg)Flexion PT 

(Nm)
Extension PT 

(Nm)
Flexion PT 

(Nm)
Extension PT 

(Nm)
β P β P β P β P β P β P

L2-4 BMD (g�cm-2)

  Unadjusted .423 .001 .504 <.001 .477 <.001 .608 <.001 .382 .004 .415 .002

  Fully adjusted+ .136 .430 .306 .109 .272 .095 .545 .002 -.069 .753 .145 .401

L2-4 BMC (g)

  Unadjusted .660 <.001 .674 <.001 .673 <.001 .687 <.001 .574 <.001 .505 <.001

  Fully adjusted+ .490 .001 .539 .002 .506 <.001 .597 <.001 .272 .175 .186 .245

FN BMD (g�cm-2)

  Unadjusted .467 <.001 .488 <.001 .468 <.001 .552 <.001 .607 <.001 .487 <.001

  Fully adjusted+ -.007 .962 -.044 .795 .077 .592 .161 .311 .263 .162 .083 .583

FN BMC (g)

  Unadjusted .671 <.001 .661 <.001 .707 <.001 .699 <.001 .697 <.001 .616 <.001

  Fully adjusted+ .303 .021 .219 .141 .397 .001 .385 .005 .287 .087 .207 .121

Abbreviations: β, completely standardized regression coefficient. 
LWC, light weight category; MWC, middle weight category; HWC, heavy weight category; Nm, newton meter; BMD, bone 
mineral density; BMC, bone mineral concentration; L2–4, lumbar vertebrae 2–4; FN, femoral neck.
+Adjusted for age, BMI.

Table 3. Association Between Isokinetic Knee strength and Maximal Strength With Measures of Bone Variables.
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Farthing, & Kontulainen, 2010), Moreover, the result 
of this study reinforces the importance of muscle 
strength for bone health. And previous studies have 
reported the associations of muscle mass with BMC and 
BMD (Khawaja et al., 2019).

Multiple studies have found that BMD is higher in 
athletes participating in high-impact loading and 
multidirectional loading sports including volleyball, 
basketball, gymnastics, boxing, and softball. In contrast, 
the population of athletes participating in running, 
bicycling, swimming, rowing, and cross-country 
running had lower average BMD. Based on these 
results, the bone stress associated with exercise has been 
shown to be effective in maintaining and increasing the 
BMD, and the bone load appears to be increasing in 
parallel with the increased strength of exercise 
(Arasheben, Barzee, & Morley, 2011). Similarly, the 
short and forceful stimulation induced by bone loading 
activities has a greater increase in BMD compared to 
long, moderate, repetitive stresses. Multiple studies have 
demonstrated a congruent positive correlation between 
muscle strength and BMD and have indicated that peak 
BMD is influenced by acquired muscle mass (Khawaja 
et al., 2019). Our results agree with the results of 
previous studies, and demonstrated a positive 
correlation between isokinetic muscle strength and 
maximal strength with BMD (Table 3.). In the same 
way, In particular, the Judo and Karate athletes, who 
practice a high-intensity loading sport, had greater 
muscle strength and BMD values compared with the 
other athletes. Furthermore, previous studies have 
shown that athletes practicing judo and taekwondo have 
bigger BMDs compared to runners.(Nasri et al., 2015). 
Therefore, believe that the benefits of bone density may 
be related to long-term combat sports practices.

This study demonstrated a positive correlation 
between upper-body anaerobic average power and 
maximal power with BMD and BMC (L2-4 and FN; 
respectively). Although, there is no prior study on the 
skeletal value and anaerobic power to compare directly, 
Emeterio et al., (2011) confirmed the correlation 

between the skiers' countermovement jump and BMD 
by suggesting the effect of training. Bone mineralization 
is stimulated by activities inducing impacts on the bone, 
such as jumping, and these activities may provide 
stimulations that induce muscular strength improvement 
of the legs. This will account for a significant 
relationship between changes in the BMD and CMJ in 
L2-L4 (Alvarez-San Emeterio, Antunano, 
Lopez-Sobaler, & Gonzalez-Badillo, 2011). After 
adjusting for age and BMI, anaerobic power and muscle 
strength remained significantly correlated to BMC, 
whereas BMD was not significantly correlated to 
anaerobic power and muscle strength. Accordingly, the 
relationships between specific physical performance and 
bone variables in amateur male boxers seem to be 
influenced by age and BMI. In addition, power drop 
rate also failed to correlate after adjusting, which is 
believed to be related to other physiological 
mechanisms, not age or BMI.

There are some limitations to this study to be 
commented on. First, this is a cross-sectional study, and 
we can only report the association and not infer 
causality. Second, a relatively small sample size that 
includes subjects from a single organ. Third, 
multi-instrument research involving more subjects is 
needed to confirm the results of this study.

Conclusions

In conclusion, current research shows that BMD and 
BMC are positive factors determining the anaerobic 
power and maximal power of Korean national amateur 
male boxers. Also, our research shows that maximum 
power is an independent determinant of FN BMD and 
L1-L4 BMD in male boxers. Our study is one of very 
few studies that demonstrated positive correlations 
between maximum power and bone variables in amateur 
male boxers. However, additional studies are needed to 
confirm or refute our findings. Further research is 
needed to elucidate mechanisms underlying this positive 
association, that is, undertaking studies involving 
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effective exercise and nutrition supplements treatments, 
and developing the study designs to facilitate analysis 
of this relationship.
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