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The bone mineral density and isokinetic knee strength in amputee
soccer players
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SUMMARY

OBJECTIVE: The aim of this study was to examine the isokinetic knee strength, H/Q ratio (%), and bone mineral density values between amputees
(n=14; amputee soccer players) and healthy football players (n=14; non-amputee soccer players).

METHODS: A total of 28 amputee soccer players and non-amputee soccer players participated in the study. Anisokinetic dynamometer was used to
determine the knee flexion/extension forces of the dominant legs of the athletes at 60, 180, and 240°/s. Bone mineral density scans were performed
using dual-energy X-ray absorptiometry.

RESULTS: H/Q ratio and 60%s flexion and 180 and 240%s flexion/extension strength (p<0.05) were found to be high (180%s, p=0.03; 240%s, p=0.048)
in the non-amputee soccer player group. Accordingly, the bone mineral density values of the lumbar vertebra, femoral neck, proximal metaphysis of
the femur (p<0.01), tibia/fibula proximal metaphysis, and tibia/fibula distal metaphysis (p<0.05) were found to be high. A correlation was observed
between the 60%s knee extension strength and tibia/fibula diaphyseal bone mineral density (p=0.025; r=0.594) and tibia/fibula distal metaphysis
bone mineral density (p=0.017; r=0.623) values in the amputee soccer players group. The Z-scores of the amputee soccer players and non-amputee
soccer players were in the expected range according to age (>-2).

CONCLUSION: The bone mineral density, H/Q ratio, and all measured angular velocities of isokinetic strength were high in non-amputee soccer
players. This finding made us think that lower extremity amputation may also be associated with losing strength. However, it was observed that the
relationship between strength and bone mineral density in amputee athletes might vary according to different angular velocities. It is recommended
that isokinetic strength measurement can be evaluated together with bone mineral density in athletes.
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INTRODUCTION

Although there are various types of para-sports events, the

have shown a positive relationship between muscle mass
and bone health®”.

popularity of amputee football is spreading rapidly around the
world and the awareness of the sport is increasing’. Amputee
football players are required to run forward, move backward,
turn around in their own axis, move laterally, show a high level
of balance, and jump using single leg and forearm crutches
while playing on the field™

The low bone mineral density (BMD) experienced by
amputees leads to an increased long-term risk of hip fra-
gility fractures®. Therefore, physical exercise is extremely
beneficial to increase BMD and bone mineral content as a
potent protective factor to limit the occurrence of osteo-
penia, which leads to the development of osteoporosis®.
Regarding the effects on muscle tissue, many studies inves-

tigating sports practice or resistance training during growth

BMD is influenced by a variety of factors such as mechan-
ical forces, hormonal changes, and exercise. The mechanical
forces are, in part, influenced by muscle strength®’.

When the literature is examined, different findings are
found in BMD values in studies conducted with amputees
and healthy individuals. However, it has been observed that
the findings related to the subject of athletes are insufficient'®!".
No study has been found in the literature investigating the rela-
tionship between isokinetic strength values and BMD (femur/
tibia regions) of amputee soccer players (ASPs) and non-ampu-
tee soccer players (NASPs). In this study, the isokinetic mus-
cle strength, BMD, and hamstring/quadriceps strength ratio
of the dominant legs were evaluated together, and the differ-
ences between the groups were analyzed in ASPs and NASPs.
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The bone mineral density and isokinetic strength

METHODS

Participants

Male amputee (n:14, age 29.21+5.87 years, height 172.50£8.04
cm, weight 76.71+16.26 kg, years in the sport 8.50+4.53 years,
and amputation time 18.07%6.86 years) without any history
of knee injury and non-amputee soccer (n:14, age 24.21+3.11
years, height 176.9245, 92 cm, weight 73.85+8.42 kg, and
years in the sport 10.35+0.53 years) voluntarily participated
in the study. The lower extremity amputee levels of ASPs were
determined as transtibial amputation, knee disarticulation, and

transfemoral amputation.

Procedure

All athletes gave their informed consent according to the
Declaration of Helsinki, and all experimental procedures were
approved by the ethics committee of Ondokuz Mayis University,
Samsun, Turkey (No. 2017/164). All athletes voluntarily par-
ticipated in the study and signed the voluntary consent form.
Isokinetic strength measurements were performed in the sports
sciences performance laboratory, and BMD measurements were
made in the Nuclear Medicine Laboratory of the University
Hospital (13:00 to 14:30). Athletes were asked not to partic-
ipate in training and to be rested the day before and on the
day of the test. Isokinetic knee extension/flexion strength and
BMD measurements were performed on the intact leg for ASPs
and the dominant leg for NASPs.

Assessment of muscle strength

A computer-controlled isokinetic dynamometer (Humac
Norm Testing and Rehabilitation System, CSMI, USA) was
used to measure the knee extension and flexion strengths
of the athletes. Before the measurement, the athletes were
asked to pedal for 5 min on the bicycle ergometer to warm
up, and then stretching movements for the lower extremi-
ties were performed. The isokinetic strength measurement
protocol in Cybex was evaluated as slow (60°/s) and fast
(240°/s; 180°/s)2.

In the fixed protocol of the dynamometer, the knee exten-
sion and flexion measurements of the athletes were performed
at angular velocities of 60°/s (15 s rest after four repeat trials
and five repeats of the main test), 180°/s (four repeat trials,
15 s rest, and then five repeats of the main test), and 240°/s
(four repeat trials followed by 15 s rest and 15 repeats of
the main test), respectively. The rest intervals of 30 s were
given to the athletes during the transitions between angu-
lar velocities'. The force values obtained in the tests were

recorded in Newton meters.
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Measurement of bone density

BMD measurements of the athletes were performed using
the dual-energy X-ray absorptiometry (DEXA, Hologic
QDR-2000, Discovery Series; Hologic, Inc., Waltham,
MA, USA) device. For the lower extremity region, the
femur and tibia/fibula regions of the dominant leg of the
NASPs and the non-amputated leg of the ASPs were visu-
alized, and BMD (g/cm?) was determined by drawing the
relevant areas from each bone as proximal metaphysis, dis-

tal metaphysis, and diaphysis.

Data analysis

The SPSS 22.0 package program was used for the statistical
analysis of the data obtained. An independent sample t-test
was used for the group comparisons, whereas a Pearson cor-
relation test was used to determine the relationships between
the parameters. The alpha value was accepted as <0.05. When
type I error (o) was 0.05 and type II error (B) was 0.20, at
least 13 athletes were calculated by the power analysis with the
NCSS-Pass v.2008 software.

RESULTS

BMD values were found to be high in the femur proximal metaph-
ysis (Figure 1A, p=0.0001), tibia/fibula proximal metaphysis
(Figure 1D, p=0.021), tibia/fibula distal metaphysis (Figure 1E
p=0.021), lumbar vertebra (Figure 1G, p=0.006), and femoral
neck (Figure 1H, p=0.000) in the NASP group. In the NASP
group, 60°/s flexion (p=0.018), 180, and 240°/s flexion/exten-
sion strength was found to be high (p<0.01). No significant
difference was found in the 60°/s extension strength (p=0.56).
H/Q ratios of 180°/s (p=0.03) and 240°/s (p=0.048) were found
to be significantly higher in the NASP group (Figure 2). In the
NASP group, no correlation was observed between isokinetic
knee strength parameters and BMD values in the leg regions.
In the ASP group, a correlation was observed between the
60°/s knee extension strength and tibia/fibula diaphyseal BMD
(p=0.025; r=0.594) and tibia/fibula distal metaphysis BMD
(p=0.017; r=0.623) values (Figure 3).

There was no significant differences femur diaphysis (Figure
1B), femur distal metaphysis (Figure 1C), tibia/fibula diaph-
ysis (Figure 1E), radius/ulna (Figure 1I) BMD between ASP
and NASP (p>0.05).

DISCUSSION

In this study, the BMD values were examined separately by
dividing the lower extremity into separate groups, and for the
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Figure 1. Findings and significance levels of athletes’ bone mineral
densities. A significant difference was found in the bone mineral
density values of femur proximal metaphysis (1.38+0.03), tibia/fibula
proximal metaphysis (1.08+0.03), and tibia/fibula distal metaphysis
(0.95+0.03) (p<0.05). There was no significant difference in the bone
mineral density values of femur diaphysis, femur distal metaphysis,
and tibia/fibula diaphysis (p>0.05). A significant difference was found
inthe bone mineral density values of the lumbar vertebra and femoral
neck (p<0.05). There was no significant difference in the radius/ulna
bone mineral density values (p>0.05). (A) Femur proximal metaphysis.
(B) Femur diaphysis. (C) Femur distal metaphysis. (D) Tibia/Fibula
proximal metaphysis. (E) Tibia/Fibula diaphysis. (F) Tibia/Fibula distal
metaphysis. (G) Lumbar spine (L1-L4). (H) Femur neck. (I) Radius/Ulna.

first time, their relationship with the isokinetic knee strength
was evaluated.

Among the BMD parameters of the athletes, the lumbar
vertebra and femoral neck were found to be significantly higher
in the NASP group in our study. No significant difference was
detected in the radius/ulna BMD value. BMD increases in ath-
letes who continue high-impact loads in training and competi-
tion'. The occurrence of situations such as sprinting, jumping,
sudden acceleration and deceleration, and change in direction
in the soccer game also includes different loads on the muscles
and bones and the ground reaction force. Thus, BMD devel-
ops most effectively with activities that produce greater loads
on the bone, such as soccer'. From this point of view, we can
predict that players who have been doing soccer training for

many years and who are more exposed to loads may also show
higher BMD values.
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Figure 2. Findings of isokinetic knee strength and H/Q values of the
dominant legs of the athletes. The non-amputee soccer players group
had a higher flexion strength of 60 (100.07+8.26), 180 (74.57+4.22),
and 240%s (68.07+3.23) (p<0.05). Additionally, a significant difference
was observed in the 180 (137.21+6.83) and 240°s (120.64+6.50)
extension strength (p<0.05). There was no significant difference in
60%s extension strength (p>0.05). A significant difference was found
inthe 180%s (54.64+1.89) and 240%s (57.00+2.37) H/Qratio (p<0.05).
No significant difference was found at 60%s (p>0.05).
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Figure 3. Significant correlation findings between dominant leg bone
mineral density values and peak torque in the amputee soccer players
group. A correlation was observed between the 60%s knee extension
strength and tibia/fibula diaphysis bone mineral density (p=0.025;
r=0.594) and tibia/fibula distal metaphysis bone mineral density
(p=0.017; r=0.623) values in the amputee soccer players group.

In our study, high BMD values were found in the NASP
leg regions of the femur proximal metaphysis, tibia/fibula
proximal metaphysis, and tibia/fibula distal metaphysis.
No significant difference was found in the BMD values of
the athletes’ femoral diaphysis, femur distal metaphysis, and
tibia/fibula diaphysis.

It is plausible that there is a dynamic and dependent
physiological link between muscle strength and BMD.
However, it is known that multiple factors also affect BMD

apart from the forces originating from muscle contraction.
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These factors include nutrition, age, hormones, impact, and
genetics'®. The reason for the high BMD values of NASPs
may be that the leg area is exposed to more intense training
compared to ASPs.

Some studies have suggested that the skeletal and muscu-
lar systems are structurally interdependent, and both adapt to
mechanical loading. It is stated that, this way, muscle move-
ment provides a stimulus for bone remodeling by pulling on
the bone where the tendon attaches, and the skeleton adapts to
the increasing magnitude of loading by accumulating bone".
Accordingly, it was thought that the findings of our study also
affected the regional training of the athletes and the parts of
the muscles at the attachment points.

In our study, 60°/s flexion and 180 and 240°/s flexion/
extension strengths were high in the NASP group. H/Q
ratios of 180 and 240°/s were significantly high in the
NASP group. When the literature was examined, no study
was found comparing the isokinetic knee strength values of
ASPs and NASPs.

According to the literature, the high muscle strength val-
ues of soccer players can be explained by the fact that soccer
includes various technical skills such as kicking, jumping,
and landing, as well as the fact that strength exercises have
an important place in training planning. Based on the find-
ings of our study, it can be said that, due to the less active
condition of ASPs, the muscle groups tend to be more atro-
phic and weaker.

Based on the H/Q ratios obtained in our study, it can be
said that the risk of injury in ASPs is higher compared to NASPs
as the H/Q ratios of both groups were found to be lower than
the norm values indicated in the literature. The norm values
of H/Q ratios are accepted as 50—70% for 60°/s'®and 70-90%
for 180°/s'°. The reason for the low H/Q ratios of both ASPs
and NASPs can be shown as unilateral exercises in both groups
and the neglect of the hamstring muscle group. H/Q ratios out-
side of the norm can pose a risk for joint and muscle injuries.

In our study, there was no correlation between the isoki-
netic knee strength parameters and leg region BMD values in
the NASP group. In many studies, muscle strength and BMD
values of athletes were found to be higher than non-athletic
controls. The relationship between muscle strength and BMD
was stronger in those with low-to-moderate physical training?*.
However, less or no relationship was observed between mus-
cle strength and BMD in highly trained individuals. Such a
relationship was not found in women athletes participating in
sports that involve heavy body load such as soccer’. Such a rela-
tionship was not found in ice hockey athletes". Based on these
studies, it was concluded that high physical activity weakens
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this association. However, there are many studies reporting a
relationship between muscle strength and BMD?***. These con-
flicting results may be due to individual differences in athletes
and training protocols.

In our study, a correlation was observed between 60°/s knee
extension strength value and tibia/fibula diaphysis BMD and
tibia/fibula distal metaphyseal BMD values in the ASP group.
No correlation was found between the isokinetic knee strength
parameters and leg region BMD values.

While few studies were found in the literature on isokinetic
knee strength and BMD in amputees, these current studies do
not focus on the relationship between isokinetic knee strength
and BMD values of the leg regions.

Tugcu conducted a study with individuals with trans-tibial
amputation and did not find a relationship between 30 and
120%/s knee muscle strength and femoral neck, total femur, and
tibia BMD values™. The lack of strong correlations between
many strength measurements and bone densities may be because
strength is not only dependent on the size of the muscle attached
to the bone but also on neural action to the muscle'®. This can

weaken the relationship between strength and bone.

CONCLUSION

The BMD, H/Q ratios, and all measured angular velocities
of isokinetic strength were high in NASPs. This finding made
us think that lower extremity amputation may also be asso-
ciated with losing strength. However, it was observed that
the relationship between strength and BMD in amputee
athletes might vary according to different angular velocities.
It is recommended that isokinetic strength measurement can
be evaluated together with BMD in athletes. A limitation of
this study is that the biochemical parameters that affect the
BMD of the participants were not measured. Additionally,
the small sample size and the sample consisting of only males
can be seen as limitations of the study. Not being able to
determine the effects of training protocols of participants
on individual differences is also considered another limit-

ing factor of the study.
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