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Testosterone is synthesized from cholesterol 
and is the most important male sex hormone in the body 
[1].  It shows anabolic effects similar to other steroid 
hormones, and plays an important role in reproductive 
function and development of secondary sexual charac-
teristics.  A properly functioning hypotahalamic-pitu-
itary-gonadal (HPG) axis requires a perfect harmony 
and is essential for sexual maturation and development 
of reproductive functions.  Interruption at any level of 
this axis may result in hypogonadism [2].  Young male 
patients with congenital hypogonadotropic hypogo-
nadism (CHH) often consult their physicians because 
of the absence or incomplete pubertal development 
resulting in impaired secondary sexual characteris-
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tics.  Furthermore, decreased muscle mass increases 
the symptoms of malaise, fatigue, and anxiety, and also 
significantly reduces the quality of life in male patients 
with CHH [3].  To restore this imbalance, testosterone 
replacement therapy (TRT) is one of the most com-
monly prescribed therapies in male hypogonadism [4, 
5].  Testosterone increases muscle mass and bone for-
mation by ensuring a positive nitrogen balance [6].  In 
the case of testosterone inadequacy, patients may suf-
fer from osteoporosis and severe muscle weakness [7, 
8].  Either replacement of testosterone at physiological 
doses to patients with male hypogonadism or admin-
istration of supraphysiological testosterone doses to 
healthy individuals is associated with an increased 
muscle mass [9].  However, there is no consensus on 
mechanisms by which testosterone influences mus-
cle mass.  It has been estimated that both muscle fiber 
hypertrophy and myocyte hyperplasia are responsible 
for this increase.  Tucek et al., found testosterone to 
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(15 mIU/mL, 10 mIU/mL and 300 ng/dL respectively).  
The control subjects had normal pubertal development 
and normal serum total testosterone, FSH and LH lev-
els.  None of the patients and the control subjects had 
any acute or chronic disorders or was under any spe-
cific medication including over the counter drugs.  The 
height, weight and waist circumferences of the patients 
and control subjects were measured by their underwear.  
Body mass index (BMI) was computed as the ratio of 
weight to the square of height (kg/m2).  BMI was cat-
egorized as underweight (<18.5 kg/m2), normal (18.5-
24.9 kg/m2), overweight (25-29.9 kg/m2), and obese 
(>30 kg/m2).  Body fat index (BFI, Fat %) was calcu-
lated by the Tanita ™ device, which was also calibrated 
regularly.  Pubertal developments of the patients were 
assessed according to the Tanner Stages. 

Laboratory measurements
For biochemical analyses, all blood samples were 

collected after an overnight fasting from an antecubital 
vein, between 08.00 and 09.00 AM.  The samples were 
centrifuged for 15 minutes at 4000 rpm, aliquoted and 
immediately frozen at -80 ºC for further analyses.  Total 
testosterone, follicle-stimulating hormone (FSH), and 
luteinizing hormone (LH) were measured by chemi-
luminescence immunoassay method using a Unicell 
Beckman & Coulter DXI 800 model device.  After the 
calibration of the weighing equipment, anthropomet-
ric measurements of patients (weight and height) were 
performed in the morning while they were standing in 
an upright position with an empty stomach and without 
shoes and clothing. 

Testosterone replacement therapy
After enrolment, the patients were treated with an 

oil-based injectable blend of four esterized testoster-
one compounds (Sustanon 250 mg; 30 mg testosterone 
propionate, 60 mg testosterone phenylpropionate, 60 
mg testosterone isocaproate and 100 mg testosterone 
decanoate) injected for 3 weeks.  The blood samples 
for the evaluation of the baseline parameters were taken 
before the first testosterone injection.  The patients were 
then reevaluated in the 6th month of treatment.  The 
follow-up visits for the testosterone injection regiment 
group were arranged on the days before the next testos-
terone injection.  Therefore, the time points for taking 
the blood samples were similar for all the patients. 

stimulate weight gain of the levator ani muscle in rats 
by 15%.  This muscle hypertrophy was accompanied 
by the increase in the number of muscle fibers [10]. 

One should have adequate and effective muscle 
volume, muscle strength and endurance level for daily 
movements and regular physical activity.  Muscle 
strength and endurance can be measured with differ-
ent tests such as isokinetic measurement, 30-second 
anaerobic test, and balance testing system [11, 12].  
An increase in muscle mass has been demonstrated 
in several studies of TRT [5, 13].  On the other hand, 
studies on muscular strength and endurance levels 
are quite rare and are mainly focused on patients of 
advance age [4, 5].  As far as we know, there is no 
scientific study examining muscle strength and endur-
ance in young male patients with CHH.  Unlike pre-
vious studies, young male patients newly diagnosed 
with CHH and who have never had TRT before, were 
included in the present study.  Lower extremity mus-
cle strength and endurance were compared both pre-
TRT and post-TRT. 

Material and Method

The study was performed between June 2009 and 
November 2010 in the outpatient clinics of the Gulhane 
Military Medical Academy School of Medicine, 
Departments of Endocrinology and Metabolism.  
Patients with CHH (n = 30, mean age: 21.03 ± 0.93 
years) and healthy control subjects (n = 20, mean age: 
22.15 ± 2.35 years) were enrolled.  The study proto-
cols were approved by the Ethics Committee of the 
Gulhane Military Medical Academy, Ankara, Turkey.  
Patients were informed about the purpose and scope 
of the study.  All subjects voluntarily accepted to par-
ticipate in the study and written informed consent was 
obtained at the beginning. 

The diagnosis of CHH was based on a failure to 
undergo spontaneous puberty before 18 years of 
age and was confirmed by low serum total testoster-
one levels with normal or low gonadotropin levels.  
Additional criteria used for diagnosis included the 
absence of a pituitary or hypothalamic mass lesion on 
magnetic resonance imaging, presence of a gonado-
tropin response to repetitive doses of gonadotropin-re-
leasing hormone, and a normal karyotype (46, XY).  
All patients enrolled in the study had Tanner stages 
of 1 to 2, bone ages below 18 years, and FSH, LH 
and total testosterone levels below the cut-off values 
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mation of the participants were recorded on a com-
puter.  The bicycle seat height was set according to 
the participants’ knee flexion angle of 15-20°.  Then, 
75 grams of weight per kilogram of body weight was 
loaded onto the bicycle’s weight scale.  Firstly, with-
out any weight load, all the participants were asked to 
pedal at maximum speed.  After the two-minute resting 
period, the test was started.  During the test, partici-
pants were asked to pedal for 30 seconds at maximum 
speed and maximum resistance.  After the test, peak 
and average power were assessed.

Statistical analysis
All data were recorded on a computer database and 

analyzed using the SPSS 11.0 package program (SPSS, 
Inc., Chicago, IL, USA).  Results are expressed as 
mean±S.D. Intra-group changes at two time points were 
analyzed by paired samples t-test and chi-square.  Inter-
group differences were analyzed by the Student’s t-test.  
Differences were considered significant at p < 0.05.

Results

The demographic parameters and the laboratory val-
ues of the patients and the healthy control group are 
given in Table 1.  According to the data, the patients 
had similar BMI, but significantly higher BFI when 
compared to the healthy control group.  Six months 
of TRT appears to increase both weight and the height 
(p = 0.046 and p = 0.068 respectively) but signifi-
cantly decreases the BFI values (p < 0.001) of the 
patients, along with a significant improvement in the 
Tanner stages.  These results show that non-fat mass is 
increased in patients with CHH, due to the six months 
of TRT. 

The pre-TRT extension and flexion peak torques 
of both extremities were significantly lower in the 
patients when compared to those of the control sub-
jects (Table 2).  All parameters of the patients were sig-
nificantly improved (p < 0.001 for all) after six months 
of TRT.  There were no significant differences when the 
post-TRT extension and flexion peak torques of both 
extremities were compared with those of the healthy 
control subjects.  The antero-posterior stability index 
(API), mediolateral stability index (MSI) and over-
all stability index (OSI) measures of the patients were 
not significantly different from those of the healthy 
controls.  After the TRT, the OSI values decreased in 
both right and left lower extremities (p < 0.001 and p 

Measurement of muscle strength with isokinetic 
dynamometer

The knee to be tested was placed on the knee flexion-
extension plate of the Cybex Norm device and secured 
with Velcro straps, according to the manufacturer’s 
instructions for isolating knee flexion and knee exten-
sion.  The length of the dynamometer was adapted to 
the length of the knee of each subject.  To synchro-
nise themselves with the testing device, subjects were 
instructed to perform three active repetitions of knee 
movement ranging from maximal flexion to maximal 
extension.  Standard stabilisation strapping was placed 
across the distal thigh and chest, and placements were 
limited to grasping the waist stabilisation strap.  Before 
the testing session started, the subject was allowed a 
10 minute warm up at a light intensity (less than 50 W) 
on a cycle ergometer, followed by a 30 second stretch 
of the quadriceps and hamstring muscles.  Selection 
of the extremity was random.  The same investigator 
performed all the tests.  Subjects were encouraged to 
give 100% effort and received positive feedback dur-
ing testing.  In order to adapt to the test conditions, 
patients were allowed three submaximal contractions 
of the quadriceps and hamstring muscle group at the 
beginning of the tests.  They were given five maximal 
contractions at 60°/sec and 15 maximal contractions at 
180°/sec for each test condition.  The best peak torque 
and power contraction of the five and 15 test contrac-
tions for each test condition were collected for data 
analysis.  Between each condition, the subjects were 
allowed to rest for one minute and gravitational correc-
tions were performed. 

Balance measurement parameters
Measurements of balance and coordination were 

performed using the Biodex device (Balance System 
SD ™, USA) with postural stability mode.  The infor-
mation about the test procedure was given to partici-
pants before the test.  The balance positions of the foot 
were determined and measurements were performed 
both before the trial and during the test on the platform.  
For ensuring compliance with the test, participants on 
the right and left foot 6 / 6 for a period of 60 sec at the 
level of difficulty. 

Anaerobic performance measurement values
Anaerobic performance parameters were measured 

by the Wingate anaerobic performance testing system.  
The name, body weight, height, age and contact infor-
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respectively), while those of the left lower extremities 
were not significantly different. 

Anaerobic performance parameters were also mea-
sured before and after TRT in hypogonadal patients.  
The peak power output (PPO), mean power output 
(MPO) and minimum power output (Min PO) values 
of the patients were significantly lower than those of 

= 0.058 respectively) (Table 2).  When the post-TRT 
values were compared with those of the healthy con-
trol subjects, the OSI values of both extremities were 
significantly lower than the control subjects (p = 0.008 
and p = 0.004 respectively).  In addition, the API and 
MSI values of the right lower extremity were slightly 
lower than the control subjects (p = 0.052 and p = 0.047 

Table 1  The demographic and hormonal characteristics of the patients and the healthy control group. 
Study Group 

Control Group 
(n=20) p1 p2Pre-TRT 

(n=30)
Post-TRT

(n=30)
Age (yr) 21.03±0.93 22.15±2.35 0.371
Height (cm) 172.54±8.12 174.21±8.44 174.15±5.81 0.027 0.046
Weight (kg) 68.60±11.96 70.40±13.83 70.30±8.20 0.044 0.068
BMI (kg/m2) 23.10±3.07 23.57±3.41 23.18±2.45 0.923 0.291
BFI (Fat %) 15.73±3.60 14.08±3.44 13.26±4.30 0.001 <0.001
Total Testosterone (ng/dL) 65.08±56.32 338.59±231.63 482.56±119.67 <0.001 <0.001
FSH (mIU/mL) 0.63±0.34 0.95±1.35 5.43±1.19 <0.001 0.269
LH (mIU/mL) 0.34±0.29 0.82±1.65 5.44±1.05 <0.001 0.189
Tanner Stage 1.5±0.5 3.5±05 5.0±0.00 <0.001* <0.001*

Values are given as mean ± standard deviation.   BMI, Body mass index; BFI, Body fat index; FSH, Follicle-stimulating hormone; 
LH, luteinizing hormone; TRT, Testosterone replacement therapy  p1:Pre-TRT vs. control group, independent-samples t-test    
p2:Pre-TRT vs. post-TRT group, paired-samples t-test   *chi-square

Table 2	 The comparison of the lower extremity isokinetic muscle strength, balance and anaerobic performance parameters of 
the patients and the control group.

Study Group
Control Group

(n=30) p1 p2 p3
Pre-TRT
(n=30)

Post-TRT
(n=30)

Right

EXPT 
(Nm)

60°/sec 90.90±24.71 108.30±29.39 120.20±39.06 0.002 0.225 <0.001
180°/sec 55.93±17.21 68.70±16.31 69.50±20.35 0.014 0.878 <0.001

FXPT 
(Nm)

60°/sec 57.40±19.62 73.66±27.15 74.60±22.11 0.006 0.899 <0.001
180°/sec 48.73±17.45 57.76±17.28 67.05±20.19 0.001 0.088 <0.001

Left

EXPT 
(Nm)

60°/sec 85.20±25.99 101.53±31.28 114.80±36.56 0.002 0.176 <0.001
180°/sec 53.43±15.33 64.30±17.89 67.70±21.05 0.008 0.543 <0.001

FXPT 
(Nm)

60°/sec 57.00±19.72 70.90±24.07 72.90±18.37 0.006 0.754 <0.001
180°/sec 47.80±14.70 58.80±16.21 60.20±15.19 0.006 0.761 <0.001

Right 
API 1.43±0.46 1.39±0.51 1.73±0.68 0.073 0.052 0.537
MSI 1.31±0.50 1.26±0.54 1.57±0.52 0.083 0.047 0.374
OSI 2.09±0.62 1.77±0.59 2.31±0.79 0.284 0.008 <0.001

Left
API 1.39±0.50 1.41±0.53 1.63±0.57 0.131 0.171 0.800
MSI 1.24±0.43 1.25±0.48 1.44±0.59 0.183 0.289 0.838
OSI 1.88±0.66 1.65±0.56 2.12±0.50 0.168 0.004 0.058

PPO (W/Kg) 6.17±1.44 7.52±1.91 11.80±1.69 <0.001 <0.001 <0.001
MPO (W/Kg) 3.49±1.02 4.05±0.93 6.57±0.93 <0.001 <0.001 <0.001
MinPO (W/Kg) 1.95±0.87 2.37±0.85 2.85±0.75 <0.001 0.046 <0.001

The values are given as mean ± standard deviation.   EXPT, Extantion peak torque; FXPT, Flexion peak torque; API, 
Anteroposterior stabilite index; MSI, Mediolateral stabilite indeks; OSI, Overall stability index; PPO, Peak power output; MPO, 
Mean power output; MinPO, Minimum power output; W, Watt; Kg, Kilogram; TRT, testosterone replacement therapy.   p1 : Pre-
TRT study group vs. control group, independent-samples t-test   p2: Post-TRT study group vs. control group, independent-samp-
les t-test   p3: Pre-TRT study group vs. post-TRT study group, paired-samples t-test
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a significant improvement in OSI values.  The body’s 
balance is established according to the information 
from visual, auditory and deep sensory pathways pro-
cessed in the central nervous system.  In particular, the 
transmission of the information through the cerebellum 
to dorsal spinocerebellar tract plays an important role 
here.  In addition, proprioceptive senses also contrib-
ute to the transmission to top centers in the central ner-
vous system [6, 9].  In this sense, it could be argued that 
the increase of the balance parameters in male patients 
with hypogonadism was due to increase in the mus-
cle strength and endurance capacity.  Physiologically, it 
should be expected that a positive relationship between 
the balance parameters of the body posture and the mus-
cle strength might exist.  It is important that there was 
a partial improvement in some of the balance parame-
ters within six months of TRT.  Overall, the lower than 
expected improvement in balance parameters may be 
attributed to the relatively short period of TRT.  The 
follow up data is necessary in order to clarify the lon-
ger term effects of TRT on balance parameters.  

One of the functional tests used to determine lower 
extremity muscular strength and power is the Wingate 
anaerobic power test.  The results of the Wingate anaer-
obic power test show that the anaerobic capacity of the 
patients with CHH significantly improves after the 
TRT.  This might be due to the hypertrophic effect of 
testosterone on muscle cells which causes an increase 
in the anaerobic capacity in male hypogonadal patients.  
So far there have been no reports about the positive 
effect of TRT on the anaerobic capacity in patients with 
hypogonadism.  Further studies are warranted to clarify 
the positive effects of TRT on anaerobic performance 
in men with hypogonadism. 

According to the results of the study, BFI values sig-
nificantly decreased while there were no significant 
alterations in the BMI values.  The data supports the the-
ory that muscle mass increases due to TRT.  The data 
presented in the former reports also support the findings 
in our study.  A review of studies on the effects of TRT 
between 1998 and 2004, demonstrated that TRT leads to 
reductions in BFI [18].  Several other studies reported 
benefits in testosterone supplementation in increasing 
muscle strength and lean body mass while decreasing 
fat mass [19-21].  Physiologically, testosterone increases 
muscle strength by increasing nitrogen uptake.  By act-
ing on pluripotent stem cells, androgens are responsible 
for the growth and change of vascular smooth muscle 
cells, which results in increased muscle strength [22].  

the control subjects (p < 0.001 for all).
The PPO, MPO and Min PO values were signifi-

cantly improved after six months of TRT (p < 0.001 for 
all), but still lower when compared to those of the con-
trol subjects (p < 0.001 for PPO and MPO, p = 0.046 
for Min PO) (Table 2).

Discussion

The results of the present study show that young 
patients with CHH who have never had TRT before, 
have poor lower limb isokinetic muscle strength, bal-
ance and anaerobic performance parameters when 
compared to age and BMI matched healthy control 
subjects.  TRT for six months significantly improved 
the lower limb isokinetic muscle strength, anaerobic 
performance and balance parameters in these patients.  
The post-TRT muscle strength of the patients was simi-
lar to those of the values of the healthy controls.  These 
results show that the positive effects of TRT on muscle 
strength occur in a relatively short period of TRT. 

Isokinetic exercises improve muscle strength and 
health-related quality of life [14, 15].  Isokinetic mus-
cle measurements are often used in sports medicine 
to assess the healing process [15, 16].  In the pres-
ent study, isokinetic quadriceps and hamstring mus-
cle strengths were measured and the response to TRT 
was evaluated.  These two muscle groups were mainly 
examined because they are the major muscles involved 
in daily activities such as walking and running.  As a 
result, both right and left quadriceps and hamstring 
muscle mass were significantly increased after TRT.  In 
addition, this increase was significant at angular veloci-
ties of 60°/sec and 180°/sec in both extremities.  Not all 
the studies however, show similar results for the TRT.  
A previous report showed that oral TRT for 6 months 
had no positive effect on isometric muscle strength in 
patients with late-onset male hypogonadism [7].  This 
may be due to the intensity and duration of muscular 
exercise, as well as patient age, muscle strength, and 
the measurement techniques.  Another reason may be 
that young hypogonadal men are found to benefit sub-
stantially from of TRT.  However, this benefit tends 
to decrease with age due to comorbid diseases that 
increase with aging [17]. 

When the balance parameters in hypogonad patients 
who hadn’t received TRT were compared to those in 
the control group, no significant difference was found.  
However, after these patients received TRT, there was 
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Conclusion

In conclusion, the results of the present study show 
that, patients with CHH have significantly worse lower 
extremity muscle strength and anaerobic performance 
values when compared to age and BMI matched healthy 
counterparts.  Six months of TRT therapy significantly 
improves the above parameters in these patients with a 
significant increase in lean body mass.  Further studies 
with longer follow up periods are warranted to under-
stand the durability of the effects of TRT. 

This study may have several limitations.  The results 
can only show that short term TRT improves muscle 
strength, balance and anaerobic performance.  Follow 
up studies are needed to see whether the effects of TRT 
will endure in the long term.  Also, the sample size may 
look small in number.  But the strict enrolment crite-
ria of the study; young and treatment naive patients 
of CHH free of chronic metabolic disorders, allow us 
to clearly understand the effect of TRT without being 
confounded by other factors.  This study is also the 
first one to evaluate the effect of TRT on the anaerobic 
capacity of patients.  
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