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Chapter 7 
 

The effects of hybrid cycling on lower-body soft tissue 
composition and bone density in people with long-

term spinal cord injury: a randomized controlled trial  
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Abstract  

Objective: To investigate the effects of hybrid cycle exercise on soft tissue composition of 
the legs, proximal tibia and distal femur bone mineral density (BMD), and bone turnover 
markers in people with long-term spinal cord injury (SCI). 
Trial design: Open, explanatory, parallel-group randomized controlled trial. 
Setting: Two rehabilitation centers with a specialized SCI unit.  
Participants: Physically inactive and wheelchair-dependent individuals with long-term 
SCI (aged 28–65; time since injury ≥ 8 years; age at onset SCI ≥ 18 years). 
Interventions: The experimental group received a 16-week hybrid cycle (voluntary arm 
exercise combined with functional electrical stimulation (FES)-induced leg exercise) 
training program, while the control group received a 16-week handcycle program.  
Outcome measures: soft tissue composition of the legs (lean and fat mass), proximal 
tibia and distal femur BMD, and bone turnover markers (procollagen type 1 amino-
terminal propeptide (P1NP) and cross-linked C-telopeptide (CTX)) were obtained in the 
week before and after the training program. 
Randomization: block randomization (block size 6; allocation ratio 1:1; no stratifica-
tion). 
Results: Thirty-six people were included, of which 20 participants (10 hybrid cycle, 10 
handcycle) completed the study and were analyzed for all outcome measures. Following 
the 16-week program, lean mass of the legs was increased with 0.86 ± 0.26 kg (p = 0.029) 
in the hybrid cycle group, and decreased with 0.78 ± 0.27 kg (p = 0.045) in the handcycle 
group. For fat mass of the legs, an overall reduction of 0.35 ± 0.13 kg (p = 0.03) was 
found. For proximal tibia and distal femur BMD, no significant main effects for time 
were observed. Furthermore, there was an overall reduction of 3.6 ± 1.7 μg/L (p = 0.05) in 
P1NP, and no significant overall change over time (p = 0.53) for CTX. No significant 
differences over time between the two training groups were found for leg fat mass, 
proximal tibia and distal femur BMD, P1NP and CTX. 
Conclusion: Hybrid cycling leads to improvements in soft-tissue composition of the legs, 
but does not improve proximal tibia and distal femur BMD, and bone turnover makers. 
Trial registration: Netherlands Trial Register (NTR), no. 2855. 
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Introduction 

Adverse soft tissue composition changes and bone mineral density (BMD) loss in the 
lower extremities are common complications in people with long-term spinal cord injury 
(SCI).104,143 The soft tissue composition changes (i.e. muscle atrophy and increased 
adiposity) are associated with several metabolic disorders, such as insulin resistance and 
cardiovascular disease.12,13 The BMD loss results in osteoporosis,91 leading to an increased 
risk of (low-impact) fractures, especially in the proximal tibia and distal femur.131,167  

Inactivity of the lower extremities is an important factor in this sublesional change in 
body composition. From previous research, it is known that reactivating the paralyzed 
lower-limb musculature by functional electrical stimulation (FES) can improve soft tissue 
composition in people with long-term SCI.11 Moreover, it is known that mechanically 
reloading the bones by activating the paralyzed muscles, alters the activity and balance 
between osteoblasts (bone formation) and osteoclasts (bone resorption), which conse-
quently results in BMD improvements. Therefore, lower-limb exercise is important to 
prevent or reverse lower-body adverse soft tissue composition changes and BMD loss in 
people with long-term SCI. 

Several studies were performed to examine the effects of FES-induced leg exercise 
alone on lower-body soft tissue composition11 and proximal tibia and/or distal femur 
BMD.14,29,138 In these studies, the outcome measures were assessed using dual-energy X-
ray absorptiometry (DXA), a commonly used technique to measure whole body and 
regional body composition. Standard DXA protocols are available to accurately measure 
soft tissue composition of the legs. However, proximal tibia and distal femur BMD are 
not standard measurement sites, and can therefore only be measured using a customized 
DXA protocol. In the literature, there is inconsistency regarding the adapted scan and 
analysis protocols used to measure these sites, and the described protocols lack important 
methodological details and were not tested on reliability.e.g.14,29 Therefore, Bakkum et al.8 
developed a reliable DXA method that can detect small proximal tibia (~0.05 g/cm2) and 
distal femur (~0.08 g/cm2) BMD changes over time. Besides the above-described incon-
sistency regarding the methods used to measure proximal tibia and distal femur BMD, 
there is inconsistency regarding the effectiveness of FES exercise on these sites; some 
studies found positive training effects,14,29 while others did not.e.g.138  

In addition to BMD measurements, biochemical markers of bone turnover can be 
determined in blood to assess metabolic activity of bone tissue.8 Unlike differences in 
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BMD, changes in markers of bone formation (e.g. procollagen type 1 amino-terminal 
propeptide (P1NP)) and bone resorption (e.g. cross-linked C-telopeptide (CTX)) can 
occur in a relatively short period of time.122 Therefore, assessment of these bone turnover 
markers might be of additional value when investigating the effectiveness of an exercise 
intervention on proximal tibia and/or distal femur BMD.  

To activate more muscle mass and subsequently provide greater exercise responses, a 
hybrid mode of exercise can be used in which FES-induced leg exercise is combined with 
voluntary arm exercise.23 This type of exercise has not been extensively investigated yet, 
but has the potential to elicit greater health benefits than arm exercise or FES-induced leg 
exercise alone due to the relatively large active muscle mass. To date, there are no studies 
that examined the effects of hybrid exercise on lower-extremity body composition and 
bone turnover markers in people with long-term SCI. Therefore, the aim of this 
randomized controlled trial was to investigate the effectiveness of a 16-week hybrid cycle 
exercise program on soft tissue composition (lean and fat mass) of the legs, proximal tibia 
and distal femur BMD, and bone turnover markers (CTX and P1NP) in people with 
long-term SCI. 
 
 

Methods 

Trial design 
The current study is part of a larger clinical trial (registered in Netherlands Trial Register 
(NTR), no. 2855) of which the experimental design has previously been described by 
Bakkum et al.10 Briefly, this study was a 16-week open, explanatory, parallel-group 
randomized controlled trial performed in two Dutch rehabilitation centers with a 
specialized SCI unit (Reade Amsterdam and Sint Maartenskliniek Nijmegen). Within 
each rehabilitation center, block randomization (fixed block size of 6; allocation ratio of 
1:1; no stratification) was used to assign participants to either the experimental (hybrid 
cycle) or control (handcycle) group. A blinded independent researcher provided the 
allocation in sequentially numbered, opaque, sealed and stapled envelopes. After the 
participants completed all baseline measurements, the principal investigator opened the 
envelopes and allocated the participants to the intervention. The sample size calculation 
was performed on the main outcome measure of the larger study (i.e. peak power output) 
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and revealed a group size of 18 participants. In the current study, measurements were 
performed in the week before (pre) and after (post) the training program.  
 
Participants  
As previously described Bakkum et al.,10 participants were recruited from the two 
participating rehabilitation centers (i.e. Reade Amsterdam and Sint Maartenskliniek 
Nijmegen). Inclusion criteria were: tetraplegia or paraplegia; time since injury (TSI)  ≥ 10 
years; age 28–65 years; age at onset SCI ≥ 18 years; physically inactive; dependent on a 
wheelchair; no or limited sensation in the lower extremity. Exclusion criteria were: 
contraindications for physical training and testing (e.g. severe cardiovascular or musculo-
skeletal complaints); psychiatric problems; plans to start another lifestyle (e.g. diet and 
physical activity changes); insufficient knowledge of the Dutch language. These eligibility 
criteria were checked by a research assistant in a telephone interview with the participant, 
and subsequently by a rehabilitation physician during a thorough screening. People were 
qualified as ‘physically inactive’ if their score on the Physical Activity Scale for Individu-
als with Physical Disabilities (PASIPD)169 was lower than the 75th percentile of a Dutch 
cohort study population (i.e. < 30).42 Due to difficulties with the inclusion, one year after 
trial commencement, the inclusion criterion TSI ≥ 10 years was reduced to TSI ≥ 8 years 
to be able to recruit more participants. 
 
Ethics statement 
All participants provided written informed consent indicating voluntary participation in 
this study, approved by the Medical Ethics Committee of the VU University Medical 
Center Amsterdam (registration no. 2011/90). 
 
Training devices 
The hybrid cycle (BerkelBike Pro, BerkelBike B.V., St. Michielsgestel, the Netherlands; 
Figure 7.1A) combines synchronous voluntary handcycling with asynchronous FES-
induced leg cycling. A 6-channel stimulator (Impuls, BerkelBike B.V., St. Michielsgestel, 
the Netherlands; Figure 7.1A–I) provided electrical stimulation via self-adhesive 50 × 90 
mm surface electrodes placed bilaterally over the quadriceps, hamstrings and gluteus 
muscles. During cycling, the stimulator received information from the crank angle 
encoder (Figure 7.1A–II) about pedal position and velocity to control the cyclic 
stimulation pattern.  
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The handcycle (Speedy-Bike, Reha-Technik GmbH, Delbrück, Germany; Figure 7.1B) 
was equipped with a wide synchronous bull-horn crank. Both cycles were equipped with 
8 gears that could be changed manually, and with quad grips for those participants who 
needed them. The front wheel of both devices was mounted on an ergotrainer (Tacx 
Flow, Technische Industrie Tacx B.V., Wassenaar, the Netherlands; Figure 7.1A–III and 
7.1B–III) that was adapted to the wheel size of the cycles. 
 

 
 

Figure 7.1  The hybrid cycle (A) with the stimulator (I) and crank angle 
encoder (II), and the handcycle (B), mounted on an ergotrainer (III). 
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Training protocol 
The training protocol has previously been described by Bakkum et al.10 Briefly, 
participants performed 32 interval training sessions within a continuous period of 16 
weeks. During the program, the total exercise time during the training sessions increased 
from 18 to 32 minutes. Following a graded wheelchair exercise test to exhaustion (also 
extensively described by Bakkum et al.10), the training intensity was set to attain a heart 
rate response of 65–75% heart rate reserve during training. Since the use of heart rate as 
an indicator for training intensity can be unreliable in people with tetraplegia,154 rating of 
perceived exertion served as a supplementary measure of training intensity; a target score 
of 4–7 on a 10-point rating of perceived exertion scale120 was required during training. 
Exercise intensity was controlled by the participant making adjustments in cycle velocity, 
or by the trainer adjusting the gear of the cycle or the resistance of the ergotrainer. In 
addition, during hybrid cycling, the current amplitude of the electrical stimulation was 
adjusted manually by the trainer to control the degree of muscle activation. Each session, 
the trainer tried to induce strong lower-limb muscle contractions; however, the current 
amplitude was decreased if the legs were moving too fiercely due to the electrical 
stimulation or if the participants indicated that the stimulation was too intense. During 
each training session, heart rate was recorded constantly using radiotelemetry (Polar, 
Polar Electro Inc., Woodbury, NY, USA), and rating of perceived exertion was assessed 
after each training block. Before and immediately after each training session, participants 
were asked to report local pain and/or complaints.  
 
Outcome measures 
 

Soft tissue composition 
Whole-body DXA (Hologic Discovery, Hologic Inc., Waltham, MA, USA) imaging was 
used to measure lean and fat mass (kg) of the legs. Measurements were performed ac-
cording to the manufacturer’s instructions with the participants in the supine position. 
The left leg and right leg region were automatically defined using the analytic software 
accompanying the system (Apex 13.3.3). For data analysis, left and right leg measure-
ments were summed. 
 
Bone mineral density 
Proximal tibia and distal femur BMD (g/cm2) were measured using the method of 
Bakkum et al.,13 briefly explained here. Participants were placed on the DXA table in the 
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supine position. The non-dominant leg was placed into the correct alignment and 
rotation: the knee was extended as far as possible, and the foot was endorotated (to 
reduce overprojection of the tibia and fibula) and strapped in a foot positioner. Then, the 
knee was scanned frontally using the forearm scan protocol, such that both the patella 
and fibular head were completely visible in the scan, and that the joint space of the knee 
was horizontal (Figure 7.2). Subsequently, proximal tibia and distal femur BMD were 
analyzed using the forearm subregion analysis protocol. The automatic bone detection 
function was used to shade all bone pixels in the scan, and the image was corrected 
manually for erroneously included or excluded bone pixels; fibula bone pixels were 
excluded. The distal edge of the region of interest of the proximal tibia (R1) was placed at 
the most distal point of contact between the fibular head and the tibia, and the proximal 
horizontal edge was placed at the upper edge of the fibular head (Figure 7.2). For the 
distal femur (R2), the bottom horizontal edge was positioned at the top of the space 
between the femoral condyles, with the height of R2 matching the height of R1 (Figure 
7.2). The width of both R1 and R2 was set outside the bone area but inside the soft tissue 
area (no air was included). After setting R1 and R2, the analytic software of the system 
automatically performed the BMD calculations. 
 

Figure 7.2  A frontally scanned knee. R1 is the region of interest (ROI) of 
the proximal tibia, and R2 is the ROI of the distal femur, with the height of 
R2 matching the height of R1. 
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All the above-described DXA scan procedures and analyses were performed by the same 
experienced radiologic technologist. Since the DXA device was exclusively available in 
Amsterdam, soft tissue composition and BMD measurements were only performed in the 
group that trained in rehabilitation center Reade Amsterdam.  
 
Bone turnover markers 
After a 12-hour overnight fast, blood samples were collected from an antecubital vein 
into 6.0-mL BD Vacutainer clot activator tubes. Within two hours of blood collection, the 
samples were centrifuged at 1800 g for 10 minutes at room temperature. Subsequently, 
the serum was separated into aliquots and stored at –80 °C. All serum specimens were 
assayed in one session at the end of the study to reduce inter-assay variability. Serum 
concentrations of P1NP (μg/L) and CTX (ng/L) were determined using radioimmuno-
assay (Orion Diagnostica, Espoo, Finland) and immunometric assay (Roche Diagnostics 
Corporation, Indianapolis, IN, USA) kits, respectively, according to the manufacturers’ 
instructions. All samples were analyzed in duplicate. The within assay coefficients of 
variation for P1NP and CTX were 4% and 5%, respectively. 
 
Statistical analysis 
The assumption of normality of the data within groups was checked by visual inspection 
of the q-q plot and box plot; in addition, a Shapiro-Wilks test was performed. 
Homogeneity of variance was checked using the Levene’s test. In case of violations of 
these assumptions, the statistical analyses were performed on the log-transformed data. 
Independent t-tests were used to determine potential baseline differences for the outcome 
measures and personal and lesion characteristics between the two training groups. 
Differences between pre and post exercise measurements were examined using a two-
factor (time of measurement × group) mixed-measures ANOVA. If an interaction effect 
was found, paired t-tests were used to examine this interaction. Data are presented as 
mean ± standard error, and significance was set a priori at p < 0.05. All data were 
analyzed using the statistical package IBM SPSS for Windows version 21 (SPSS Inc., 
Chicago, IL, USA). 
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Results 

Between November 2011 (start recruitment) and August 2013 (end recruitment), 36 
people were included (17 hybrid cycle, 19 handcycle), of which 20 participants (10 hybrid 
cycle, 10 handcycle) completed the study and were analyzed for all outcome measures 
(Figure 7.3). Reasons for drop out were illness (3 hybrid cycle, 5 handcycle) and lack of 
adherence to the training (4 hybrid cycle, 4 handcycle). Besides temporary muscle 
soreness, no serious adverse events were reported as a consequence of the training 
program. All 20 participants who completed the study (32 sessions) recorded 100% 
compliance to the program. DXA measurements were performed in 12 individuals (7 
hybrid cycle, 5 handcycle; Table 7.1). The assumptions of normality and homogeneity of 
error variance were confirmed for all variables, except for proximal tibia and distal femur 
BMD. No significant baseline differences were present for any of the outcome measures 
or personal and lesion characteristics between the two training groups, and between the 
individuals who dropped out and those who completed the 16-week training program. 
For both soft tissue composition of the legs and bone turnover markers, one participant 
of the hybrid cycle group was excluded from the analysis due to missing data. 
 

 
Figure 7.3  Flow diagram of the process through the phases of the randomized controlled trial. 
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Table 7.1  Participants’ characteristics 

 

Participant Gender Age 
(yrs) 

TSI 
(yrs) 

Lesion 
level AIS Height 

(cm) 
Body mass 

(kg) 
BMI 

(kg/m²) 

HYB         

  1* M 55 34 C3 C 178 90.7 28.5 

  2* M 40 12 C5 A 177 65.2 20.9 

3 M 39 13 C6 B 184 84.4 24.9 

  4* M 49 31 C7 A 174 55.5 18.3 

  5* M 53 10 C7 C 182 63.4 19.1 

6 M 49 27 T1 A 186 67.2 19.4 

  7* M 40 18 T6 A 188 66.6 18.9 

  8* M 58 24 T8 A 172 83.0 28.1 

  9* M 64 18 T9 A 174 80.2 26.5 

10 M 31 14 T10 A 173 73.5 24.6 
Mean (SD)  48 (10) 20 (8)   179 (6) 73.0 (11.2) 22.9 (4.0) 

HC         

  1* M 63 10 C2 D 180 73.6 22.9 

  2* M 48 30 C6 C 171 91.6 31.3 

3 M 47 12 C6 C 174 80.2 26.5 

  4* M 51 21 T3 A 181 72.6 22.2 

5 M 30 11 T4 A 174 73.8 24.4 

6 M 49 16 T5 A 174 75.0 24.8 

  7* M 47 18 T7 A 185 82.0 24.0 

8 M 38 9 T9 A 173 60.5 20.2 

9 M 49 15 T11 A 187 58.8 16.8 

  10* F 50 14 L2 A 166 67.2 24.5 
Mean (SD)  47 (9) 16 (6)   177 (7) 73.5 (9.8) 23.8 (3.8) 

*Dual-energy  X-ray absorptiometry (DXA) data available. Abbreviations: yrs, years; TSI, time since injury; 
AIS, ASIA (American Spinal Injury Association) Impairment Scale; BMI, body mass index; HYB, hybrid cycle; 
HC, handcycle; M, male; F, female; SD, standard deviation. 

 
Soft tissue composition  
For lean mass of the legs, a significant interaction effect (time × group) was found; lean 
mass in the hybrid cycle group was increased with 0.86 ± 0.26 kg (p = 0.029), while lean 
mass in the handcycle group was reduced with 0.78 ± 0.27 kg (p = 0.045) following the 
16-week training program (Table 7.2, Figure 7.4). For fat mass of the legs, a significant 
overall reduction of 0.35 ± 0.13 kg, and no significant interaction effect (group × time) 
was observed (Table 7.2, Figure 7.4).  
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Bone mineral density 
For both proximal tibia and distal femur BMD, no significant main effects for time or 
group × time interactions were found (Table 7.2). 
 
Bone turnover markers  
As shown in Table 7.2, there was a significant overall reduction of 3.6 ± 1.7 μg/L in P1NP, 
and no significant main effect for time for CTX. For both P1NP and CTX, there were no 
significant differences over time between the two training groups.  
 

 
Figure 7.4  Individual pre and post training values for lean mass legs (A), fat mass legs, P1NP (C) and CTX 
(D). HYB, hybrid cycle; HC, handcycle. 
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Discussion 
 

Soft tissue composition 
An important result of this study was that the soft tissue composition of the legs changed 
in both the hybrid cycle and handcycle group following the 16-week training program; 
lean mass increased in the hybrid cycle group and decreased in the handcycle group, and 
fat mass decreased in both groups. In contrast to the unexpected decrease in lean mass of 
the legs in the handcycle group, the increased lean mass as a consequence of the FES-
induced leg cycling in the hybrid cycle group is supported by previous research.11 Since 
muscle atrophy of the lower limbs is an important risk factor for developing pressure 
ulcers (a common secondary complication in SCI),96 improving the lower-body muscu-
lature by hybrid cycling might be a way to reduce the risk of pressure sores. Furthermore, 
it seems that hybrid cycling has no additional beneficial effect on lower-body adiposity 
over handcycling (when exercising for the same duration at a similar exercise intensity), 
suggesting that fat loss is a systemic effect of exercise.  
 
Bone mineral density 
The overall baseline values for proximal tibia and distal femur BMD values in the current 
study (0.448 ± 0.043 g/cm2 and 0.643 ± 0.070 g/cm2, respectively) were only slightly lower 
than the baseline values (0.553 ± 0.079 g/cm2 and 0.718 ± 0.066 g/cm2, respectively) of the 
participants with long-term SCI in a study by Chen et al.29 Compared to the able-bodied 
people measured in that study, proximal tibia and distal femur BMD of the individuals in 
the current study was ~50% lower. This finding is in accordance with the literature, 
reporting a rapid and linear decrease in lower-body BMD in the acute phase, and a newly 
reached, ~50% lower steady-state BMD level two years post injury.16,56  

With the DXA method used in this study,8 the smallest detectable difference over time 
is ~0.05 g/cm2 for proximal tibia and ~0.08 g/cm2 for distal femur BMD. The non-
significant BMD changes over time found in this study ranged from –0.006 to 0.009 
g/cm2 and may therefore be attributed to measurement error. As stated in the 
introduction, some previous studies found positive effects of FES exercise on proximal 
tibia and distal femur BMD in people with long-term SCI,14,29 while others did not.e.g.138 
From a systematic review about the non-pharmacological treatment and prevention of 
bone loss in people with SCI,15 it seems that the studies that found BMD improvements 
after FES training are those with a longer training period (i.e. 12 months), higher training 
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frequency (i.e. five times a week), or higher power output of the legs. Thus, possible 
explanations for the fact that no BMD improvements were found in the current study, 
might be the relatively short training period (i.e. 16 weeks), the relatively low training 
frequency (i.e. twice a week), and/or the relatively low power output of the legs.  
 
Bone turnover makers 
The P1NP and CTX values of the current study participants were within age-related 
limits for able-bodied persons,89 indicating a normal rate of bone turnover. In contrast, 
Paker et al.123 found that serum CTX levels were elevated in people with acute SCI (TSI < 
1 year). Furthermore, both the hybrid cycle and handcycle training intervention did not 
lead to improvements in P1NP and CTX. Moreover, the fairly small alterations observed 
in these bone turnover markers, including the significant reduction in P1NP, cannot be 
considered as clinically relevant. This finding was supported by Astorino et al.4 who 
found that neither P1NP nor CTX levels were changed as a consequence of six months of 
exercise. The above-described findings support the assumption that bone turnover 
reaches a new steady-state level in people with long-term SCI, now stabilizing around a 
~50% lower bone mass.  
 
Limitations 
A limitation of this study was the relatively high drop-out rate (44%); 16 of the 36 
enrolled individuals dropped out immediately after allocation to the training group (n = 
3) or during the experimental trial (n = 13). Since there were no significant baseline 
differences for any of the outcome measures or personal and lesion characteristics 
between the individuals who dropped out and those who completed the 16-week training 
program, it is not expected that the high drop-out rate would have affected the results of 
the current study. However, together with the difficulty of recruiting a sufficient number 
of participants (after two years, only 36 of the 313 invited people eventually participated), 
the fact that 44% of the included individuals dropped out, questions the feasibility of this 
type of training intervention in people with long-term SCI. The most important reason 
that people were not willing to participate or dropped out, was that the training 
intervention was too time-consuming for them. Therefore, in future studies, it should be 
carefully considered how to make these interventions more feasible and attractive for 
people with long-term SCI. For example, offering the opportunity to train at home would 
save travel time to a rehabilitation or training center. Moreover, 50% of the dropouts, had 
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to stop due to health problems not related to the training program (e.g. bowel problems 
or kidney stones), suggesting that the current study population is vulnerable for illness.  

Another limitation of this trial might be the relatively short training period (i.e. 16 
weeks), low training frequency (two times a week), and/or low power output of the legs 
during hybrid cycling. To realize improvements in bone metabolism (i.e. BMD and bone 
turnover markers), Biering-Sørensen et al.16 recommended that the FES-induced leg 
exercise should be at least 2–3 times a week and probably has to be maintained for the 
long-term. However, considering the above-described difficulties with recruiting the 
intended number of participants and keeping the participants in the trial, it is question-
able whether an exercise program of a longer duration and higher training frequency 
would have been feasible. The power output of the legs could have been increased by first 
conditioning the paralyzed legs (e.g. by FES-induced leg cycling only) of the participants 
in the hybrid cycle group. The lower-limb musculature of the participants in this study 
was relatively deconditioned at the beginning of the trial, which often resulted in rapid 
lower-limb muscle fatigue during hybrid cycling (the arms had to take over the entire 
propulsion). The training effects might have been larger if strong lower-limb muscle 
contractions were ensured over the entire exercise session from the beginning to the end 
of the training intervention.  
 
Conclusion 
The 16-week hybrid cycle intervention led to improvements in soft-tissue composition of 
the legs (i.e. an increased lean mass and a decreased fat mass), but did not improve 
proximal tibia and distal femur BMD, and the bone turnover markers P1NP and CTX. 
Future studies on hybrid exercise that aim to improve bone metabolism in people with 
SCI, should conduct long-term, high-frequency exercise interventions in which high 
power output of the legs is ensured. 
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