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Athletes in the PR1 classification have no leg function, minimal or absent trunk control, and 
limited sitting stability, requiring a fixed seat in the boat (World Rowing, 2019). As a result, 
PR1 rowers rely primarily on their arms and shoulders for propulsion, with minimal 
contribution from the trunk. Current regulations allow the upper thorax to contribute to the 
rowing stroke if functional. This study examined the effect of a “free” versus “fixed” thorax on 
fixed-seat ergometer rowing performance. 
 
Twenty-two able-bodied participants (13 M/9 F; 26.8±5.6 yrs.; 76±13 kg; 179±9 cm) 
completed 4 minutes of steady-state rowing (RER ~1.0) on an indoor ergometer (Care 
RowPerfect3 Bv.). Oxygen uptake (VO₂, Oxycon Pro, Jaeger GmbH), heart rate (Polar 
Electro Inc.), 3D kinematics (Oqus, Qualisys AB), and chain force (N-DTS-FS5, Noraxon 
USA Inc.) were recorded. In the “free” thorax setup, participants wore a waist strap. In the 
“fixed” thorax condition, a vertical backrest and chest strap were added. Linear mixed-effects 
models included ‘setup’ and ‘sex’ as fixed factors and subject ID as a random intercept. 
Residual SD-based effect sizes were calculated using mixed-model Cohen’s d. 
 
Power output and VO₂ were markedly lower in the “Fixed thorax” setup (64±6 vs 40±4 W and 
1.9±0.1 vs 1.3±0.1 L/min, both p < 0.001, ES > 2.4). Heart rate and RER were similar across 
conditions (134±8 vs 127±7 bpm and 0.96±0.02 vs 1.03±0.02, p > 0.05, ES = 0.31–0.6). Trunk 
power decreased substantially when the thorax was fixed (41±5 vs 12±3 W, p < 0.001, 
ES = 3.15), whereas shoulder and elbow powers were unchanged (21±2 vs 23±2 W and 12±2 
vs 13±1 W, p > 0.25, ES = 0.31–0.35). Fixing the thorax also reduced trunk and shoulder 
ranges of motion (51±3° vs 11±1° and 112±3° vs 97±2°, p < 0.001, ES = 1.50–4.33), while 
elbow ROM remained constant (98±2° vs 98±2°, p = 0.684, ES = 0.14). 
 
The decrease in power output with a fixed thorax was primarily due to reduced trunk 
flexion/extension, without compensatory increases in arm contribution. The observed 
increase in shoulder ROM during the free condition likely reflected trunk movement freedom. 
Overall, fully restricting thorax motion during ergometer rowing reduced performance by 
~38%, highlighting the significant role of trunk contribution even in fixed-seat rowing. 
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