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The Impact of a 3D-Printed Personalized Seat on the Performance
of a Para-Rower: A Single-Case Mixed Methods Study
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Abstract This study aimed to develop a 3D-printed personalized seat for a national para-rowing athlete with spinal
cord injury (PR1 classification) and to explore its performance effects, while investigating the experiences of the
athlete and coach throughout the fabrication and application process. A concurrent nested mixed methods design
was employed. Quantitative data were collected via NK Speed Coach GPS Pro (stroke by stroke speed/SPM/distance
per stroke) and a Polar H10 heart rate monitor (session-level heart rate). Qualitative data from in-depth interviews
and focus group interviews were analyzed through inductive thematic analysis. In the 1000m trial, time improved by
6.1% (24.8 s) and average speed increased by 6.5%; in the 500m trial, time improved by 7.6% (16.1 s) and average speed
increased by 7.7%. Speed coefficient of variation (CV) decreased by 1.7%p (1000m) and 1.5%p (500m). Comparable
stroke rates between conditions indicated that gains were efficiency-driven rather than frequency- driven. Qualitative
thematic analysis of 22 meaning units and 8 sub-themes yielded three core themes: 'Decades of coping with
standardized equipment alone," 'The first sensation of equipment truly made for me," and 'Small streams make great
rivers: iterative feedback and the future of para-sport.’ Credibility was established through member checking and
triangulation. As a single-case study, statistical generalization is not intended; however, the findings suggest that
3D-printed custom seating may meaningfully contribute to para-rowing performance and athlete experience.
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Table 1. Characteristics of Research Participants

Participant Disability Role
A Spinal cord injury | National para-rowing athlete PR1
T11-12 (3 X Paralympics)
B Non-disabled National para-rowing head coach
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Table 2. 3D Printing Parameters of the personalized

seat
Parameter Value
Filament Tough PLA
Filament Usage(kg) 1.82(+ Support)

Weight(kg) 1.59

Size(mm) 386(W) X 485(D) X 166(H)
Print Time 74h 24m
Wall Loops 8

Infill(%) 65

Fig. 1. 3D—Printed personalized seat
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Table 3. Performance Comparison: Existing Seat vs. 3D Custom Seat

Variable Existing Seat 3D Custom Seat Change Change(%)
Time (min:sec) 6:48.3 6:23.5 V248s V6.1%
Avg Speed (km/h) 8.77+0.52 9.34+0.40 A 057 A 6.5%
Total Strokes 202 187 A AN V 7.4%
1000m
Dist./Stroke (m) 5.0 53 A03 A6.0%
Avg Stroke Rate (spm) 29.7£1.0 29.4%1.0 v03 =0
Speed CV (%) 6.0 43 V¥ 1.7%p —
Time (min:sec) 3:31.8 3:15.7 ¥ 16.1s ¥ 7.6%
Avg Speed (km/h) 8.46+0.61 9.11+0.52 A 0.65 A77%
Total Strokes 113 101 V12 V¥ 10.6%
500m
Dist./Stroke (m) 4.4 5.0 A06 A 13.6%
Avg Stroke Rate (spm) 31.9¢1.6 31.1+1.6 V0.8 V¥ 25%
Speed CV (%) 7.2 5.7 V¥ 1.5%p —

Note. The standard deviation (2) of the average speed represents speed variability, which is the variance in instantaneous speed per stroke

during movement.
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Fig. 2. Speed and Stroke Rate during 1000m Trial(Existing Seat vs. 3D Seat)
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Fig. 3. Speed and Stroke Rate during 500m Trial(Existing Seat vs. 3D Seat)

1.0SPM, 3D Z&8 A|E 29.4+1.0SPMO.&
Eﬂf‘z Aol 7} YehA] ottt ol 2%t Axt
ERIY 37 &9 o] 718 @502 o]od
A Uit} £ QP SHOA & HE
AFCVE 71E A E 6.0%04 3D ZY A E 43%2
1.7%p A4 235 YEll=t o= 3D ZHd AJE
E ARSI o 52 P £ RASHHAE AE
3 7t &% W50l £o] HE HEAQl 30| o]F
o H5E HojF= At
500m Y0419 F AERT = 7|E AE 1133
oA 3D Y AE 10132 1294(10.6%) 7T g,
AEZ I o] 5AZE 4.4moA] 5SmZE 0.6m(13.6%) &
7¥sto] 1,000m =3 vl o & 57 & Eith Bt
AERIE(SPM)Z 7|2 AE 31.9+1.65PM, 3D ZH
g AE 31.1+1.6SPM2.E 2F 0.8SPM(2.5%) 4351

o9 >
pe Im
ri%
_4\1

[>

Mg

o

A 1

pa)

o= Bt = S7lole] AEEAY o5 A2 4
2 ol U™ AR sjAE. o] gt A= 17
T 30| o|Fojx = @A F7tolA 3D ZHF 7j
TEF AEQ AR A XA Bt HE FElsHA
*‘?ﬂ% Ao s|8d 4= qlr}. 3HH £k HEAR(CV)

L 7.2%NA 5.7%& °F 1.5%p A4t 1,000m
jq— VA2 AERT 7F &% HE ZAaE V=
E o8] 3D ZHY AE ARG A H Al =5 1
LOI TEEI

Fig. 2} Fig. 32 9A| Hlo|H & 7[Rte = 7]&

9} 3D ZHE AEQ 1,000m ¥ 500m 53 & F7tof
AF &% (km/h)QF AERIE(SPM)Y] AAE HIE
ANkt bt} Fig. 29} Fig. 3904 EQ18 4= Q1%0]
1,000m®} 500m 58§ A 1710l 24 3D ZHd 7Qlst
9 AE AR Al 71& A E ARG A TiH] = FA0]

o

_-lNJQnJ



[Provider:earticle] Download by IP 210.117.XXX.XX2 at Monday, May 4, 2026 7:23 PM

62 ARSI H243 HAS

A £ $52 FASAL. BRo] & AE A
8 Aol & 410 Aot WEo] vl A A3
el 7} 77ko] Lrehd §hl 3D 22lE) A|E Ak Alo]

= d v
£ 94 $29 $55 A8 58 20] 1 P A &
= Aol uehdth 2E2389 3¢ 1,000met

500m FFofA BF FARE £ES UERfo] S Aol
7t AER T WIET}obd AE 235 318 57]9] Zo]
o HIEEE ST
£ A4 1,000m @ 500m 73 BFA 7]E
AE ARE tH] 3D THE A|E AR A| AEZTH o]
A7t Z7Fot AER IS F 2 BF fARE 2
< 7R 23S ALY 5 AT Kleshnev[3l= w2
rERIgHT} AERIY o|5A Ifsit A7)
3 oL BT AW ATk Hagh uf glon,
Hofmijster et al.[22]2 A7FS] A HAAJ3 AEZ T
2879 ol ot AuaAVE Shae Halsholtt. ol2
vlFolHgte W = Aol A Aot 3D Y AjQlgt
29 NEZ} A40) S FUsHA AATFOZA A2k
YIS FIA7IAL, 1 AT AERAY olF AL
Z7)5t Ao 2 &S 4= Qich
53] AL #71R1 500m FPo|M AEZIT o)F

Table 4. Results of Inductive Thematic Analysis

A9 A Zo] 13.6%F 1,000m FH9] 6%H T A
5] ZA Uehd A2 YA 02 F a3 A AlEet
o} 13 e S5oA = v g2 R0 uet A7t kyst 2
£9] 750] A5kE]7] 42029], Foll $A] k= A ES
Agol= 7 A7 A 28-S el 7MY 28 Y
o] o]Foj ] o x| {=Alo] 7k 4= Qlr}. 500m 539
AAE THZE UERd Fig. 3014 7]& AE ARE A9
&5 Fo] 8 FHEEQl oF 28 30% oA F4 9]
Stetol= W 3D ZE® AJE ARG AlofA= F A
FEZ FA sk Ao] ol & Al o & RREgIt

&5 MEARCV) Ak FEIURE @4t} o=
o] Wat 29 FAolehs QulE ol 39 A4
QFY o] FIE U= BHolF= A it AX= F7]0
A 53t HolAE fA5k= AL oUA 4H BE&S

Srslsls o] AgFos FHA om30], £=9

B WES 37108t &4 @ 2u2o] v
RS LT “"@MW 3p =AY el
W59 AE S A 1,000m FBNAY SE HEAS

5%
7t 5% 0|t gat A A A718 P FsHe
ol Avet g,

Meaning Unit

Sub-theme Core theme

Equipment never truly fit the athlete's body

Structural dependence on imported, high—-cost equipment

Instability & energy loss from
standardized equipment

DIY fixes: foam, blocks, towels, tape

Decades of coping with

Repeated failures and cost barriers of custom-order attempts

standardized equipment
alone

Policy/admin void in personal equipment support

Long-standing desire for custom

10 yrs since Rio: acute recognition of the need

equipment & policy gaps

Immediate sense of fit from the first seating

Body-equipment unity from 3D

Lateral stability — freedom of fore—aft motion

custom seat

Desired technical posture emerged naturally

. o Fi i f
Accelerated skill acquisition: Irst experience o

Energy/attention redirected entirely to rowing motion

equipment truly made

liberation of focus
for me

Stable rowing even in waves and adverse conditions

Stability in waves and under

Lower physiological load, higher peak output

fatigue

Value of iterative fabrication with feedback integration

Precise body data capture via digital workflow

Data-driven iterative
improvement paradigm

Potential of combining light weight with custom fit

International equipment gap revealed at competitions

Small streams make

Need for maker-space infrastructure in athlete villages

Equipment gap revealed &

improvement potential great rivers: iterative

Early-stage custom gear potential for skill development

feedback & para—sport

Necessity of athlete-led participatory design

future

Equipment sense and perceived value grow with experience

System-wide impact of personalised equipment diffusion

User—centered support system

Demand for policy reform toward elite-level support
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