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OVERVIEW

Problem Body-recovery foundation models predict on their own kinematic tree; | Approach A small biomechanical head on a frozen SAM-3D-Body backbone, | Result Competitive with the optimization-based state of the art on three
clinics need ISB joint angles on an anatomical skeleton — and no large paired | zero biomechanical labels: differentiable MudJoCo FK plus a Levenberg— | external datasets — including a 109-participant clinical cohort — at two to
Image — biomechanics dataset exists. Marguardt IK solver in the training loop supply all the supervision. 1.49M | three orders of magnitude lower cost; clearly ahead of the other feed-
public images, 134 GPU-hours. forward method.

METHODS — ONE HEAD ON A FROZEN BACKBONE MARKER-BASED REFERENCES ERROR BREAKDOWN
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stays flat into the impairment cohorts; HSMR inflates.

segment scales + offsets. keypoint, or vertex via an offline EIM.

prediction. GAIT WAVEFORMS

Control (p0620)

TRAINING DYNAMICS & ABLATION

- \Af\l\f\w no-SPIN

SPIN

Ours Ours+IK PBL HSMR OpenCap
MAE 12.1° MAE 13.0° MAE 6.2° MAE 18.4° MAE 11.3°
[ A [ A

QUALITATIVE

)

=

o
N

OpenCap-
Ours + IK Monocular

I
o

MHR
(frozen)

N

out PA-MPJPE (mm)
()
o

> head :
- cold»warm ==~ RMS 1 ~— head =+ IK5

-

i IK

residual

Time (s) Time (s) Time (s)

marker fit RMS (mm

—— Prediction (right)
—— Prediction (left)

50000 100000 150000 100000 50000 100000150000

Prosthetic (p11219) . . .
training step training step training step

Ours Ours+IK PBL HSMR OpenCap
MAE 3.7° MAE 3.8° MAE 4.0° MAE 16.1° MAE 7.3°

(a) IK residual drops at the cold—warm switch; (b) head-to-IK ratio —
1x; (c) vs. SPIN-disabled.
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* No in-loop pseudo-labels: marker fit 12.9 — 21.1 mm,
PA-MPJPE 17.3 — 27.5mm.
 Cold IK at inference: heavier tail, 180 vs 41 ms/frame.

Held-out overlays: one BML-MoVisubject (top), one clinical MMMC subject (bottom); OpenCap ships no overlay code, so its skeleton is drawn alone.

tables; HSMR’s knee decorrelates on the prosthetic trial.

TAKEAWAYS
* Direct inference: distilling biomechanics onto a frozen SAM-3D-Body < By a wide margin: ahead of HSMR and OpenCap-Monocular on every + A gap to optimization remains: our Portable Biomechanics Lab still sets
backbone is state of the art for feed-forward — with no biomechanical metric, and the gap widens on the clinical cohort — PA-MPJPE 41.9 vs 75.8 the bar for monocular biomechanics — at two to three orders of magnitude

labels in training. and 82.4 mm. more compute per frame.



