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Multivariate description of gait changes 1n a mouse model of peripheral nerve injury and trauma
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Background Multivariate Characterization Machine Learning Classification of Gait States

e ~2 million people living with limb loss in the United States and >20 million with * Univariate and multivariate dimensionality reduction were compared. * We used an 80-20 training-testing split with 10-fold cross validation.
peripheral nerve injury of some form (Ziegler-Graham 2008). * This included multiple hypothesis testing and forward selection resp. * Five model architectures were evaluated (Table 2).
« Experimental treatments like limb transplantation (VCA) or tissue engineering * The performance of a training algorithm was used to compare the two. * Scores from the highest performing model architecture were plotted to
materials must be evaluated in animals. * Multivarniate feature selection led to 8% greater misclassification error. evaluate the separation of their spreads + means (Fig. 5).
* Methods of evaluating gait and neuromotor function in animals are univariate. * Moreover, univariate selection appeared to yield overfitting (Fig. 3). - | |
* However, treadmill gait monitoring systems generate multidimensional data. * Factor Analysis was conducted to better understand relationships. e R e o o st ©
* We found no rigorous multivariate evaluation of rodent treadmaill gait in the * Six factors seemed to max loading and minimize variance (Fig. 4). A A ° - -
literature. * Upon examining the components of each of the six factors, : : ”
 This absence spans across all models (e.g. Diabetic Neuropathy, ALS, MS, etc.) biologically consistent relationships were observed (Table 1). ;
* E.g: alterations to the anatomical configuration of the limb in tx and
Hypoth eses * Abberant fine motor function due to peripheral nerve injury. v f v VA "
. . . . . . . . . . Figure 3. Univariate 045 Simple Fiter Feature Selection Method 4 (% O'; i 08) O'; —— o 0':,
* Multivariate gait analysis will reveal biologically consistent relationships. feaure selesion us well | - e mimeser] |
* There are latent factors that help intuitively understand gait. slection vas conduced. s SER— | _— | B
» Not all measurable features are relevant for characterizing gait, there is a subset | ofmisisiicaion ewor T | Tt Facter sl et ot Garsplnt dt i conrst 0oy e ansecon iy ot T moakeis wete b £ distingaish botwreen e distinot pheofypes wif bigh satitical signieancn e r
* Using this subset to train models will be more accurate than using all features | smoot patiemviamati. = =] o | : : d lusi
* These models will be able to distinguish between different gait phenotypes, like |wovmore fawesaoes o e e Results, Discussion, and Conclusion
a h}lman cye can just by Watch1ng s ootk e sl S e L * 16 features maximized predictive ability in contrast to the 32
* This can all be done using a imb transplant model developed by the CTC s : : s st i o e EE ™ available.
microsurgery core (Fig. 1) in conjunction with the DigiGait in the BPC (Fig. 2). = | u";ﬂ.“ts"‘mdfy/m e This demonstrates the value of feature selection.
Experimental Design R - ESmeeaen ey~ + Univariate selection performed 6% less accurately than mltivariate
o e ol ] facoranalyi,whch quanife h rlatonshi bewoe ndhidul, measurtle features and can b used o oniy selection.
»  We modeled increasing neuromusculoskeletal damage. U M 7" T Mmearae” * Multivariate selection did not help us understand exact relationships.
» Groups = control, nerve transection, limb tx. Factor Analysis of Limb Transplant niury Factor Analysis of Nerve Transection njury * Using factor analysis we 1dentified the 6 latent factors most
 The microsurgery core has published a limb tx model that was used (Fig. 1). N L | responsible for describing gait in the context of peripheral nerve
e 14 animals in each group. ;oz ;: Talo 2 Evaliaing th partormanc of 4 ifretmodel rchiectres i dsingshingbeten ety and an ury an d trauma.
* After a 2-week recovery period animals were video taped walking on DigiGait. | <. \ sl | DatngusmmoPertem Gt * These 6 factors were composed of the 16 features and were
T~ N | RondomForet bl ol orex i biologically consistent revealing insights and hypotheses that were
S e —— Bippot e clorechin o7t oawe  ormrs oz unable to without.
Gait Analysis N”“’fF o memees E_".:,ZTf:l - osous]oszus] uamed oves * Using the 1dentified features, various models were trained.
, M| oy e ol B il sl i R » Ensemble-based classifiers achieved >90% classification accuracy
e | Gnemcoatsonas cam o omy avs o aww | omw oww owm aow omo owi | | oemeremsscton fooreey _pradeion, _Feca_F-oes with similarly high precision, recall, and F-score.
oo vm e S mogw e oo DTRN G UmoJmon® )+ Moreover, these classifiers were able to distinguish between the two
b traneplanation || Figure 2. DigiGait isa el bl el ol vl oniberl I L et oreml wrml ozes different etiologies of gait with almost 90% accuracy as well.
ot amamods || meniong s e i S e o o e e | 07 w0 1w 0 o 0o || bmiewe e e s | ¢ This i the first example of multivariate description and rodent gait
o e omoralvesels | ¢ BFE Tl Il classification between two different etiologies of deficit.
| Sot ome s omes ooy ome | tim omw o o um oo * This same technique could be used to make direct comparisons

Figure 4. Factor Analysis allows one to identify hidden (latent) factors in this case 6ish between completely different gait states or interventions.



