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SUMMARY 
The objective of this preliminary report was to assess the 
impact of trunk inclination on the mechanical stress 
sustained by the shoulder during sitting pivot transfer (SPT) 
in spinal cord injured (SCI). SPTs were assessed in six SCI 
participants using an instrumented transfer system which 
allows simultaneous recording of kinetic and kinematic data. 
Mechanical stress was estimated at the leading (left) and 
trailing (right) shoulders by net joint moments. Participants 
were asked to realize SPTs using their natural strategy, by 
exaggerating trunk flexion and by keeping the trunk as 
upright as possible. Evolution of the shoulder joint moments 
over the normalized pre-lift, lift-pivot and post-lift phased 
were compared between the three conditions. The results 
show that modification of trunk inclination during SPTs 
might have an impact of the mechanical stress at the 
shoulder. The upright trunk condition yielded the lowest 
moments at both arms. Further testing on a wider population 
is warranted to confirm the findings of this preliminary 
study. 
 
INTRODUCTION 
Sitting pivot transfer (SPT) is an important functional task 
among spinal cord injured (SCI) to maintain independence 
of mobility. In addition to the large number of SPTs 
performed (up to 40 times per day) [1], the excessive 
mechanical stress on the shoulder joint while carrying out 
SPTs likely contributes to the development or perpetuation 
of secondary upper extremity (U/E) impairments. In order to 
preserve the integrity of the U/E joints, the Consortium for 
Spinal Cord Medicine suggested varying the SPT technique 
used [2]. More specifically, the Consortium suggested 
involving more trunk motion during the SPT which may 
reduce U/E mechanical stress. Yet, no quantitative evidence 
is available regarding the impact of varying the trunk 
inclination on the mechanical stress sustained by the U/E 
joints. Therefore, the objective of this study is to compare 
shoulder joint mechanical stress, estimated by net joint 
moments, between the natural strategy, an imposed forward 
flexion trunk strategy and an imposed upright trunk strategy 
during SPTs. 
 
METHODS 
Six SCI participants that used a manual wheelchair as their 
primary mean of locomotion were recruited (6 males; 
46.1±13.2 years; 1.81±0.06 m; 83.7±18.9 kg; T5-L1). SPTs 

were assed using an instrumented transfer system (Figure 1) 
which allows simultaneous recording of kinetics and 
kinematics data [3]. The height of the seats was similar and 
adjusted to the subjects’ wheelchairs.  
 

 
 
Figure 1: Instrumented transfer assessment system used [3] 
 
Forces and moments under the hands and buttocks were 
collected at 1200 Hz. Kinematics parameters were collected 
using an Optotrak system (NDI Technology, Waterloo, ON, 
Canada). Thirty-six light emitting diodes were placed on the 
pelvis, trunk and U/E segments to model motion [3] and 
were collected at 30 Hz. After signal processing, 3D 
shoulder joint moments were computed using an inverse 
dynamic method in the laboratory coordinate system [3]. 
After, net joint moments were expressed in the joint 
coordinate system of both shoulders and normalized by the 
body weight [4]. 
 

 
Figure 2: Trunk flexion angle over the SPTs for the three 
conditions. Only the standard deviation (gray shaded) for 
NAT is shown. 
 
Following a familiarization period, subject were asked to 
make two SPTs using their natural technique (NAT), two 
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SPTs with exaggerated forward trunk flexion (TF) and two 
SPTs with the trunk upright (TU); the leading arm being the 
left one (non dominant) for each trial. Trunk flexion angle 
was obtained by computing the relative motion between the 
trunk and the pelvis. Each SPT trial was separated into pre-
lift, lift-pivot and post-lift phases [3]. Each phase was 
normalized to 100 frames yielding a 300 frames SPT. Both 
SPTs trial were averaged together for each condition and 
each subject. Given the limited number of participants in this 
ongoing study, only qualitative observations were made 
between the three conditions for joint moment components.  

 
RESULTS AND DISCUSSION 

Peak trunk flexion angles during the lift-pivot phase were 
49.4o, 53.7o and 41.1o for NAT, TF and TU respectively 
(Figure 2). 
 

 
Figure 3: Evolution at the leading (black) and trailing (red) 
arm of the Adduction (+)/Abduction (-) moment component 
over SPT for the 3 conditions. 
 
The highest shoulder joint moment components (Figures 3-
5) at the leading arm (left) was in external rotation, followed 
by flexion and adduction. While for the trailing arm (right), 
highest moments were found in internal rotation, flexion and 
adduction. Trunk inclination seems to have an influence on 
shoulder joint moments. The TU condition seemed to have 
yielded lower joint moment components at both shoulders 
compared to NAT and TF. The results of the current study 
tend to support the hypothesis that trunk motion has an 
impact on the mechanical stress at the shoulder joint [5]. 
Changing the trunk inclination might modify the lever arm 
length between the force vector underneath the hands and the 
shoulder joint which, in turn, would have an impact on the 
joint mechanical stress [5]. This would especially be the case 
when exaggerating trunk flexion. However, TF condition 
didn’t seem to yield changes for joint moments. This could 
be explained by the variability in trunk flexion angles for the 
NAT condition and thus, the TF condition might not be 
pronounced enough to highlight differences contrary to the 
TU condition.  
 
The lower joint moments found in the TU condition might 
be the consequence of the force vector underneath the hands 
more aligned with the shoulder joint center. Supplementary 
information in terms of muscle activity and biomechanical 
analysis of all the U/E joints is necessary to determine if a 
more upright trunk during transfer would be a more 

advantageous strategy. Moreover, additional subjects are 
needed to confirm the findings in the SCI population which 
is in process right now. This complete analysis would yield 
useful insight into the impact of different trunk strategies 
used to achieve SPTs on biomechanical parameters and 
could eventually prove valuable for clinicians when teaching 
transfers. 
 

 
Figure 4: Evolution at the leading (black) and trailing (red) 
arm of the Internal (+)/External (-) rotation moment 
component over SPT for the 3 conditions.  
 

 
Figure 5: Evolution at the leading (black) and trailing (red) 
arm of the Flexion (+)/ Extension (-) moment component 
over SPT for the 3 conditions.  
 
CONCLUSIONS 
As shown by the shoulder joint moment results, modification 
of trunk inclination during SPTs may have an impact of the 
mechanical stress sustained at the shoulder. Further testing is 
warranted to confirm the findings of this preliminary report 
and before making recommendations to rehabilitation 
professionals. 
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