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If there is pure rotation, a 
single instantaneous 
centre of rotation (ICR) 
will exist for points A and 
B. Perpendicular 
bisectors for A0-A1, B0-B1, 
A1-A2 and B1-B2 will all 
meet at this point.
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Purpose:
The canine femorotibial joint exhibits a 
combination of sagittal plane rotation and 
translation during flexion and extension, 
resulting in a constantly moving 
instantaneous centre of rotation (ICR). The 
ICR is defined as the point about which a 
movement can be described as pure rotation 
(Fig. 1). Deficiency of the cranial cruciate 
ligament (CCL) has been shown to result in 
a change in ICR position (1,2): assessment 
of ICR patterns might be a useful research 
tool for evaluating surgical strategies for 
CCL-deficient joints. Previous analysis of 
ICR position relative to joint angle ex vivo 
resulted in large variation between test 
constructs (2). While error size is dependent 
on number of points analysed and amount of 
rotation about the ICR (larger is better for 
both), variation between joint angle and tibial 
plateau orientation was hypothesised to be 
an additional contributing factor.

Methods:
Fluoroscopic data were obtained from a 
previous study (3). Briefly, hindlimb 
constructs from donated cadavers were 
fixed by the femur to a radiolucent support, 
and instrumented to mimic quadriceps and 
gastrocnemius loads of 15kg and 5kg, 
respectively. The constructs were slowly 
moved from full flexion to extension under 
fluoroscopic video recording. Coordinate 
data for 5 radio-opaque tibial markers were 
retrieved for multiple joint angles from still 
images. Monotonic cubic splines (Fig. 2) 
were used to smooth and interpolate data 
to pre-selected angles (10°-100°) between 
the femoral diaphyseal axis and the tibial 
plateau. A least-squares approach (4) was 
used to obtain ICR data for each construct 
under intact, cruciate ligament transection 
(CCLx), medial meniscal release (MMR) 
and triple tibial osteotomy (TTO) conditions. 
Curves based on mean ICR locations were 
found, and error ellipses derived from 
covariate matrix eigenvalues for each point.

Outcomes:
The intact ICR curve was short and located 
mid-condyle during flexion-extension (Fig. 
3). Transection of the CCL moved the 
starting point of the ICR curve to the distal 
metaphysis and the end-point to the cranial 
condyle: the medial meniscal release ICR 
curve overlapped and extended this curve. 
The TTO ICR curve started near the intact 
ICR curve but deviated towards the distal 
metaphysis. Curve positions were similar for 
joint angle and tibial plateau referenced 
calculations, but error ellipse areas were 
smaller for all test conditions except TTO 
when the tibial plateau reference was used 
compared to bone axes (60-85% vs 134%).

Conclusions:
CCL transection and subsequent medial 
meniscal release result in markedly 
abnormal ICR curves, which may contribute 
to ongoing joint pathology. Normal curve 
position and initial deviation was consistent 
with previous reports analysing normal joints 
and the over-the-top repair (1,5). TTO 
restored the starting point of the ICR curve 
but did not normalise joint rotation/
translation in this model, in contrast to 
reports for the over-the-top repair (1). This 
may reflect initial caudal subluxation in the 
flexed joint followed by cranial subluxation at 
terminal extension. Whether other 
osteotomy techniques produce better ICR 
curves and thus more normal joint 
movement should be the focus of further 
research.
Tibial plateau referenced curves generally 
reduced errors, supporting our hypothesis: 
the exception after TTO may reflect 
variability in final tibial plateau angle (mean 
7°±3°) achieved in this study.

If translation and rotation 
occur, despite the start 
and end positions being 
the same, then the 
instantaneous centre of 
rotation (ICR) will change 
with each change in 
position. Perpendicular 
bisectors for A0-A1 with 
B0-B1 and A1-A2 with B1-
B2 will no longer meet at 
a single location.

▶

Fig. 1
Raw data for a single landmark from a single limb 
preparation is shown (blue dots) with linear 
interpolation (blue line). The data distribution is
uneven. Monotonic cubic splines allow a better fit to 
the data as well as permitting extraction of data at 
set, useful intervals. This should allow valid 
comparisons between experiments in the future.

▼

Fig. 2

Tibial plateau referenced ICR curves for the four test 
situations. Mean curves are shown for nine hindlimb 
preparations. Curves were scaled between limbs by 
reference to the roof of the intercondylar fossa 
(Blumensaat's line), which represents 0-100 on the 
scale used. Solid markers indicate the end of 
movement at full extension.Error ellipses (shaded 
areas) represent data spread between limbs.
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