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The author shares his thoughts on this topic. 

Medial pivot or lateral pivot? Pick up a corporate 
brochure and the answer is settled. Pick up the primary lit
erature — the journal articles — and it is not. The disagree
ment is real, but most of it dissolves when you ask the right 
question. The question is how much each femoral condyle 
translates anteriorly and posteriorly (AP) through the flex
ion arc you actually care about — the differential between 
the two determines the pivot location. 
Freeman and Pinskerova gave us that framework two 

decades ago. The field has largely ignored it. Once applied, 
three things fall into place: the medial-pivot and lateral-
pivot studies stop contradicting each other, the implant 
question becomes sharper, and the patient is better served. 

THE RIGHT MEASUREMENT 

The medial pivot is not a statement about a center of rota
tion. It is a statement about AP translation. On static MRI 
of the passive knee through the active functional arc from 
roughly 20° to 120° of flexion — the arc that covers chair-
rise, stairs, lunging, squatting, walking past heel-strike, 
running, and hiking — the medial femoral condyle trans
lates no more than ±2 mm anteriorly or posteriorly, while 
the lateral femoral condyle translates approximately 15 mm 
posteriorly (Freeman and Pinskerova 2005). Under weight-

bearing motion the medial side translates somewhat more, 
but the asymmetry persists. The medial condyle behaves 
like a somewhat-constrained ball-in-socket. The lateral 
condyle behaves like the wheel of a sidecar on ice — it rolls 
and slides. The result is about 30° of tibial internal rotation 
around a medial axis. 
That is the medial pivot. Small medial AP excursion. 

Large lateral AP excursion. The greater the differential, the 
more pronounced the pivot. 

IN THE ARC THAT MATTERS, THE EVIDENCE IS 
NOT CLOSE 

Every modern in vivo study of the active functional arc in 
the normal knee returns the same answer — a medial pivot, 
albeit with more medial AP translation than during passive 
motion. Mobile biplane X-ray tracking of an entire walk
ing stride — including the swing-phase peak flexion around 
70° — found 15 mm of lateral contact displacement and 10 
mm of medial contact displacement, with the tibia pivot
ing about the medial compartment (Gray et al. 2019). The 
same Melbourne group extended biplane imaging across six 
daily activities — level walking, downhill walking, stair as
cent, stair descent, standing, and open-chain flexion — and 
reported a medial-pivot pattern in all six (Thomeer et al. 
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2022). Dual fluoroscopy of twenty healthy knees through 
a weight-bearing lunge from 0° to 120° documented the 
same dominant medial-side stability with lateral excursion 
(Rao et al. 2020). Single-plane fluoroscopy of kinematically 
aligned TKA against the contralateral native knee showed 
that the medial contact stays centered and the lateral con
tact moves posteriorly with flexion in both — the implant 
reproduced the native pattern (Nicolet-Petersen et al. 
2020). 
For the flexion arc that TKA implants must serve, the 

medial pivot is not a hypothesis. It is what imaging of the 
native knee shows. 

WHERE THE LATERAL-PIVOT RESULT ACTUALLY 
COMES FROM 

Most of the literature cited in support of a lateral pivot 
does not describe a native knee at all. The cohorts had 
ACL injury, ACL reconstruction, or established osteoarthri
tis. These are altered joints, and their kinematics reflect 
the alteration (Isberg et al. 2011; Matsuki et al. 2017). They 
should be set aside in any discussion of native knee motion. 
Once they are set aside, three native-knee studies re

main. Two are methodologically unreliable. One is uncor
roborated. 
A skin-marker analysis of 46 healthy knees during gait 

placed the center of rotation in the lateral compartment for 
the entire stance phase (Koo and Andriacchi 2008). That 
rudimentary technique yields root-mean-square errors of 
up to 24° for bone motion at the knee — larger than the en
tire medial-versus-lateral rotation under debate (Gray et al. 
2019). When measurement noise exceeds the signal, the re
sult cannot be trusted. 
High-speed stereo radiography of 53 adults revealed a 

lateral pivot during gait at < 10° of flexion (Hamilton et al. 
2023). Although the imaging modality is accurate, the pivot 
location was derived using a closest-distance (“low-point” 
or “nearest-point”) method, which is sensitive to the curva
ture of the articular surfaces. That method underestimates 
internal tibial rotation in native knees by approximately 
6.5° compared with the true geometric lowest point — large 
enough to wash out the screw-home signal and convert a 
medial pivot into an apparent lateral one (Simileysky and 
Hull 2024). Hamilton’s lateral-pivot finding is most likely 
an artifact of the method. 
That leaves Kozanek et al (Kozanek et al. 2009). Dual flu

oroscopy of eight healthy knees during the stance phase 
of treadmill gait found greater AP excursion of the medial 
condyle than the lateral — 17.4 ± 2.0 mm vs 7.4 ± 6.1 
mm, p<0.01. The methodology is sound. The result, how
ever, is uncorroborated and is actively contradicted by mul
tiple other in vivo gait studies of the native knee using 
equally accurate or more accurate imaging: single-plane 
fluoroscopy through deep knee bend and gait (Komistek et 
al. 2003), mobile biplane X-ray through complete walking 
strides (Gray et al. 2019), and moving-fluoroscope analysis 
of complete gait cycles (Postolka et al. 2020) all report a 
predominantly medial or central pivot. A single dissenting 

study, however well conducted, does not overturn a finding 
repeated across multiple independent cohorts. 

DEFINE THE SCREW-HOME — THE CAUSE 

The screw-home is multifactorial, but its contributors are 
not equally influential. The cruciate ligaments — primarily 
the ACL — are the necessary and irreplaceable mechanism. 
As the knee approaches full extension, the ACL tightens 
from impingement on the intercondylar roof, limiting ante
rior tibial translation and driving the coupled external ro
tation, while the taut PCL guiding bundle adds an obliquity 
torque (Fuss 1992; Moglo and Shirazi-Adl 2005). Finite ele
ment transection of the ACL substantially alters the screw-
home (Fuss 1992; Moglo and Shirazi-Adl 2005), and direct 
4DCT measurement in ACL-deficient knees shows signif
icantly reduced terminal tibial external rotation in the 
0–15° flexion range compared with the contralateral intact 
knee (Morishige et al. 2022). The remaining contributors 
modulate but do not, on their own, reconstitute the native 
screw-home. The longer articular arc of the medial femoral 
condyle (Monk et al. 2014), the concave upslope of the an
terior medial tibial plateau versus the flatter lateral plateau 
(Rajendran 1985), and the intercondylar eminence deflect
ing the medial condyle (Fuss 1992) all contribute geometri
cally — but in the ACL-deficient knee, where the dominant 
driver is gone, these factors are insufficient. Consistent 
with this, in vivo fluoroscopy of a ball-in-socket medial, 
flat lateral, PCL-retaining design implanted with kinematic 
alignment found the terminal screw-home attenuated rela
tive to the native knee — most plausibly because the ACL is 
absent (Elorza et al. 2023). 
All factors operate only in the terminal arc. Walking 

past heel-strike, stair use, chair-rise, squatting, lunging, 
and running all operate in deeper flexion than this arc, 
where the medial pivot is well established. After the 
methodologically unreliable studies and the single uncor
roborated dissenter are set aside, no native-knee evidence 
contradicts the medial pivot within the 20°–120° arc that 
an implant must serve. 

TRANSLATING NATIVE KINEMATICS INTO A 
TKA 

Most TKA implants require ACL removal, which prevents 
the physiological recreation of the screw-home mechanism 
since the main driver is missing; simply changing the im
plant’s surfaces isn’t enough. Replacing the ligament surgi
cally often doesn’t reliably restore this motion—ACL recon
struction frequently fails to bring back terminal-extension 
rotation during demanding activities (Stergiou et al. 2007). 
Therefore, an implant can’t be expected to do so. Moreover, 
it is not necessary: ACL-deficient knees often function well 
without the screw-home, demonstrating that this motion 
isn’t essential. Designing a lateral pivot without an intact 
ACL is challenging and conflicts with native knee kinemat
ics and ligament laxity patterns. 
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TKA implants must function across the active functional 
arc — walking, sitting, standing, climbing, descending, 
squatting, lunging. In that arc the medial pivot is dominant, 
yet most implants on the market today are designed for a 
knee whose medial and lateral compartments are treated as 
symmetric — a geometry that does not exist in vivo. 
Two articular features follow directly from the anatomy. 

First, the lateral tibial articular surface should be flat, or 
close to it. The native lateral femoral condyle rolls and 
slides 15 mm posteriorly through flexion — the wheel of 
a sidecar on ice. A constraint-free, low-conformity lateral 
surface permits that excursion without imposing a non-na
tive pivot, and prevents paradoxical anterior translation of 
the medial femoral condyle initiated by a posterolateral in
sert rim that obstructs lateral excursion. 
A flat lateral surface leaves the lateral compartment free 

to rotate. When native laxity is restored, as in kinematic 
alignment, the knee’s own soft tissues preserve the mag
nitude of tibial rotation through the active arc — but the 
terminal screw-home, which the ACL drove, is attenuated. 
In vivo fluoroscopy of exactly this design — ball-in-socket 
medial, flat lateral, PCL-retained, implanted with kinematic 
alignment — reproduced native tibial rotation at maximum 
flexion (12–13°, indistinguishable from the native knee) yet 
showed the rotation arriving progressively rather than con
centrated in terminal extension, the screw-home being less 
evident because the ACL is gone (Elorza et al. 2023). Func
tion was nonetheless high (Forgotten Joint Score 69, flexion 
127°), which is the point: the design reproduces the rota
tion it can and forgoes the screw-home it cannot, without 
cost to the patient. The medial-pivot implant design nei
ther blocks terminal rotation nor forces it. What it does not 
do — because no implant can — is recreate the ACL-dri
ven screw-home solely by shape. This is the point that the 
dual-pivot literature leaves unaddressed: those studies cor
relate an observed intraoperative pattern with satisfaction, 
but do not show that implant geometry produces the termi
nal pivot. The opposite is documented — even bicruciate-
retaining TKA, which preserves both cruciates, loses the 
screw-home (Nabeki et al. 2023), and tibial rotation after 
TKA is “not necessarily dictated by implant design” (Beach 
et al. 2019). 
Second, with the lateral side left free, the medial articu

lation does the stabilizing work. A tightly conforming, ball-
in-socket-like medial geometry holds the medial femoral 
condyle to roughly ±2 mm of AP excursion; the two com
partments are coupled exactly as in the native knee. The 
medial socket has an additional role specific to the ACL-
deficient state of the TKA knee: a tall posteromedial insert 
rim mechanically substitutes for the ACL’s AP-stabilizing 
function, restoring the constraint against anterior tibial 
translation that the ACL would otherwise provide. 

WHERE I STAND 

Two financial relationships are fully disclosed in the ICMJE 
form on file with the journal. First, I developed kinematic 

alignment and run its educational platform; however, KA is 
a surgical target, usable with any implant, so it does not 
influence the main question of pivot location. Second, and 
more directly relevant, I receive royalties and consulting 
fees from a manufacturer of a medial-pivot, ball-in-socket 
implant. The literature makes the medial pivot argument, 
which is the lesson worth carrying from this debate. 

THE BOTTOM LINE 

Sort the studies by flexion arc, set aside the pathologic-
knee cohorts and the methodologically unreliable analyses, 
and the medial-versus-lateral pivot controversy mostly dis
appears. The active-arc medial pivot is what the native knee 
does, and a TKA can reproduce it: flat laterally, conforming 
medially with a tall posteromedial rim that mechanically 
substitutes for the ACL’s AP-stabilizing function. What an 
implant cannot do — and need not try — is engineer a sub
stitute for the ACL-driven screw-home. 
The medial pivot is not a marketing slogan. It is what the 

bones do in the arc that matters. Implants should be de
signed for that knee — the one the patient actually brings 
to the operating room, ACL-less and all. 
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