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Abstract
Static anterior tibial translation (sATT) is a reproducible monopodal
weight‐bearing radiographic parameter that reflects the resting sagittal
position of the tibiofemoral joint. Distinct from manual laxity tests that
quantify passive displacement limits, sATT captures the functional
equilibrium of the tibia under physiological load, representing the
cumulative interplay of bony morphology, neuromuscular control, me-
niscal containment and time‐dependent adaptations. Current literature
frequently conflates passive laxity with weight‐bearing sagittal position,
leading to an incomplete understanding of why isolated soft‐tissue re-
constructions fail in biomechanically hostile environments. Elevated
sATT manifests in three clinically distinct sagittal phenotypes with
specific pathomechanisms: osseous anteriorization primarily related
to increased posterior tibial slope and loss of the anterior cruciate liga-
ment; acquired soft‐tissue anteriorization resulting from sagittal
decompensation due to chronic injury and secondary stabilizer, partic-
ularly meniscal deficiency; and inherent soft‐tissue anteriorization
characteristic of generalized hyperlaxity. This paper, Part 1 of a two‐part
series, establishes the biomechanical ‘set‐point’ theory, highlights the
necessity of strict monopedal imaging to unmask instability and defines
how distinct sagittal phenotypes may converge, creating cumulative or
synergistic risk patterns that increase the mechanical burden on the
central pivot.

Level of Evidence: Level V.
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INTRODUCTION: FROM PASSIVE
LAXITY TO WEIGHT‐BEARING
SAGITTAL POSITION

Anterior cruciate ligament (ACL) deficiency increases
anterior tibial translation (ATT), yet objectively quanti-
fying this phenomenon remains challenging in clinical
practice. Consequently, the field moved towards
quantification, initially relying on dynamic stress tests
such as the Lachman test and its instrumented or
stress‐based laxity assessments, such as the KT‐1000
arthrometer (KT‐1000; MEDmetric Corp.), Rolimeter
arthrometer (Aircast Europa) and Telos stress device
(Telos GmbH) [9, 15, 17, 22]. Radiographic extensions
of these concepts were also introduced, such as the
radiographic Lachman test, of which two different
techniques were available [12, 34] and the quadriceps‐
contraction technique [13], aiming to improve objectiv-
ity and reproducibility by visualizing tibial displacement
under controlled conditions. While these techniques
enhanced diagnostic accuracy for ACL insufficiency
[34], they primarily assessed the limits of motion within
the ‘joint play envelope’ rather than the sagittal kine-
matic pattern of the knee. Accordingly, a key unmet
need remains: an objective parameter that captures the
tibia's resting sagittal position under physiological load
rather than its passive displacement limits. Monopedal
weight‐bearing static ATT (sATT) addresses this by
quantifying the equilibrium position of the tibia under
axial load, approximating the early‐stance kinematics
of the knee.

STATIC JOINT KINEMATICS UNDER
PHYSIOLOGIC LOAD

Measured on strict monopedal weight‐bearing lateral
radiographs (Figure 1), sATT represents static joint
kinematics under physiologic load, providing a more
functional assessment than its historical ‘static’ label
might suggest [12]. Unlike passive tests, sATT is
obtained during active weight‐bearing, integrating
the forces of body weight, joint compression, muscle
tone and limb geometry. It captures the sagittal
equilibrium position, the functional ‘set‐point’ of the
tibia relative to the femur, at a specific point in the
stance phase.

The ‘envelope versus set‐point’ theory

Conceptually, instrumented laxity defines the size of
the motion envelope [23], whereas sATT identifies the
functional set‐point within that envelope under load.
This distinction explains why knees with similar in-
strumented laxity may demonstrate markedly different
sATT values and divergent clinical behaviour [45].

When abnormal, sATT indicates a shifted resting
position, an altered balance between joint geometry,
ligamentous restraint and muscular forces that may
persist even after technically adequate ligament
reconstruction. Previous studies showed ACL
reconstruction (ACL‐R) did not decrease monopedal
weight‐bearing based on sATT [11, 35, 36]. This con-
cept is further supported by radiographic and magnetic
resonance imaging (MRI)‐based evidence demon-
strating that clinically successful ACL‐R can normalize
total anteroposterior laxity as measured by in-
strumented laxity tests such as the KT‐1000
(MEDmetric Corp.), Telos stress device (Telos GmbH)
or Rolimeter arthrometer (Aircast Europa) [11, 22, 37],
while leaving the tibia in a persistently anteriorly sub-
luxated position [1, 2].

The nomenclature trap: Distinguishing
monopedal sATT from passive measures

With growing recognition of its clinical relevance, sATT has
recently been incorporated as an adjunct parameter in
decision‐making for tibial slope‐reducing osteotomies
(SROs) in ACL‐deficient and revision settings [21, 33, 49].
However, this renewed attention has introduced significant
heterogeneity in terminology.

A recent consensus statement on posterior tibial slope
(PTS) [49] conflated multiple distinct measurements under
the single umbrella of ‘sATT.’ Notably, it grouped:

1. True sATT: Measured on monopedal weight‐bearing
radiographs at 20–30° of flexion [12].

F IGURE 1 Schematic illustration of the setup for obtaining strict
monopedal weight‐bearing lateral radiographs. This technique is
used to measure static anterior tibial translation, capturing a static
state of the knee under physiologic loading that integrates active
forces, including body weight, joint compression and muscle tone, to
determine the functional sagittal equilibrium ‘set‐point’ of the knee at
a specific point in the stance phase.
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2. Passive anterior tibial subluxation (ATS)/MRI‐based
static ATT: Derived from non‐weight‐bearing MRI
[43] or fluoroscopy in full extension [32].

Why this distinction matters

These modalities interrogate fundamentally different
biomechanical states. ATS reflects a passive (gravity
with the MRI coil), unloaded position, whereas sATT
reflects the knee's behaviour under axial load. Fur-
thermore, measuring sATT on full‐length tibial radio-
graphs may be technically challenging, as accurate
assessment requires appropriate centreing of the x‐ray
beam on the knee joint to optimize femoral condyle
superimposition. This geometry may be difficult to
achieve consistently on long‐leg films centred on the
tibial shaft.

Therefore, we propose that whenever ‘static’ ATT
is reported, a clear distinction must be made re-
garding the acquisition method: specifically, whether
the measure represents a monopedal weight‐

bearing radiographic assessment or a non‐weight‐
bearing MRI or fluoroscopic finding. While these
metrics are related, they represent distinct bio-
mechanical states and are not necessarily
interchangeable.

Why the medial compartment?

The decision to reference sATT to the medial tibial
plateau rather than the lateral compartment is
grounded in the distinct anatomical and kinematic
profiles of the two compartments. The medial com-
partment serves as the primary pivot for sagittal
stability, often described as having a ‘ball‐and‐
socket’ congruence compared to the more mobile,
convex lateral compartment. Consequently, previ-
ous studies indicate that ACL insufficiency produces
a greater and more consistent ATT on the medial
side [12]. Crucially, because a lateral‐based mea-
surement inherently includes an additional anatom-
ical offset dictated by the lateral compartment's

F IGURE 2 Comparison of medial versus lateral static anterior tibial translation (sATT) on bilateral monopedal weight‐bearing radiographs.
The white double‐headed arrows indicate the sagittal width of the medial tibial plateau. The red arrows represent medial‐based sATT, capturing
the primary sagittal translation of the medial pivot. The yellow arrows denote lateral‐based sATT (sLATT), which inherently encompasses the
medial translation distance plus an additional anatomical offset dictated by the lateral compartment's geometry. In this example, the healthy left
knee (L) demonstrates a medial sATT of 11% and an sLATT of 18%. On the injured right knee (R), medial sATT increases to 36% and sLATT to
45%. When evaluating side‐to‐side differences, the medial measurement demonstrates a 3.3‐fold relative increase (36% vs. 11%), whereas the
lateral measurement yields a smaller 2.5‐fold increase (45% vs. 18%). Because the constitutive baseline of the lateral measurement is
inherently higher, it dilutes the relative effect size of the pathological translation. This visualizes why referencing the medial compartment
provides a more sensitive, high‐fidelity marker of sagittal decompensation.
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geometry, its larger constitutive baseline mathe-
matically dilutes the relative magnitude of any
pathological shift. This results in a larger effect size
and lower measurement variability for medial‐sided
sATT, making it a significantly more sensitive marker
of sagittal instability than lateral‐based measure-
ments [12] (Figure 2).

This medial predominance is also corroborated by
in vivo kinematic data. At 36 months after ACL‐R, ti-
biofemoral contact location has been shown to shift
significantly more anteriorly in the medial compartment
compared to the contralateral knee, whereas no sig-
nificant anterior–posterior changes were observed on
the lateral side [24]. These findings further validate the
medial‐based assessment strategy originally proposed
by Dejour and Bonnin [12].

In contrast, recent studies exploring lateral ATT
measurements [47, 48] or non‐weight‐bearing MRI‐
based assessments [31] highlight the ongoing chal-
lenges in achieving measurement reproducibility.
Across the current literature, substantial heterogeneity
exists regarding patient positioning (single‐leg [48] vs.
bilateral stance [47]), knee flexion angles (20° vs. 30°)
and terminology, limiting direct comparability between
cohorts. Furthermore, as this is a rapidly evolving field,

it is important to contextualize recent reports of post-
operative ATT changes following SROs [47] alongside
similar radiographic frameworks established in earlier
literature [7]. Synthesizing these parallel findings will be
critical to addressing current discrepancies and
achieving consensus regarding compartment‐specific
sagittal kinematics.

The necessity of monopedal loading:
Unmasking the instability

The biomechanical rationale for monopedal weight‐
bearing is the necessity of ‘stressing’ the joint to
reveal its functional limits while also applying an
axial load in a walking scenario. Bipedal stance
allows patients to subconsciously offload the
injured limb, masking the true extent of sagittal
decompensation.

This ‘unmasking effect’ is illustrated in Figure 3,
which compares bipedal and monopedal lateral radio-
graphs obtained from the same ACL‐deficient knee.
Under otherwise identical imaging conditions, mono-
pedal loading results in a visibly greater anterior tibial
position. As demonstrated in Figure 4, this example

F IGURE 3 Illustration of sagittal anteriorization under monopedal loading in the setting of Anterior cruciate ligament reconstruction (ACL‐R)
failure. Bipedal (left) and monopedal (right) weight‐bearing lateral radiographs of the same right knee in a 36‐year‐old male presenting with
ACL‐R failure. Reference line a denotes the sagittal width of the medial tibial plateau. Under a bipedal stance, partial load sharing between the
limbs may reduce the apparent degree of sATT, yielding an sATT value of 15% (Line b). Under strict monopedal loading, full weight acceptance
on the affected limb demonstrates a greater anterior tibial position, with an sATT value of 23% (Line c). The relative increase in ATT (c/b) by 50%
shown in the figure represents a case‐specific descriptive comparison between these two measurements and should not be interpreted as a
validated threshold or generalizable estimate. This example illustrates how monopedal imaging may reveal sagittal anteriorization that is less
apparent during bipedal weight‐bearing assessment. sATT, static anterior tibial translation.
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suggests that monopedal sATT may reveal clinically
relevant sagittal anteriorization that is underestimated
during bipedal loading.

This discrepancy highlights that sagittal
decompensation is a patient‐specific, load‐dependent
phenomenon. Consequently, non‐weight‐bearing
imaging (such as with MRI) and even bipedal weight‐
bearing radiographs may significantly underestimate
functionally relevant anteriorization and cannot be
considered interchangeable with strict monopedal
assessments.

DISSOCIATION OF INSTRUMENTED
LAXITY AND WEIGHT‐BEARING
SAGITTAL POSITION

Historically, the primary aim of ACL‐R was to restore
restraint against both anterior tibial translation and
rotatory instability, traditionally quantified by in-
strumented laxity tests and the clinical pivot‐shift
assessment [42]. While ACL‐R consistently

normalizes these passive displacement limits com-
pared with the ACL‐deficient state [42], accumulating
evidence suggests that restoring static, unloaded laxity
does not necessarily restore a normal tibiofemoral
relationship under load.

This dissociation is most clearly demonstrated by
in vivo kinematics. Dynamic stereo x‐ray (DSX)
analysis, considered the gold standard for in vivo
precision, reveals that standard clinical laxity mea-
surements are poor predictors of functional knee
behaviour. Although KT‐1000 anterior laxity may
remain largely unchanged between 5 and 12 months
after ACL‐R, DSX analyses show progressive
increases in functional graft elongation and anterior
tibial translation during gait and running over the
same period [45]. Importantly, no meaningful cor-
relation exists between KT‐1000 values and
dynamic graft length, highlighting a fundamental
distinction: static tests quantify passive motion limits
within the joint play envelope, whereas DSX cap-
tures the functional motion path under muscle‐
driven loading [45]. These findings are corroborated

F IGURE 4 Illustration of the effect of strict monopedal weight‐bearing on measured sagittal anteriorization. Bipedal (left) and monopedal
(right) weight‐bearing lateral radiographs of the same right knee in a 34‐year‐old female with anterior cruciate ligament (ACL) deficiency.
Reference line a denotes the sagittal width of the medial tibial plateau. Under a bipedal stance, partial load sharing between the limbs may
reduce the apparent degree of static anterior tibial translation (sATT), yielding an sATT value of 17% (Line b). Under strict monopedal loading,
full weight acceptance on the affected limb demonstrates a greater anterior tibial position, with an sATT value of 29% (Line c). The relative
increase in ATT (c/b) by 72% shown in the figure represents a case‐specific descriptive comparison between these two measurements and
should not be interpreted as a validated threshold or generalizable estimate. This illustrative example suggests that monopedal imaging may
reveal sagittal anteriorization that is less apparent during bipedal imaging.
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by longer‐term in vivo studies (12–36 months post‐
reconstruction), which consistently report progres-
sive increases in anterior translation despite stable
clinical laxity [5, 24, 46].

Same‐patient evidence: Set‐point versus
envelope

Direct evidence distinguishing the weight‐bearing
sagittal position from passive excursion comes from
studies evaluating both parameters in the same
patients. Dejour et al. demonstrated that while
ACL‐R successfully reduced stress‐induced anterior
tibial translation (from ~7–8 to 3–4 mm), monopedal
sATT remained unchanged [11]. These findings
confirm that non‐weight‐bearing stress measure-
ments quantify the joint's global laxity limits,
whereas monopedal sATT captures the functional
equilibrium set‐point under load. Consequently,
ACL‐R may restore passive restraint without nec-
essarily recentering the tibia to a normal resting
position.

In vivo evidence for the ‘anterior tibial
set‐point’

High‐resolution motion analysis further supports the con-
cept of an altered anterior tibial set‐point in ACL‐deficient
knees. During stance tasks and quasi‐static lunge posi-
tions closely resembling monopedal weight‐bearing, ACL‐
deficient knees exhibit a significant anterior shift (~3mm)
of the tibia compared to the contralateral healthy side at
low flexion angles [10]. In contrast, healthy control cohorts
demonstrate minimal physiological asymmetry, with side‐
to‐side differences averaging ≤1.3mm in translation
across the gait cycle [14].

THE CLINICAL CONSEQUENCE:
WHY THE ‘RESTING POSITION ’
MATTERS

Why does a shifted tibial resting position matter if the
knee is not subjectively unstable? A key answer lies in
the characteristic pattern of post‐traumatic osteoarthritis.
Although the causal pathway is multifactorial, the

F IGURE 5 Long‐term arthrokinematic consequences of chronically elevated static anterior tibial translation (sATT). Bilateral monopedal
weight‐bearing lateral radiographs of a 35‐year old male patient who underwent anterior cruciate ligament reconstruction (ACL‐R) 16 years prior
on the right knee (R) and 7 years prior on the left knee (L). The complaint‐free right knee demonstrates a steep posterior tibial slope (PTS) of 16°
and a highly elevated sATT of 30%. The persistently anteriorized resting position of the tibia has led to chronic posterior loading by the femoral
condyle, resulting in visible posteromedial compartment wear and prominent posterior osteophyte formation (white circle). In contrast, the left
knee exhibits a PTS of 13° and an sATT of 23%, with correspondingly less advanced degenerative changes despite the 7‐year post‐
reconstruction interval. This case visually underscores how an uncorrected, pathological sagittal set‐point acts as a mechanical driver for
compartment‐specific post‐traumatic osteoarthritis.
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literature consistently associates ACL deficiency with
posteromedial compartment wear [28, 29]. When the
tibia rests in a chronically anteriorly subluxated position
(elevated sATT), the femoral condyle loads the posterior
region of the medial tibial plateau rather than the central
concavity. Consistent with this mechanical theory, carti-
lage mapping studies in early post‐traumatic osteo-
arthritis demonstrate degeneration concentrated in the
posterior tibial plateau and the corresponding anterior
loading region of the femoral condyle [52] (Figure 5).

Thus, sATT should not be viewed merely as an
isolated numerical measurement but as a potential
radiographic marker of altered sagittal tibiofemoral
alignment under load. Although direct evidence linking
increased sATT to long‐term joint degeneration
remains limited, anterior tibial shift may be associated
with altered contact mechanics and meniscal or

cartilage loading. Even complaint‐free ACL‐deficient
patients may demonstrate subtle anterior tibial shift and
altered contact patterns, suggesting that functional
stability does not necessarily imply restoration of nor-
mal sagittal alignment [51].

The role of active stabilizers

Dynamic stability ultimately reflects the interaction
between passive restraints (graft, meniscus and bony
geometry including PTS) and active stabilizers. Elec-
tromyographic and kinematic studies indicate that the
quadriceps and gastrocnemius act synergistically dur-
ing stance to increase joint compression; however, they
may also generate an anterior shear component that
tends to drive the tibia forward [23, 42].

F IGURE 6 The ‘PTS effect’ unmasked by anterior cruciate ligament (ACL) deficiency. Bilateral monopedal weight‐bearing lateral
radiographs of a 34‐year old male demonstrating the ACL's critical role as the primary restraint against PTS‐induced anterior tibial translation
(ATT). The healthy left knee (L) establishes the patient's structural baseline; despite a PTS of 10°, the static anterior tibial translation (sATT)
remains fully restrained at 0%, as the intact ligament effectively neutralizes the anterior shear forces. Conversely, the right knee (R) sustained an
ACL rupture with a concomitant lateral meniscal root‐equivalent tear and a medial meniscal body tear. Despite possessing a nearly identical
osseous morphology (PTS = 11°), the loss of the ACL ‘brake’ unleashes the geometric influence of the PTS, resulting in an uncompensated
sATT of 15%. This illustrates how similar anatomical PTS yield drastically divergent sagittal position states depending on the integrity of the
soft‐tissue envelope. PTS, posterior tibial slope.
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While the hamstrings are theoretically capable of
counteracting this translation, their ability to function as
a primary restraint during early weight acceptance ap-
pears limited [23]. Instead, excessive co‐contraction
may produce a ‘stiffening strategy,’ in which the knee is
stabilized but remains locked in an anteriorly sub-
luxated position [42].

CLASSIFYING SAGITTAL KNEE
PHENOTYPES

Elevated sATT should not be interpreted as a single entity
or as a direct surrogate for perceived instability. Rather, it
represents a final common radiographic phenotype arising
from three distinct but clinically convergent mechanisms.

OSSEOUS ANTERIORIZATION
(PTS‐DRIVEN)

Osseous anteriorization is driven by bony morphology,
specifically an increased PTS, which generates an anterior
shear component under axial load and physically biases

the tibia towards an anteriorly translated equilibrium posi-
tion [19, 21]. Biomechanical studies consistently demon-
strate that increased PTS increases ATT [16]. In ACL‐
deficient knees, PTS appears to be the dominant structural
driver of resting sagittal position and influences whether
neuromuscular compensation can meaningfully recenter
the tibia, with steeper PTS producing greater anterioriza-
tion that cannot be fully counteracted [25].

Quantifying the ‘PTS effect’

Clinical studies using monopedal lateral knee radio-
graphs demonstrate that the association between PTS
and sATT is substantially stronger in ACL‐deficient
knees than in ACL‐intact controls [4, 8]. Quantitative
analyses indicate that a 10° increase in PTS corre-
sponds to an approximate 5–6 mm increase in sATT in
ACL‐deficient knees [12], whereas comparative
cohorts report more modest PTS‐related increases in
ACL‐intact knees (e.g., ~3.6 mm vs. ~5.0 mm per 10°
when contrasting intact and deficient states) [5]. When
normalized to medial plateau distance, a 10° increase
in PTS produces a 9.7% increase in sATT in ACL‐

F IGURE 7 Failure of soft‐tissue reconstruction to recenter the tibia in a severely decompensated knee. Preoperative (left) and postoperative
(right) monopedal weight‐bearing lateral radiographs of a 26‐year‐old male (Beighton score 2 and a posterior tibial slope [PTS] of 10°). The
preoperative imaging (left) demonstrates a profoundly anteriorized resting position with a static anterior tibial translation (sATT) of 28%. This
extreme acquired soft‐tissue anteriorization represents an acute‐on‐chronic decompensation: the patient sustained an acute medial meniscal
root tear 1 month prior, superimposed on a 1‐year‐old chronic anterior cruciate ligament (ACL) rupture. The loss of the primary ligamentous
restraint, compounded by the ‘meniscal multiplier’ effect of the root tear, completely destabilizes the sagittal equilibrium. Following isolated soft‐
tissue reconstruction with ACL‐R and transtibial root repair (right), the postoperative sATT remains persistently elevated at 25% under
monopedal axial load. This vividly illustrates that in the setting of chronic deficiency and secondary stabilizer failure, restoring the passive motion
envelope via an anatomical graft is insufficient to normalize the functional sagittal set‐point, leaving the joint chronically subluxated.
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F IGURE 8 The power of osseous correction to restore the sagittal set‐point. Preoperative (left) and postoperative (right) monopedal weight‐
bearing lateral radiographs demonstrating the definitive normalization of static anterior tibial translation (sATT) following slope‐reducing
osteotomy (SRO). (Top) A 37‐year‐old male presenting with chronic sagittal decompensation, demonstrating a preoperative sATTof 15% driven
by a posterior tibial slope (PTS) of 12°. Following combined SRO + revision ACL‐R, the osseous shear vector is neutralized (PTS reduced to 4°),
allowing the joint to auto‐recenter to a physiological sATT of 0% under axial load. (Bottom) A 33‐year‐old male presenting with a highly hostile
structural phenotype (preoperative sATT of 20% and an extreme PTS of 15°). Following isolated SRO, surgically flattening the medial tibial
plateau (PTS reduced to 5°) eliminates the anterior gravitational vector, completely restoring the sagittal equilibrium (sATT = 0%). These cases
provide biomechanical proof that when functional resting subluxation is driven by underlying osseous geometry, modifying the bone is the
definitive mechanism for recentering the tibia. ACL‐R, anterior cruciate ligament reconstruction.
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deficient knees, compared with only a 0.8% increase
in ACL‐intact controls [8]. By utilizing the paired data
from this recent percentage‐based study, wherein a
1 mm absolute translation mathematically equates to
an approximate 2.3% relative translation, historical
findings reported exclusively in millimetres can be
conceptually translated into percentage equivalents
(e.g., a 5 mm absolute shift translates to roughly an
11.5% sATT%). This conversion ratio provides a
useful bridge between legacy millimetre data and
current percentage‐based methods. However, defini-
tively establishing physiological baselines and surgi-
cal thresholds will require future multi‐centre studies
that utilize direct, side‐to‐side comparisons within the
same patients.

Despite variations in historical measurement mod-
alities, the unifying mechanical conclusion remains
clear: the ACL functions as a ‘brake’ on PTS‐induced
translation; once that brake is removed, the geometric
influence of PTS is unleashed (Figure 6).

Clinical implication: Why soft‐tissue
reconstruction may not recenter the tibia

In the setting of high PTS, ACL‐R can restore stress‐
based laxity limits while failing to normalize the tibial
resting position under load [11, 35, 36] (Figure 7). An
anatomical graft may reduce anterior excursion yet
remain chronically exposed to the PTS‐driven anterior
vector. This distinction provides a biomechanically
plausible explanation for why stress‐based laxity
measurements may not fully reflect the sagittal tibial
resting position under weight‐bearing conditions. This
biomechanical vulnerability is mirrored in recent clinical
findings demonstrating that while a steep PTS does not
necessarily impair subjective functional outcomes after
primary ACL‐R, it significantly increases the risk of
ultimate graft failure [39]. This dissociation highlights
the inherent danger of relying on patient‐reported
functional scores to gauge true joint stability in struc-
turally hostile environments.

F IGURE 9 The synergistic role of meniscal loss and chronicity on sagittal decompensation. A 37‐year‐old male patient presenting with an
anterior cruciate ligament reconstruction (ACL‐R) failure. (a) Bilateral monopedal lateral knee radiographs demonstrate marked asymmetric
sagittal position. The healthy right knee shows a posterior tibial slope (PTS) of 7° with 0% static anterior tibial translation (sATT), whereas the left
knee demonstrates an increased PTS of 12° with an elevated sATT of 15%. (b) Magnetic resonance imaging (MRI) obtained approximately
5 years prior, immediately following the index ACL injury, confirms intact posterior horns of both menisci prior to the initial surgical intervention.
The patient subsequently underwent ACL‐R, which failed after 4.5 years. (c) Arthroscopic image obtained during revision surgery demonstrates
a complete radial tear with a significant tissue defect of the medial meniscus posterior horn. (d) Corresponding MRI obtained 5 years after the
index reconstruction confirms the chronic radial tear and meniscal tissue loss, highlighting how progressive secondary stabilizer failure amplifies
slope‐driven anterior translation over time.
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The power of osseous correction:
Re‐establishing the set‐point

Conversely, directly addressing the underlying structural
deformity can definitively restore the sagittal set‐point. In
severely decompensated knees with high PTS, combining
a tibial SRO with revision ACL‐R neutralizes the osseous
shear vector while restoring the soft‐tissue tether, reliably
returning the sATT to a physiological 0%. However, the
mechanical dominance of PTS is most profoundly illus-
trated by patients who undergo isolated SRO in the setting
of chronic ACL graft failure. By surgically flattening the
medial tibial plateau without revising the incompetent soft‐
tissue graft, the anterior gravitational vector is eliminated
and the joint can auto‐recenter to a 0% sATT under axial
load (Figure 8). This phenomenon provides definitive in-
vivo proof of the Structural Phenotype: when the resting
subluxation is driven by osseous geometry, modifying the
bone alone is sufficient to restore a stable functional
equilibrium.

ACQUIRED SOFT‐TISSUE
ANTERIORIZATION (SAGITTAL
DECOMPENSATION AND
SECONDARY STABILIZER
FAILURE)

Acquired soft‐tissue decompensation following ACL
injury is a long‐recognized clinical phenomenon. As
early as the 1980s, radiographic laxity studies dem-
onstrated that anterior tibial translation increases with
the duration of ACL deficiency, indicating a time‐
dependent loss of sagittal restraint [34]. However, iso-
lating the independent effect of injury chronicity from
progressive damage to secondary stabilizers, particu-
larly the menisci, remains challenging.

Even in the absence of overt meniscal pathology,
time alone contributes to sagittal decompensation.
MRI‐based studies evaluating ATS in full extension
have demonstrated progressive anterior tibial posi-
tioning as early as [6–12] months following injury, likely

F IGURE 10 Longitudinal structural remodelling driven by chronic sagittal decompensation. Bipedal lateral radiographs of the index knee in a
female patient, obtained 11 years apart. (a) The initial radiograph, taken at age 15 following an anterior cruciate ligament injury and concomitant
medial meniscal tear, demonstrates a structurally neutral baseline posterior tibial slope (PTS) of 9°. (b) The 11‐year follow‐up
radiograph (demonstrating hardware from two consequent reconstructions) reveals a progressive steepening of the tibial plateau, with the PTS
increasing to 12°. This documented 3° increase over a decade visually confirms the phenomenon of acquired structural anteriorization: persistent
altered kinematics and the chronic loss of the secondary meniscal wedge induce long‐term osseous remodelling, creating a vicious cycle that further
exacerbates the biomechanical hostility of the joint.

SATT‐BASED SAGITTAL PHENOTYPES | 11
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reflecting gradual capsuloligamentous creep and
increasing compliance of the secondary soft‐tissue
envelope [32]. Cross‐sectional analyses further identify
injury chronicity, baseline anterior laxity and knee
hyperextension as independent determinants of pre-
operative ATS, with more pronounced effects observed
beyond 2 years of ACL deficiency [18, 44].

Similar findings have been reported using force‐
controlled laxity testing, in which patients evaluated
1–20 years after ACL injury exhibited sustained sagittal
instability during the transition from non‐weightbearing
to weightbearing compared with both contralateral
knees and healthy controls [3].

The meniscal multiplier effect

Disentangling the effects of time and meniscal injury
is often difficult, as they are inherently linked: most
chronically ACL‐deficient knees ultimately sustain
meniscal damage. Nevertheless, evidence supports

a synergistic relationship in which meniscal injury
acts as an accelerant of sagittal decompensation
(Figure 9).

Using monopedal weight‐bearing radiography,
Macchiarola et al. demonstrated that side‐to‐side dif-
ferences in static anterior tibial translation (ΔsATT)
progressively increase with time from injury, reaching
approximately 4.2 mm in knees deficient for more than
four years compared with 2.0 mm within the first year
[27]. Crucially, this time‐dependent increase was
markedly amplified in meniscal‐deficient knees,
whereas knees with intact menisci maintained subs-
tantially better sagittal position.

Further evidence for this ‘meniscal multiplier’
effect comes from postoperative settings. Dejour
et al. reported that medial meniscal deficiency sig-
nificantly influences knee laxity following ACL
reconstruction [11]. In multivariable regression anal-
ysis, partial medial meniscectomy was independently
associated with an increase of approximately 2 mm in
postoperative sATT.

F IGURE 11 Symmetric constitutional anteriorization driven by generalized joint hypermobility. Bilateral monopedal weight‐bearing
lateral radiographs of a 27‐year‐old female with generalized hyperlaxity (Beighton score 5) and magnetic resonance imaging (MRI)
confirming intact anterior cruciate ligaments (ACL) and menisci bilaterally. The dominant right knee (R) exhibits a posterior tibial slope
(PTS) of 14° and a static anterior tibial translation (sATT) of 17%. The non‐dominant left knee (L) demonstrates a similar osseous profile
with a PTS of 15° and a corresponding sATT of 19%. Despite the absolute sATT values being elevated compared to normomobile
populations, the side‐to‐side difference (ΔsATT) is minimal (2%). Within this framework, this symmetry confirms a benign, patient‐
specific constitutional resting sagittal position dictated by baseline soft‐tissue compliance, rather than a unilateral pathological
decompensation.
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Structural adaptation and the vicious
cycle of sagittal decompensation

Longitudinal observations suggest that persistent anterior
tibial positioning may induce structural remodelling. Martin
et al. reported a progressive increase in lateral PTS on
MRI of approximately 2° over nine years in untreated
ACL‐deficient knees [27]. In a skeletally mature cohort,
Kayaalp et al. demonstrated an increase exceeding 2° in
PTS in the same knees of patients undergoing revision
ACL‐R at long‐term follow‐up, particularly in the presence
of medial meniscal deficiency [20]. These findings sug-
gest a vicious cycle in which acquired soft‐tissue ante-
riorization promotes bony remodelling, which in turn
further amplifies sagittal decompensation (Figure 10).

Defining chronicity: A continuous risk
spectrum

The definition of ‘chronic’ ACL deficiency varies widely in
the literature (ranging from >6 weeks to >2 years), which
obscures clinical decision‐making [12, 26, 48]. However,
the biological reality is a continuous accumulation of risk:

• >3 months: risk of postoperative residual ante-
riorization and/or instability increases [1].

• >6 months: risk of irreparable medial meniscal tears
and abnormal pre‐reconstruction sagittal position
rises significantly [6].

• >12 months: high incidence of medial meniscal and
chondral injury [50], often marking the transition to
established sagittal decompensation.

Pronounced alterations in sagittal weight‐bearing
position, including increased ATS and side‐to‐side dif-
ferences, are most evident in knees with ACL defi-
ciency exceeding 2 years [44].

INHERENT SOFT‐TISSUE
ANTERIORIZATION

Generalized ligamentous laxity represents an inher-
ent soft‐tissue modifier of sagittal knee behaviour
that operates independently of bony morphology or
injury chronicity. Increased compliance of the poste-
rior capsule, meniscocapsular junction and second-
ary soft‐tissue restraints reduces passive resistance

F IGURE 12 Acute pathological anteriorization superimposed on a hyperlax constitutional baseline. Bilateral monopedal weight‐bearing
lateral radiographs of a male patient with generalized joint hypermobility (Beighton score 5). The uninjured left knee (L) establishes the patient's
constitutional and structural baseline, demonstrating a posterior tibial slope (PTS) of 12° and a static anterior tibial translation (sATT) of 11%.
The right knee (R) sustained an acute (<1 month) anterior cruciate ligament (ACL) rupture with a concomitant lateral meniscal root tear. The
affected side exhibits a slightly steeper PTS of 13°. Despite the acute timeframe precluding chronic tissue creep, the combined loss of the
primary ligamentous restraint and a secondary meniscal stabilizer, superimposed on a highly compliant joint and borderline steep morphology,
unleashes an extreme sATTof 36%. This profound pathological shift (ΔATT = 25%) illustrates how constitutional hyperlaxity and increased PTS
act synergistically to lower the threshold for severe sagittal decompensation following acute structural injury.
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to anterior tibial positioning, predisposing hyperlax
knees to a more anterior resting position under
physiological load. This effect is typically symmetric
and bilateral, reflecting a systemic connective tissue
phenotype rather than a unilateral pathological pro-
cess (Figure 11).

Direct data quantifying sATT in generalized joint
hypermobility (GJH) populations are limited. However,
dynamic in vivo data suggest that a hypermobile phe-
notype directly influences weight‐bearing kinematics.
Zeng et al. demonstrated increased ATT during gait in
GJH subjects compared with normomobile controls,
even in the absence of structural injury [53]. This
implies that inherent soft‐tissue compliance likely ex-
acerbates the shifted resting position seen in ACL‐
deficient knees.

Clinically, GJH has been associated with increased
ACL injury risk and greater postoperative laxity after
ACL‐R [30, 41]. Moreover, Sundemo et al. demonstrated
increased rotatory laxity in contralateral, uninjured knees

of hyperlax patients, supporting a bilateral baseline effect
[40]. Constitutional anteriorization should therefore be
regarded as a background modifier that lowers the
threshold for clinically relevant anteriorization when
combined with adverse geometry, meniscal deficiency or
ligament injury (Figure 12).

Importantly, increased ATT may be a patient‐
specific trait rather than purely an injury outcome. Kvist
demonstrated that ‘non‐copers’ exhibited anterior tibial
positions on their uninjured side comparable to the
injured side of ‘copers’ [23]. This suggests a constitu-
tionally anterior tibial resting position, likely driven by
PTS, laxity, or both and may predispose patients to
poorer functional adaptation even before injury occurs.
Higher preoperative ATT has similarly been associated
with inferior postoperative results [38], reinforcing that
constitutional anteriorization is a risk factor that may
persist despite reconstruction.

In this context, bilateral imaging and side‐to‐side
comparison remain informative, not to define

F IGURE 13 The ‘double hit’ phenomenon: Synergistic compounding of structural and functional anteriorization. Bilateral monopedal weight‐
bearing lateral radiographs of a 34‐year‐old male (Beighton score 0) with bilateral chronic anterior cruciate ligament reconstruction (ACL‐R)
failures. Because hyperlaxity is absent, the elevated resting sagittal positions are driven entirely by osseous and acquired soft‐tissue double
hits. The symptomatic left knee (L) demonstrates a structurally steep posterior tibial slope (PTS) of 15°, compounded by a recent ACL‐R failure
and a horizontal medial meniscal tear, resulting in a static anterior tibial translation (sATT) of 20%. Conversely, the right knee (R) illustrates a
more extreme functional decompensation: despite a less severe PTS of 12°, a 7‐year chronic ACL‐R failure combined with a complete radial
tear and absent posterior medial meniscal tissue unleashes a profound pathological resting position, with the sATT surging to 27%. This vividly
confirms that the complete loss of the secondary meniscal wedge can synergistically compound with even moderate osseous geometry, driving
the joint into severe sagittal decompensation.
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‘normality,’ but to identify superimposed asymmetry
beyond a patient‐specific hyperlax baseline.

THE ‘DOUBLE HIT ’ PHENOMENON:
SYNERGISTIC COMPOUNDING
OF RISK

While osseous, acquired soft‐tissue‐based and
inherent soft‐tissue‐based anteriorization can inde-
pendently drive elevated sATT, they most frequently
present in tandem. A ‘double hit’ occurs when two
distinct mechanisms converge, synergistically
increasing the mechanical burden on the central
pivot. The most common clinical manifestation is the
combination of osseous and acquired soft‐tissue‐
based anteriorization: for example, a patient with a
steep PTS who sustains a meniscal tear or under-
goes chronic tissue creep (Figure 13). In this sce-
nario, the osseous geometry provides the
continuous anterior shear vector, while the loss of

the posterior meniscal wedge removes the critical
secondary restraint, unleashing the PTS's full
mechanical influence.

Alternatively, an inherent soft‐tissue anterioriza-
tion (generalized hyperlaxity) combined with an
acute structural failure (ACL and meniscal injury)
can produce a profound decompensatory effect,
even without severe chronicity or extreme PTS.
These compounding ‘double hits’ represent the ex-
act clinical threshold where isolated soft‐tissue
reconstruction becomes biomechanically insuffi-
cient. In these highly hostile environments, an SRO
may be necessary to permanently alter the
bony morphology and restore sagittal equilibrium
(Figure 14). Concurrently or alternatively, lateral
extra‐articular procedures may be indicated to act
as a protective tether to protect the ACL graft; recent
dynamic in vivo data suggest these procedures also
provide a temporary restriction of sagittal translation
during the vulnerable early postoperative healing
phase [5].

F IGURE 14 The ‘double hit’ of acute structural failure superimposed on an inherent soft‐tissue hyperlax baseline. Bilateral monopedal
weight‐bearing lateral radiographs of a 17‐year‐old male presenting with a 1‐month‐old acute non‐contact injury to the left knee. The patient
demonstrates systemic hyperlaxity (Beighton score 5) and bilateral knee recurvatum. The uninjured right knee (R) establishes the patient's
constitutional baseline, showing a normal posterior tibial slope (PTS) of 10° but an elevated static anterior tibial translation (sATT) of 17%, driven
by physiological soft‐tissue compliance. The injured left knee (L) sustained an anterior cruciate ligament (ACL) rupture with a concurrent lateral
posterior horn tear expanding into the meniscal root. Despite the protective, flat osseous geometry (10° PTS) and the acute timeframe
precluding chronic tissue creep, the sudden loss of the primary ligamentous and secondary meniscal restraints triggers a severe ‘double hit’
decompensation. The sATT on the affected side surges to 28%, creating a marked side‐to‐side discrepancy (ΔsATT = 11%). This vividly
illustrates how an inherent soft‐tissue laxity drastically lowers the threshold for extreme anteriorization following acute injury, underscoring the
potential need for augmented surgical stabilization even in the absence of steep structural geometry.
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THE ‘TRIPLE HIT ’ PHENOMENON:
SYNERGISTIC EFFECTS OF
CONCURRENT CONFOUNDERS

When a patient presents with multiple concurrent risk
factors, the resulting sATT can reach extreme values
that cannot be attributed to a single variable, such as
isolated increased PTS. This convergence of osse-
ous, acquired soft‐tissue‐based and inherent soft‐
tissue‐based anteriorization constitutes the ‘triple hit’
phenomenon, a worst‐case biomechanical scenario
representing a phenotype at extreme risk for primary
and recurrent ACL graft failure.

A classic presentation involves a patient with gen-
eralized hyperlaxity (inherent soft‐tissue anterioriza-
tion), an increased PTS (osseous anteriorization) and a
chronic ACL tear with concomitant meniscal deficiency
(acquired soft‐tissue anteriorization). Because of their
hyperlaxity, these patients already operate with an
elevated baseline sATT. This fragile equilibrium is
severely disrupted upon ACL injury, as the steep
osseous geometry is unleashed. Over time, the chro-
nicity of the injury and the progressive failure of

secondary meniscal stabilizers further degrade sagittal
containment, culminating in catastrophic instability and
near‐subluxation sATT values (Figure 15).

Clinically, this phenotype may help explain selected
cases of early or recurrent ACL‐R failure in which multiple
sagittal risk factors coexist. However, direct evidence
defining this presentation as a distinct clinical entity
remains limited. Therefore, these patients should be
evaluated using a comprehensive, kinematics‐focused
approach that considers PTS, sATT, generalized laxity,
injury chronicity and secondary stabilizer deficiency. In
selected high‐risk cases, particularly when increased PTS
is accompanied by persistent sagittal anteriorization, SRO
osteotomy may be considered as an adjunct to ligamen-
tous revision rather than relying on isolated soft‐tissue
reconstruction alone.

CONCLUSION

The functional resting position of the knee is a
complex interplay of osseous geometry, soft‐tissue
compliance and time. Recognizing these distinct

F IGURE 15 The ‘triple hit’ phenomenon resulting in extreme sagittal decompensation and atraumatic graft failure. Bilateral monopedal
weight‐bearing lateral radiographs of a 23‐year‐old female presenting with an atraumatic anterior cruciate ligament reconstruction (ACL‐R)
failure on the left knee (L). This case illustrates the compounding effect of concurrent isolated confounders. The uninjured right knee (R)
demonstrates an osseously and inherently elevated baseline static anterior tibial translation (sATT) of 20%, driven by generalized hyperlaxity
(Beighton score = 5) and a posterior tibial slope (PTS) of 14°. On the affected left knee, the convergence of a steeper osseous morphology
(PTS = 16°), inherent hyperlaxity and severe injury chronicity (index ACL‐R performed 7 years post‐injury, allowing for catastrophic acquired
secondary stabilizer creep) culminates in an extreme sATT of 52%. This near‐subluxation state highlights how the ‘triple hit’ exponentially
deteriorates the sagittal set‐point, creating a hostile biomechanical environment that dooms isolated soft‐tissue reconstruction.
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phenotypes—osseous, acquired soft‐tissue and
inherent soft‐tissue—is the first step towards moving
beyond passive laxity limits. Part 2 of this series will
build on this phenotypic framework by introducing
the assessment‐led personalization system, a clini-
cal algorithm designed to measure, interpret and
surgically address these specific sagittal
phenotypes.

AUTHOR CONTRIBUTIONS
All listed authors contributed substantially to this work.
All authors read and approved the final manuscript for
submission and publication. Writing—original draft,
writing—review and editing: Mahmut Enes Kayaalp.
Writing—review and editing: Hamit Caglayan Kahra-
man, Tunay Erden, Christoph Lutter, Sven Scheffler,
Omer Taser, Roland Becker, Michael T. Hirschmann
and David H. Dejour.

FUNDING
The authors have no funding to report.

CONFLICT OF INTEREST STATEMENT
Mahmut Enes Kayaalp: Deputy Editor‐in‐Chief of Knee
Surgery, Sports Traumatology, Arthroscopy (KSSTA).
Michael T. Hirschmann: Editor‐in‐Chief of KSSTA. The
other authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
Available upon request.

ETHICS STATEMENT
The authors have nothing to report.

ORCID
Mahmut Enes Kayaalp https://orcid.org/0000-0002-
9545-7454

REFERENCES
1. Almekinders L, Chiavetta J, Clarke J. Radiographic eva-

luation of anterior cruciate ligament graft failure with special
reference to tibial tunnel placement. Arthroscopy. 1998;
14(2):206–11.

2. Almekinders LC, de Castro D. Fixed tibial subluxation after
successful anterior cruciate ligament reconstruction. Am
J Sports Med. 2001;29(3):280–3.

3. Beynnon BD, Fleming BC, Labovitch R, Parsons B. Chronic
anterior cruciate ligament deficiency is associated with
increased anterior translation of the tibia during the transition
from non‐weightbearing to weightbearing. J Orthop Res. 2002;
20(2):332–7.

4. Cance N, Dan MJ, Pineda T, Demey G, Dejour DH. Radio-
graphic investigation of differences in static anterior tibial
translation with axial load between isolated ACL injury and
controls. Am J Sports Med. 2024;52(2):338–43.

5. Chiba D, Gale T, Nishida K, Suntaxi F, Lesniak BP, Fu FH, et al.
Lateral extra‐articular tenodesis contributes little to change

in vivo kinematics after anterior cruciate ligament
reconstruction: a randomized controlled trial. Am J Sports Med.
2021;49(7):1803–12.

6. Cristiani R, Janarv PM, Engström B, Edman G, Forssblad M,
Stålman A. Delayed anterior cruciate ligament reconstruction
increases the risk of abnormal prereconstruction laxity, carti-
lage, and medial meniscus injuries. Arthroscopy. 2021;37(4):
1214–20.

7. Dan MJ, Cance N, Pineda T, Demey G, Dejour DH. Four to 6
degrees is the target posterior tibial slope after tibial deflection
osteotomy according to the knee static anterior tibial translation.
Arthroscopy. 2023;40:846–54.

8. Dan MJ, Cance N, Pineda T, Demey G, Dejour DH. A radio-
graphic investigation exploring differences in static anterior tibial
translation expressed as a percentage between ACL‐deficient
and ‐intact patients to improve interobserver variability between
different centers. Orthop J Sports Med. 2025;13(6):
23259671251330310.

9. Daniel DM, Stone ML, Sachs R, Malcom L. Instrumented
measurement of anterior knee laxity in patients with acute
anterior cruciate ligament disruption. Am J Sports Med. 1985;
13(6):401–7.

10. Defrate LE, Papannagari R, Gill TJ, Moses JM, Pathare NP,
Li G. The 6 degrees of freedom kinematics of the knee after
anterior cruciate ligament deficiency: an in vivo imaging analy-
sis. Am J Sports Med. 2006;34(8):1240–6.

11. Dejour D, Pungitore M, Valluy J, Nover L, Saffarini M, Demey G.
Tibial slope and medial meniscectomy significantly influence
short‐term knee laxity following ACL reconstruction. Knee Surg
Sports Traumatol Arthrosc. 2019;27(11):3481–9.

12. Dejour H, Bonnin M. Tibial translation after anterior cruciate
ligament rupture. Two radiological tests compared. J Bone Joint
Surg Br. 1994;76(5):745–9.

13. Franklin JL, Rosenberg TD, Paulos LE, France EP. Radio-
graphic assessment of instability of the knee due to rupture of
the anterior cruciate ligament. A quadriceps‐contraction tech-
nique. J Bone Joint Surg. 1991;73(3):365–72.

14. Gale T, Anderst W. Asymmetry in healthy adult knee kinematics
revealed through biplane radiography of the full gait cycle.
J Orthop Res. 2019;37(3):609–14.

15. Ganko A, Engebretsen L, Ozer H. The rolimeter: a new arth-
rometer compared with the KT‐1000. Knee Surg Sports
Traumatol Arthrosc. 2000;8(1):36–9.

16. Giffin JR, Vogrin TM, Zantop T, Woo SLY, Harner CD. Effects of
increasing tibial slope on the biomechanics of the knee. Am
J Sports Med. 2004;32(2):376–82.

17. Gurtler RA, Stine R, Torg JS. Lachman test evaluated. Quan-
tification of a clinical observation. Clin Orthop Relat Res. 1987;
Mar(216):141–50.

18. Kakiage H, Hatayama K, Nonaka S, Terauchi M, Iriuchishima T,
Hashimoto S, et al. Factors associated with anterior tibial sub-
luxation in anterior cruciate ligament‐deficient knees. J Knee
Surg. 2025;39:93–8.

19. Kayaalp ME, Apseloff NA, Lott A, Kaarre J, Hughes JD,
Ollivier M, et al. Around‐the‐knee osteotomies. Part 1: defini-
tions, rationale and planning‐state of the art. J ISAKOS. 2024;9:
645–57.

20. Kayaalp ME, Inoue J, Nukuto K, Giusto JD, Ahrendt G,
Hughes JD, et al. Posterior tibial slope increases over time in
patients undergoing revision ACL reconstruction: a long‐term
radiographic follow‐up study. Knee Surg Sports Traumatol
Arthrosc. 2025;34:1623–30.

21. Kayaalp ME, Winkler P, Zsidai B, Lucidi GA, Runer A, Lott A,
et al. Slope osteotomies in the setting of anterior cruciate liga-
ment deficiency. J Bone Jt Surg. 2024;106(17):1615–28.

SATT‐BASED SAGITTAL PHENOTYPES | 17

 14337347, 0, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/ksa.70501 by Istanbul Saglik V

e T
eknoloji U

niversitesi, W
iley O

nline L
ibrary on [17/07/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-9545-7454
https://orcid.org/0000-0002-9545-7454


22. Keizer MNJ, Otten E. Passive anterior tibia translation in ante-
rior cruciate ligament‐injured, anterior cruciate ligament‐
reconstructed and healthy knees: a systematic review.
Musculoskeletal surgery. 2019;103(2):121–30.

23. Kvist J. Sagittal plane translation during level walking in
poor‐functioning and well‐functioning patients with anterior
cruciate ligament deficiency. Am J Sports Med. 2004;32(5):
1250–5.

24. Lin L, Li JS, Kernkamp WA, Hosseini A, Kim C, Yin P, et al.
Postoperative time dependent tibiofemoral articular carti-
lage contact kinematics during step‐up after ACL
reconstruction. Journal of Biomechanics. 2016;49(14):
3509–15.

25. Liu W, Maitland ME. Influence of anthropometric and mechan-
ical variations on functional instability in the ACL‐deficient knee.
Ann Biomed Eng. 2003;31(10):1153–61.

26. Macchiarola L, Jacquet C, Dor J, Zaffagnini S, Mouton C,
Seil R. Side‐to‐side anterior tibial translation on monopodal
weightbearing radiographs as a sign of knee decompensation in
ACL‐deficient knees. Knee Surg Sports Traumatol Arthrosc.
2022;30(5):1691–9.

27. Martin RK, Ekås GR, Benth J, Kennedy N, Moatshe G,
Krych AJ, et al. Change in posterior tibial slope in skeletally
immature patients with anterior cruciate ligament injury: a case
series with a mean 9 years' follow‐up. Am J Sports Med. 2021;
49(5):1244–50.

28. Moschella D, Blasi A, Leardini A, Ensini A, Catani F. Wear
patterns on tibial plateau from varus osteoarthritic knees. Clin
Biomech. 2006;21(2):152–8.

29. Mullaji AB, Marawar SV, Luthra M. Tibial articular cartilage wear
in varus osteoarthritic knees: correlation with anterior cruciate
ligament integrity and severity of deformity. J Arthroplasty.
2008;23(1):128–35.

30. Myer GD, Ford KR, Paterno MV, Nick TG, Hewett TE. The
effects of generalized joint laxity on risk of anterior cruciate
ligament injury in young female athletes. Am J Sports Med.
2008;36(6):1073–80.

31. Ni Q, Song G, Zhang Z, Zheng T, Feng Z, Cao Y, et al. Steep
posterior tibial slope and excessive anterior tibial translation
are predictive risk factors of primary anterior cruciate liga-
ment reconstruction failure: a case‐control study with pro-
spectively collected data. Am J Sports Med. 2020;48(12):
2954–61.

32. Nishida K, Matsushita T, Araki D, Sasaki H, Tanaka T, Hoshino Y,
et al. Analysis of anterior tibial subluxation to the femur at maxi-
mum extension in anterior cruciate ligament‐deficient knees.
J Orthop Surg. 2019;27(1):2309499019833606.

33. Ollivier M, Mabrouk A, Parratte S, Kley K, Hirschmann MT.
Beyond the posterior tibial slope: rethinking anterior cruciate
ligament (ACL) re‐rupture risk through integrated scoring:
introducing the ACL + slope tracing risk‐factor algorithm (A +
STRA) score: a personalised, risk‐based approach to optimis-
ing ACL revision strategy. Knee Surg Sports Traumatol
Arthrosc. 2025;34:804–14.

34. Pässler HH, März S. Der radiologische Lachman‐Test—eine
einfache und sichere Methode zum Nachweis von Kreuz-
bandschäden. Unfallchirurgie. 1986;12(6):295–300.

35. Pineda T, Cance N, Dan MJ, Demey G, Dejour DH.
Evaluation of anterior tibial translation under physiological
axial load after ACL reconstruction with lateral extra‐
articular tenodesis. Orthop J Sports Med. 2024;12(5):
23259671241246111.

36. Pineda T, Cance N, Dan MJ, Demey G, Dejour DH. No impact
of graft size or time to surgery on anterior tibial translation under
weight‐bearing following ACL reconstruction. J Exp Orthop.
2025;12(1):e70130.

37. Romandini I, Cance N, Dan MJ, Pineda T, Pairot de Fontenay B,
Demey G, et al. A non‐weight bearing protocol after ACL
reconstruction improves static anterior tibial translation in patients
with elevated slope and increased weight bearing tibial anterior
translation. J Exp Orthop. 2023;10(1):142.

38. Song G, Zhang H, Zhang J, Zhang Z, Zheng T, Feng H. Excessive
preoperative anterior tibial subluxation in extension is associated
with inferior knee stability after anatomic anterior cruciate ligament
reconstruction. Am J Sports Med. 2020;48(3):573–80.

39. Souvik P, Ghandour M, Siret E, Sammartino F, Antoine P,
Ollivier M. High posterior tibial slope increases graft failure risk
but does not impair functional outcomes after primary ACL
reconstruction. Knee Surg Sports Traumatol Arthrosc. 2025.
https://doi.org/10.1002/ksa.70154

40. Sundemo D, Blom A, Hoshino Y, Kuroda R, Lopomo NF,
Zaffagnini S, et al. Correlation between quantitative pivot shift and
generalized joint laxity: a prospective multicenter study of ACL
ruptures. Knee Surg Sports Traumatol Arthrosc. 2018;26(8):
2362–70.

41. Sundemo D, Hamrin Senorski E, Karlsson L, Horvath A,
Juul‐Kristensen B, Karlsson J, et al. Generalised joint hy-
permobility increases ACL injury risk and is associated with
inferior outcome after ACL reconstruction: a systematic
review. BMJ Open Sport Exerc Med. 2019;5(1):e000620.

42. Tagesson S, Oberg B, Kvist J. Tibial translation and muscle
activation during rehabilitation exercises 5 weeks after anterior
cruciate ligament reconstruction. Scand J Med Sci Sports.
2010;20(1):154–64.

43. Tanaka MJ, Jones KJ, Gargiulo AM, Delos D, Wickiewicz TL,
Potter HG, et al. Passive anterior tibial subluxation in anterior
cruciate ligament‐deficient knees. Am J Sports Med. 2013;
41(10):2347–52.

44. Tanaka Y, Kita K, Takao R, Amano H, Uchida R, Shiozaki Y, et al.
Chronicity of anterior cruciate ligament deficiency, part 1: effects
on the tibiofemoral relationship before and immediately after
anatomic ACL reconstruction with autologous hamstring grafts.
Orthop J Sports Med. 2018;6(1):2325967117750813.

45. Tashman S, Kolowich P, Collon D, Anderson K, Anderst W.
Dynamic function of the ACL‐reconstructed knee during run-
ning. Clin Orthop Relat Res. 2007;454:66–73.

46. Tashman S, Zandiyeh P, Irrgang JJ, Musahl V, West RV,
Shah N, et al. Anatomic single‐ and double‐bundle ACL
reconstruction both restore dynamic knee function: a random-
ized clinical trial—part II: knee kinematics. Knee Surg Sports
Traumatol Arthrosc. 2021;29(8):2676–83.

47. Tollefson LV, Kennedy NI, Banovetz MT, Homan MD,
Engebretsen L, Moatshe G, et al. Supratubercle anterior closing
wedge osteotomy: no changes in patellar height and significant
decreases in anterior tibial translation at 6 months post-
operatively. Am J Sports Med. 2024;52(8):1990–6.

48. Tollefson LV, Otremba JR, Knowlan CJ, Kennedy NI,
Larson CM, LaPrade CM, et al. Correlation of increased lateral
tibial slope with baseline tibial position in intact knees and side‐
to‐side anterior tibial translation for knees with ACL tears. Am
J Sports Med. 2025;53(2):343–9.

49. Wackerle AM, Marcaccio S, Apseloff N, Getgood A, Musahl V,
Tapasvi S, et al. Assessment and surgical correction of posterior
tibial slope in revision anterior cruciate ligament surgery: an inter-
national expert Delphi consensus statement. J ISAKOS. 2025;
13:100900.

50. Wang H, Liu Z, Li B, Wu H, Pan L, Zhang D, et al. Longer time
between anterior cruciate ligament injury and reconstruction is
associated with a greater risk of medial meniscus injury. J Exp
Orthop. 2024;11(4):e70101.

51. Yang C, Tashiro Y, Lynch A, Fu F, Anderst W. Kinematics and
arthrokinematics in the chronic ACL‐deficient knee are altered

18 | SATT‐BASED SAGITTAL PHENOTYPES

 14337347, 0, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/ksa.70501 by Istanbul Saglik V

e T
eknoloji U

niversitesi, W
iley O

nline L
ibrary on [17/07/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/ksa.70154


even in the absence of instability symptoms. Knee Surg Sports
Traumatol Arthrosc. 2018;26(5):1406–13.

52. Zeng X, Lin F, Huang W, Kong L, Zeng J, Guo D, et al. Chronic
ACLD knees with early developmental cartilage lesions ex-
hibited increased posterior tibial translation during level walking.
Orthop Surg. 2024;16(6):1364–73.

53. Zeng X, Zhong G, Yang T, Xie Z, Ma L, Huang W, et al. Gen-
eralized joint hypermobility subjects without knee hyper-
extension have greater walking anterior tibial translation and
flexion angle than those with knee hyperextension. Gait Posture
2023;101:166–72.

How to cite this article: Kayaalp ME, Kahraman
HC, Erden T, Lutter C, Scheffler S, Taser O, et al.
Defining sagittal knee phenotypes via monopedal
static anterior tibial translation. Part 1: translating
weight‐bearing sagittal position into clinical risk
profiles. Knee Surg Sports Traumatol Arthrosc.
2026;1–19. https://doi.org/10.1002/ksa.70501

SATT‐BASED SAGITTAL PHENOTYPES | 19

 14337347, 0, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/ksa.70501 by Istanbul Saglik V

e T
eknoloji U

niversitesi, W
iley O

nline L
ibrary on [17/07/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/ksa.70501

	Defining sagittal knee phenotypes via monopedal static anterior tibial translation. Part 1: Translating weight-bearing sagittal position into clinical risk profiles
	INTRODUCTION: FROM PASSIVE LAXITY TO WEIGHT-BEARING SAGITTAL POSITION
	STATIC JOINT KINEMATICS UNDER PHYSIOLOGIC LOAD
	The 'envelope versus set-point' theory
	The nomenclature trap: Distinguishing monopedal sATT from passive measures
	Why this distinction matters
	Why the medial compartment?
	The necessity of monopedal loading: Unmasking the instability

	DISSOCIATION OF INSTRUMENTED LAXITY AND WEIGHT-BEARING SAGITTAL POSITION
	Same-patient evidence: Set-point versus envelope
	In vivo evidence for the 'anterior tibial set-point'

	THE CLINICAL CONSEQUENCE: WHY THE 'RESTING POSITION' MATTERS
	The role of active stabilizers
	CLASSIFYING SAGITTAL KNEE PHENOTYPES

	OSSEOUS ANTERIORIZATION (PTS-DRIVEN)
	Quantifying the 'PTS effect'
	Clinical implication: Why soft-tissue reconstruction may not recenter the tibia
	The power of osseous correction: Re-establishing the set-point

	ACQUIRED SOFT-TISSUE ANTERIORIZATION (SAGITTAL DECOMPENSATION AND SECONDARY STABILIZER FAILURE)
	The meniscal multiplier effect
	Structural adaptation and the vicious cycle of sagittal decompensation
	Defining chronicity: A continuous risk spectrum

	INHERENT SOFT-TISSUE ANTERIORIZATION
	THE 'DOUBLE HIT' PHENOMENON: SYNERGISTIC COMPOUNDING OF RISK
	THE 'TRIPLE HIT' PHENOMENON: SYNERGISTIC EFFECTS OF CONCURRENT CONFOUNDERS
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES




