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Abstract 
 
Aims: Adult-acquired flatfoot deformity (AAFD) research has historically emphasized posterior 

tibial tendon dysfunction while underestimating medial ankle ligamentous pathology. This study 

systematically examines how specific methodological biases in research design have obscured 

the early and mechanistically significant role of the spring ligament and deltoid ligament complex. 

Methods: Analyzed 195 papers from multi-database searches (SciSpace, PubMed, Google 

Scholar) examining AAFD pathomechanics, imaging assessment, and clinical outcomes 

published between 2010-2025. Studies were systematically evaluated for five categories of 

methodological bias: temporal bias (study design and timing), assessment bias (measurement 

approaches), measurement bias (outcome instruments), publication bias (reporting patterns), and 

conceptual bias (theoretical frameworks). 

Results: Five interconnected methodological biases were identified. Temporal bias: 85% of 

studies employed cross-sectional designs preventing determination of primary versus secondary 

pathology. Assessment bias: reliance on static imaging underestimated dynamic ligamentous 

function, with weight-bearing CT revealing pathology invisible on conventional imaging. 

Measurement bias: absence of validated ligament-specific outcome measures created circular 

reasoning where ligament pathology was deemed clinically irrelevant. Publication bias: surgical 

literature overrepresented tendon-focused interventions by 4:1 ratio. Conceptual bias: tendon-

centric paradigms predetermined research questions and variable selection. 

Conclusion: Methodological choices, not biological reality, have systematically underestimated 

ligament contributions to flatfoot progression. Addressing these limitations requires longitudinal 

study designs, dynamic functional assessment protocols, development of validated ligament-
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specific outcome measures, and hypothesis-driven research explicitly testing ligament roles. 

Recognition of these biases is essential for advancing AAFD pathomechanics understanding and 

improving clinical assessment strategies.  

 

Keywords: Adult-Acquired Flatfoot Deformity; Ligament Pathology; Research Methodology; Study Design; 
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Introduction 
Adult-acquired flatfoot deformity (AAFD), also termed progressive collapsing foot deformity 

(PCFD), represents a complex biomechanical pathology affecting millions of adults worldwide 

[1,2]. The dominant clinical and research narrative attributes this condition primarily to posterior 

tibial tendon dysfunction (PTTD), with medial ankle ligamentous structures the spring ligament 

complex and deltoid ligament relegated to secondary, late-stage roles.[3,4] This tendon-centric 

paradigm has shaped diagnostic algorithms, treatment protocols, and research priorities for over 

four decades. 

However, emerging evidence from computational biomechanics, advanced imaging, and 

cadaveric gait simulation studies increasingly challenges this hierarchical model. [5-8] These 

studies suggest that ligamentous pathology may occur earlier, contribute more substantially to 

deformity progression, and possess greater mechanistic significance than traditionally 

recognized. Biomechanical analyses demonstrate that medial ankle ligaments experience peak 

tensile stresses 2-3 times greater than the posterior tibial tendon during normal gait, [9,10] 

suggesting ligaments may be at higher risk for early pathology. Weight-bearing computed 

tomography (WBCT) studies reveal that ligamentous insufficiency produces measurable changes 

in talar translation and medial column alignment that are invisible on conventional imaging. [11,12] 

Despite this accumulating evidence, ligamentous contributions remain systematically 

underappreciated in the AAFD literature. The persistent disconnect between mounting evidence 

and clinical recognition raises a critical methodological question: Has the apparent secondary role 

of ligaments been predetermined by the methods used to study them rather than reflecting 

biological reality? This perspective examines five interconnected methodological biases that have 

systematically obscured ligamentous contributions to AAFD progression: temporal bias, 

assessment bias, measurement bias, publication bias, and conceptual bias. By identifying how 

methodological choices shape and potentially distort our understanding of disease 

pathophysiology, we aim to provide a roadmap for future research that accurately captures the 

mechanistic role of medial ankle ligaments in progressive flatfoot deformity.  

Methods 

Conducted comprehensive literature searches across three databases (SciSpace, PubMed, 
Google Scholar) using search terms related to adult-acquired flatfoot deformity, posterior tibial 
tendon dysfunction, spring ligament pathology, deltoid ligament insufficiency, biomechanical 
assessment, and clinical outcomes. Search covered publications from 2010-2025, with inclusion 
of seminal earlier works. After duplication and AI-powered relevance reranking, 195 unique 
papers formed the evidence base for this analysis. 

Each included study was systematically evaluated for five categories of methodological bias. 
Temporal bias assessment examined study design classification (cross-sectional vs. 
longitudinal), timing of assessment relative to disease course, and ability to distinguish temporal 
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sequence of pathological changes. Assessment bias evaluation analyzed imaging modalities 
employed, weight-bearing vs. non-weight-bearing protocols, static vs. dynamic assessment 
approaches, and ability to capture functional ligamentous loading. Measurement bias analysis 
examined outcome measures utilized, presence/absence of ligament-specific metrics, validation 
status of assessment tools, and sensitivity to ligamentous pathology. Publication bias examination 
reviewed intervention focus (tendon vs. ligament procedures), reporting of negative findings, 
comparative study availability, and citation patterns. Conceptual bias identification analyzed 
research question framing, hypothesis structure, variable selection, and interpretation 
frameworks. 

Studies demonstrating multiple bias types were categorized accordingly, with particular attention 

to how methodological choices influenced conclusions regarding ligament importance. For each 

bias category, examined: (1) the specific methodological features that create bias, (2) the 

mechanism by which these bias influences conclusions, (3) evidence demonstrating the bias 

exists, and (4) the cumulative impact on field understanding. compared AAFD research 

methodology to other musculoskeletal conditions where similar biases have been identified and 

addressed. 

Results 
Temporal Bias: The Cross-Sectional Trap 

Analysis of the literature revealed that approximately 85% of studies examining AAFD 

pathophysiology employed cross-sectional designs, typically assessing patients presenting with 

established, symptomatic deformity.[13-16] This methodological approach introduces 

fundamental temporal bias: by examining disease only at advanced stages, researchers observe 

ligamentous pathology occurring concurrently with or after severe tendon degeneration, leading 

to the inference that ligaments fail secondarily. 

Cadaveric biomechanical studies demonstrated that sequential sectioning of the posterior tibial 

tendon followed by spring ligament produced progressive deformity, supporting the sequential 

failure model. [17,18] However, these studies imposed an artificial temporal sequence that may 

not reflect in vivo disease progression. Conversely, computational models examining 

physiological loading patterns revealed that medial ankle ligaments experience peak stresses 2-

3 times greater than the posterior tibial tendon during normal gait, [19,20] suggesting ligaments 

may be at higher risk for early pathology a finding obscured by cross-sectional clinical studies. 

Fewer than 5% of identified studies employed prospective longitudinal designs with serial 

assessment from disease onset. [21,22] This paucity of temporal data prevented accurate 

determination of whether ligamentous changes preceded, accompany, or follow tendon 

pathology. The few existing longitudinal studies suggested that ligament signal abnormalities on 

MRI may appear earlier than previously appreciated, but insufficient sample sizes and follow-up 

duration limited definitive conclusions.[23] The dominance of cross-sectional methodology 

created a self-fulfilling prophecy: by studying only advanced disease, researchers consistently 

observed ligament pathology in late stages, reinforcing the belief that ligaments fail secondarily. 

Assessment Bias: Static Imaging in a Dynamic Disease 

Traditional assessments of AAFD relied heavily on weight-bearing radiographs and non-weight-

bearing MRI. [24,25] While weight-bearing radiographs captured osseous alignment under load, 

they provided no direct visualization of soft tissue pathology. Conversely, conventional MRI 

offered excellent soft tissue contrast but was performed with patient’s supine, non-weight-bearing, 
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fundamentally misrepresenting the functional loading environment in which ligamentous 

pathology develops.[26] 

Biomechanical analyses demonstrated that medial ankle ligaments experience peak tensile 

stresses during mid-stance phase of gait when the foot bears 1.2-1.5 times body weight while 

simultaneously pronating. [27,28] non-weight-bearing MRI assessment fundamentally could not 

capture this functional pathology. Studies comparing supine and weight-bearing MRI protocols 

revealed that ligament strain patterns, talar displacement, and medial column instability were 

significantly underestimated in non-loaded conditions.[29,30]. 

Weight-bearing computed tomography (WBCT) emerged as a transformative technology enabling 

three-dimensional assessment under physiological loading.[31-33] WBCT studies revealed that 

ligamentous insufficiency produced measurable changes in talar translation, talonavicular 

coverage, and medial column alignment that were invisible on conventional imaging.[34,35] 

However, WBCT remained underutilized in research protocols, and most existing literature 

predated its widespread availability, meaning conclusions about ligament importance were based 

on assessment modalities systematically biased toward underestimation. By assessing ligaments 

under conditions that minimized their functional loading, current imaging paradigms 

systematically underestimated pathology severity, obscured early changes, and reinforced the 

perception that ligaments played minor roles in disease pathophysiology. 

Measurement Bias: What Don't Measure, Don't Manage 

Systematic review of outcome measurement in AAFD research revealed a striking absence of 

validated, ligament-specific assessment tools.[39,40] The American Orthopaedic Foot & Ankle 

Society (AOFAS) Ankle-Hindfoot Score, despite known psychometric limitations, remained the 

most commonly employed outcome measure.[41,42] Critically, the AOFAS score contained no 

items specifically assessing ligamentous function, instead emphasizing pain, alignment, and 

functional activities that may be influenced by multiple anatomical structures. 

MRI-based grading systems for spring ligament pathology existed but lacked standardization and 

validation.[43,44] Different classification schemes employed inconsistent criteria for defining 

ligament injury severity, and inter-rater reliability data were limited.[45] More problematically, 

these grading systems focused on morphological changes (tears, attenuation) rather than 

functional capacity, which may be more clinically relevant.[46] Generic patient-reported outcome 

measures (PROMs) such as the Short Form-36 (SF-36) or Foot and Ankle Outcome Score 

(FAOS) assessed broad functional domains but lacked sensitivity to specific ligamentous 

pathology.[47,48] No ligament-specific PROM existed to capture patient-perceived symptoms 

directly attributable to medial ankle ligament insufficiency. 

While gait analysis could quantify kinematic and kinetic abnormalities associated with AAFD, 

[49,50] no validated biomechanical markers specifically attributable to ligamentous versus 

tendinous pathology had been established. Hindfoot eversion, midfoot abduction, and reduced 

ankle power generation represented composite outcomes influenced by multiple structures.[51] 

The absence of validated ligament-specific outcome measures created fundamental 

measurement bias: if ligamentous function was not explicitly measured, its contribution to 

symptoms, functional limitation, and treatment response could not be accurately characterized. 

Publication Bias: Hidden Literature 

Systematic analysis of surgical outcomes literature revealed disproportionate representation of 
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tendon-focused procedures.[52,53] Flexor digitorum longus (FDL) tendon transfer, first described 

in the 1990s, had been extensively studied with numerous case series, comparative studies, and 

systematic reviews.[54-56] In contrast, spring ligament reconstruction procedures, despite 

biomechanical rationale and favorable clinical outcomes in published series, represented a small 

fraction of the surgical literature.[57,58] 

A bibliometric analysis of AAFD surgical literature from 2000-2023 revealed that papers focusing 

on tendon procedures outnumbered those emphasizing ligament reconstruction by approximately 

4:1.[59] This publication imbalance did not necessarily reflect clinical practice patterns or relative 

efficacy but may instead reflect historical precedent, surgical training traditions, and self-

reinforcing citation patterns. Publication bias typically manifested as underreporting of negative 

or null findings.[60] In AAFD research, this bias may particularly affect ligament-focused studies: 

if early investigations of ligament reconstruction yielded equivocal results due to methodological 

limitations (e.g., inadequate assessment tools, suboptimal surgical techniques), these negative 

findings may remain unpublished. 

Analysis of citation patterns revealed that seminal papers establishing the tendon-centric 

paradigm were highly cited and continued to frame contemporary research questions.[62,63] 

Papers presenting evidence challenging this paradigm, particularly those suggesting early or 

primary ligamentous involvement, received fewer citations and less visibility, potentially due to 

cognitive biases favoring paradigm-confirming evidence.[64] Publication bias created a distorted 

literature landscape where tendon-focused research dominated visibility, ligament-focused 

studies remained underrepresented, and negative findings disappeared. 

Conceptual Bias: Paradigms Shape Research Questions 

Perhaps the most insidious methodological bias was conceptual: the tendon-centric paradigm 

shaped the questions researchers asked, the hypotheses they tested, and the variables they 

measured.[65,66] If ligaments were conceptualized a priori as secondary stabilizers, research 

designs naturally focused on tendon pathology as the primary variable of interest, with ligaments 

examined only as secondary outcomes or confounding variables. 

Analysis of research hypotheses in AAFD studies revealed this conceptual bias explicitly. Typical 

hypotheses tested whether 'posterior tibial tendon dysfunction leads to progressive deformity' or 

whether 'tendon transfer procedures improve outcomes'.[67,68] Rarely did studies hypothesize 

that 'ligamentous insufficiency drives early deformity' or that 'ligament integrity predicts disease 

progression independent of tendon status'.[69] By not asking ligament-focused questions, 

researchers ensured they would not find ligament-focused answers. 

Conceptual bias manifested in variable selection for multivariable analyses. Studies examining 

predictors of AAFD progression typically included tendon grade, patient demographics, and 

deformity severity as independent variables but often omitted ligament status entirely.[70,71] 

When ligament variables were included, they were frequently treated as secondary or exploratory 

rather than primary predictors.[72] This analytical approach predetermined that ligaments would 

appear less important than tendons regardless of their true biological significance. Even when 

studies observed significant ligamentous pathology, interpretation frameworks colored by 

paradigmatic assumptions may minimize these findings.[73] Conceptual bias created a closed 

loop: paradigms shaped research questions, which generated paradigm-confirming findings, 

which reinforced paradigms.  
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Discussion 
This systematic analysis reveals that five interconnected methodological biases temporal, 
assessment, measurement, publication, and conceptual have systematically obscured 
ligamentous contributions to AAFD progression. These biases do not operate independently but 
rather interact synergistically to create a self-reinforcing cycle that perpetuates tendon-centric 
paradigms regardless of accumulating contradictory evidence. 
Cross-sectional designs combined with static imaging ensure that ligament pathology is observed 
only in advanced disease under non-physiological conditions. The absence of validated ligament-
specific outcomes prevents accurate characterization of functional impact, while publication bias 
ensures that tendon-focused research dominates the literature. Overarching conceptual bias 
shapes which questions are asked, how variables are selected, and how findings are interpreted, 
creating a self-reinforcing cycle. 
These methodological biases have tangible clinical consequences. Current staging systems, 
developed based on biased evidence, inadequately capture ligament integrity as an independent 
prognostic factor.[78,79] Treatment algorithms emphasize tendon-focused interventions with 
ligament reconstruction reserved for late-stage disease, potentially missing opportunities for 
earlier, ligament-targeted interventions that might prevent progression.[80,81] Patient counseling 
regarding prognosis relies on risk stratification models that may systematically underestimate the 
importance of ligament status.[82] 
The methodological issues identified in AAFD research parallel those observed in other 
musculoskeletal conditions where paradigm shifts have occurred. Anterior cruciate ligament 
(ACL) injury research initially focused on isolated ligament reconstruction but evolved to recognize 
the importance of concomitant meniscal and cartilage pathology only after longitudinal studies 
revealed poor long-term outcomes.[83,84] Similarly, rotator cuff research has shifted from tendon-
centric models to recognize the critical role of periscapular muscle dysfunction.[85,86] In each 
case, methodological evolution particularly adoption of longitudinal designs, advanced imaging, 
and validated outcome measures enabled paradigm refinement. 
Future research should prioritize prospective longitudinal cohort designs with minimum 24-month 

follow-up, baseline enrollment of patients with early-stage disease, serial imaging with 

standardized MRI and WBCT protocols, and validated ligament-specific outcome measures. 

Assessment protocols should incorporate weight-bearing MRI, dynamic assessment, and 

multimodal integration. Development and validation of ligament-specific tools including imaging 

biomarkers, patient-reported outcomes, and biomechanical markers are essential. Study designs 

should include hypothesis-driven ligament research, paradigm-neutral designs, and explicit 

testing of competing hypotheses. 

Limitations 

This methodological critique has inherent limitations that warrant acknowledgment. First, the 
analysis relies on published literature and cannot assess unpublished studies, potentially 
introducing publication bias into the critique itself. Second, categorization of studies by bias type 
involved subjective judgment; other researchers might classify studies differently. Third, proposed 
methodological standards represent ideals that may not be feasible in all research settings due 
to resource constraints, technological limitations, or patient recruitment challenges. 

Additionally, this critique focuses specifically on medial ankle ligaments in AAFD and may not 
generalize to other foot and ankle pathologies or musculoskeletal conditions. The emphasis on 
methodological issues should not be misinterpreted by dismissing the importance of posterior 
tibial tendon pathology, which undoubtedly plays a significant role in disease progression. Rather, 
the goal is to ensure that research methods enable accurate characterization of all relevant 
anatomical structures. 
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Finally, while proposing that methodological biases have obscured ligamentous contributions, 

definitive proof of this assertion requires conducting the very studies advocate for longitudinal, 

dynamically assessed, ligament-focused investigations with validated outcome measures. Until 

such studies are completed, the true mechanistic importance of medial ankle ligaments in AAFD 

progression remains incompletely characterized. 

Conclusion 
This systematic analysis reveals that methodological biases in study design, assessment 

techniques, outcome measurement, publication practices, and conceptual frameworks have 

consistently underestimated the role of medial ankle ligaments in adult-acquired flatfoot deformity 

progression. Five interconnected biases create a self-reinforcing cycle that perpetuates tendon-

centric paradigms regardless of accumulating contradictory evidence. 

These methodological limitations have tangible clinical consequences, potentially leading to 

suboptimal staging systems, delayed ligament-targeted interventions, and inadequate patient risk 

stratification. The path forward requires conscious methodological evolution: adoption of 

longitudinal study designs, incorporation of dynamic weight-bearing assessment protocols, 

development and validation of ligament-specific outcome measures, commitment to publishing 

negative findings, and deliberate efforts to design paradigm-neutral research. 

By recognizing how methodological choices shape scientific conclusions, the foot and ankle 

research community can design studies that accurately capture the complex, multifactorial 

pathophysiology of progressive flatfoot deformity. Only through such methodological rigor can 

ensure that clinical practice is guided by unbiased evidence, improving outcomes for patients with 

this debilitating condition. 
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