J. Adv. Med. Pharm. Biomed. Res.; (2026), Volume 2, Issue 2, 150-156

Lt

‘M

Journal of Advanced in Medicinal, Pharmaceutical and Biomedical Research

Journal homepage: https://www.jampbr.com

DOI: 10.22034/jampbr.2026.575654.1080

The Value of Serial Radiography in the Long-Term Follow-Up of Patients after Total
Knee Arthroplasty: A Systematic Perspective

Parham Maroufi!, Mahnaz Ranjkesh?*
IAssociate Professor of Orthopaedics, Department of Orthopedics, School of Medicine, Tabriz University of Medical

Sciences, Tabriz, Iran

2Associate Professor of Radiology, Department of Radiology, School of Medicine, Tabriz University of Medical Sciences,

Tabriz, Iran

Article info

Received: 06.01.2026
Accepted: 20.02.2026
Available Online: 20.02.2026
Checked for Plagiarism: Yes

Keywords:
Serial Radiography, Total knee
arthroplasty, follow-Up

ABSTRACT

Introduction: Serial radiography remains a widely used tool in the long-term
follow-up of patients after total knee arthroplasty, aiming to detect
implant-related complications, alignment changes, and periprosthetic bone
alterations over time. However, the clinical value and cost-effectiveness of
routine radiographic surveillance, particularly in asymptomatic patients,
remain controversial and warrant careful evidence-based evaluation.
Material and methods: A systematic review was conducted through
comprehensive searches of major electronic databases using predefined
keywords and Boolean operators, without temporal restrictions, to identify
relevant studies on serial radiography after total knee arthroplasty.

Results: Serial radiographic follow-up after total knee arthroplasty frequently
identifies structural abnormalities; however, most findings occur in
asymptomatic patients and show limited correlation with clinical deterioration
or revision. A clear radiographic-clinical discordance was observed, indicating
that routine long-term imaging provides minimal incremental value in stable
patients and should be guided primarily by symptoms and functional status
rather than radiographic changes alone.

Conclusion: This study demonstrates that radiographic abnormalities after
total knee arthroplasty are common but often clinically inconsequential, with a
substantial disconnect between imaging findings and patient experience.

Introduction

Total knee arthroplasty (TKA) is widely recognized
as one of the most successful orthopedic procedures
for alleviating pain, restoring function, and
improving quality of life in patients with end-stage
knee arthritis. With an increasing aging population
and expanding indications, the global volume of
primary and revision TKA continues to rise steadily.
As implant longevity becomes a central concern,
long-term surveillance strategies play a critical role
in ensuring optimal outcomes and early detection of
complications that may compromise prosthesis
survival or patient function. Among these strategies,
imaging has remained a cornerstone of postoperative
assessment, with serial radiography being the most
commonly employed modality worldwide (1).

Radiographic evaluation after TKA provides
essential information regarding implant positioning,
alignment, fixation, and the integrity of the bone—
implant interface. Standard anteroposterior, lateral,
and skyline views allow clinicians to assess
component orientation, joint line restoration, and
patellofemoral  tracking. Over time, serial
radiographs can reveal progressive changes such as
radiolucent lines, osteolysis, subsidence, or
polyethylene wear, which may precede clinical
symptoms. The simplicity, accessibility, and
relatively low cost of radiography have contributed
to its routine use in both early postoperative
follow-up and long-term surveillance protocols (2).
Despite its widespread use, the true value of serial
radiography in asymptomatic patients following
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TKA remains a subject of debate. Some clinicians
advocate for routine long-term radiographic
follow-up to detect silent mechanical failures or
progressive osteolysis before catastrophic implant
failure occurs. Others argue that routine imaging in
the absence of clinical symptoms may have limited
diagnostic yield and could contribute to unnecessary
healthcare costs and radiation exposure. This
ongoing controversy highlights the need for a clearer
understanding of when and how serial radiographs
meaningfully influence clinical decision-making
and patient outcomes after TKA (3).

Long-term complications after TKA, such as aseptic
loosening, polyethylene wear, per prosthetic
osteolysis, and component migration, often develop
insidiously. Radiographic changes may precede
clinical manifestations by months or even years,
creating a potential window for early intervention.
Serial radiographs offer a noninvasive means to
monitor these gradual changes over time,
particularly in high-risk patients or those with
specific implant designs. Understanding the
temporal relationship between radiographic findings
and clinical failure is essential for defining
evidence-based follow-up strategies (4).

Another important aspect of postoperative imaging
is the assessment of alignment and component
positioning, which are known predictors of implant
longevity. Malalignment in the coronal, sagittal, or
axial planes has been associated with increased
wear, instability, and early failure. Serial
radiographic evaluation allows clinicians to monitor
the stability of alignment over time and identify
progressive deviations that may signal impending
mechanical problems. However, the reproducibility
and clinical significance of subtle alignment changes
on plain radiographs remain controversial (5).
Radiographic interpretation after TKA is further
complicated by variability in imaging techniques,
patient positioning, and measurement methods.
Differences in radiographic protocols across
institutions can lead to inconsistent assessments and
limit the comparability of findings. Several authors
have emphasized the need for standardized
radiographic  evaluation criteria to improve
reliability and clinical utility. Without uniform
assessment methods, the interpretation of serial
radiographs may be subject to observer bias and
limited reproducibility (6).

In addition to mechanical complications, serial
radiography has been used to monitor per prosthetic
bone remodeling. Changes in bone density around
the implant may reflect stress shielding or altered
load distribution, which can influence long-term
fixation. While advanced imaging modalities such
as dual-energy X-ray absorptiometry provide more
precise measurements, conventional radiographs
remain the most commonly used tool for
longitudinal assessment in routine clinical practice
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The role of radiography in detecting per prosthetic
jointinfection (PJI) is limited, particularly in chronic
low-grade infections. Radiographic findings such as
progressive radiolucent lines or bone destruction are
often late manifestations and lack specificity.
Nevertheless, serial imaging may raise suspicion for
underlying pathology when correlated with clinical
and laboratory findings. Understanding the
limitations of radiography in this context is essential
to avoid false reassurance or delayed diagnosis (8).
Technological advances and the increasing
availability of cross-sectional imaging modalities,
including computed tomography and magnetic
resonance imaging with metal artifact reduction
techniques, have expanded diagnostic capabilities
after TKA. These modalities offer superior
visualization of component rotation, osteolysis, and
soft-tissue pathology. However, their higher cost,
limited availability, and increased complexity
restrict their routine use for long-term surveillance,
reinforcing the continued reliance on serial
radiography in many clinical settings (9).

From a health economics perspective, the routine
use of serial radiographs in long-term follow-up
raises important questions regarding
cost-effectiveness. While early detection of implant
failure may reduce the complexity of revision
surgery, indiscriminate imaging of asymptomatic
patients may not provide proportional clinical
benefit. Balancing resource utilization with patient
safety and outcome optimization remains a critical
challenge in modern arthroplasty practice (10).
Patient-reported outcomes have become
increasingly important in evaluating the success of
TKA. However, the relationship between
radiographic findings and patient satisfaction or
functional scores is not always straightforward.
Many patients with radiographic abnormalities
remain asymptomatic, while others experience pain
or dysfunction in the absence of clear imaging
changes. This discordance complicates clinical
decision-making and underscores the need to
contextualize radiographic findings within a broader
clinical framework (11).

Follow-up protocols after TKA vary widely across
institutions and countries, reflecting a lack of
consensus regarding optimal surveillance strategies.
Some guidelines recommend routine radiographic
evaluation at predefined intervals, while others
suggest symptom-driven imaging. The
heterogeneity of these recommendations highlights
uncertainty regarding the evidence base supporting
serial radiography and emphasizes the importance of
synthesizing available data to inform standardized
follow-up practices (12).

Revision total knee arthroplasty represents a
significant clinical and economic burden, often
associated with inferior outcomes compared to
primary procedures. Identifying radiographic
predictors of failure could facilitate -earlier



intervention and potentially improve revision
outcomes. Serial radiography may play a role in risk
stratification by identifying patients  with
progressive changes that warrant closer monitoring
or further diagnostic evaluation (13).

The interpretation of long-term radiographic
changes must also consider implant design, fixation
method, and bearing materials. Advances in
polyethylene technology and implant engineering
have altered wear patterns and failure mechanisms
over time. Consequently, historical radiographic
criteria. may not fully apply to contemporary
prostheses, necessitating an updated evaluation of
the relevance and predictive value of serial
radiographic findings (14).

Given the expanding body of literature on
postoperative imaging after TKA, there is a need to
critically appraise existing evidence regarding the
benefits and limitations of serial radiography.
Individual studies vary in methodology, follow-up
duration, and outcome measures, making it difficult
to draw definitive conclusions. A structured
synthesis of available data can help clarify areas of
consensus and identify gaps requiring further
investigation (15).

Therefore, the purpose of the present study is to
systematically review the existing literature on the
value of serial radiography in the long-term
follow-up of patients after total knee arthroplasty,
with particular emphasis on its role in detecting
complications, influencing clinical
decision-making, and improving patient outcomes.
By synthesizing current evidence, this systematic
review aims to inform clinicians and policymakers
regarding the appropriate use of serial radiographic
surveillance in contemporary TKA practice.

Material and methods
This study was designed as a systematic review
conducted in accordance with established
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methodological principles. A  comprehensive
literature search was performed across multiple
electronic databases, including PubMed/MEDLINE,
Scopus, Web of Science, Embase, the Cochrane
Library, and Google Scholar, without any
restrictions on publication date. The search strategy
combined Medical Subject Headings (MeSH) terms
and free-text keywords related to total knee
arthroplasty and postoperative imaging, such as
“total knee arthroplasty,” “knee replacement,”
“serial  radiography,”  “follow-up  imaging,”
“radiographic  surveillance,” and “long-term
outcomes,” using Boolean operators (AND/OR).
Reference lists of relevant articles were also
manually screened to identify additional eligible
studies.

Results

The serial radiographic assessment after total knee
arthroplasty  demonstrated a  heterogeneous
distribution of postoperative findings, with
radiolucent lines and mild component malalignment
being the most frequently detected abnormalities,
followed by osteolysis and signs suggestive of early
loosening. Importantly, the majority of these
radiographic  changes  were identified in
asymptomatic patients and did not correlate with
clinically meaningful deterioration or the need for
revision during follow-up. These findings suggest
that while serial radiographs are sensitive for
detecting structural alterations over time, many
abnormalities represent incidental or
non-progressive changes rather than true mechanical
failure. Consequently, routine long-term

radiographic surveillance in clinically stable patients
may have limited incremental value, and imaging
strategies should be more selectively guided by
symptoms, functional decline, or specific clinical
concerns rather than performed indiscriminately
(figure 1).

The findings illustrated in Figure 3 highlight the
limited clinical relevance of most radiographic
abnormalities detected during long-term follow-up
after total knee arthroplasty. Although serial
imaging frequently identified changes such as
radiolucent lines, minor malalignment, or early
osteolytic features, these findings rarely translated
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into clinically significant consequences. The
majority of patients remained asymptomatic,
required no additional diagnostic interventions, and
did not experience deterioration in function or need
for treatment escalation. Only a small proportion of
radiographic  abnormalities  prompted closer
surveillance, therapeutic modification, or revision



surgery. Collectively, these results underscore a
clear discordance between radiographic findings and
patient-centered clinical outcomes, suggesting that
routine serial radiography in otherwise stable,
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asymptomatic patients may offer limited practical
benefit and should be selectively employed based on
clinical presentation rather than imaging findings
alone (figure 2).

NoClinical Impact ~ Change in Fallow-up ~ Medical Treatment

Revisian Surgery

Figure 2. Clinical impact of radiographic findings after total knee arthroplasty

The results depicted in Figure 3 demonstrate a
pronounced discordance between radiographic
findings and clinical status during long-term
follow-up after total knee arthroplasty. A substantial
proportion of patients exhibited radiographic
abnormalities in the absence of pain, functional
limitation, or clinical deterioration, indicating that
many imaging changes reflect adaptive or
non-progressive postoperative alterations rather
than true prosthetic failure. Conversely, a smaller
yet clinically relevant subgroup reported persistent

suggesting that pain and functional impairment may
arise from factors not readily captured by standard
imaging, such as  soft-tissue  pathology,
neuromuscular dysfunction, or patient-specific
biomechanical and psychosocial determinants.
Collectively, these findings underscore the limited
concordance between imaging and patient-reported
outcomes and reinforce the need for a clinically
driven, symptom-oriented approach to postoperative
surveillance, in which radiographic evaluation is
selectively applied to complement, rather than
replace, comprehensive clinical assessment.
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Figure 3. Radiographic clinical discordance after total knee arthroplasty
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Discussion

The present study demonstrates that postoperative
radiographic  abnormalities after total knee
arthroplasty are frequently detected during
long-term follow-up but rarely translate into
clinically meaningful consequences. Most imaging
findings occurred in patients who remained
asymptomatic, functionally stable, and free from the
need for treatment escalation or revision surgery. A
clear discrepancy was observed between structural
changes identified on  radiographs and
patient-reported outcomes, emphasizing that routine
serial imaging provides limited additional clinical
value in stable individuals and should be guided
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primarily by symptoms and functional assessment
rather than radiographic appearance alone.

The frequent detection of radiolucent lines and
minor component malalignment observed in this
study is consistent with the known biological and
mechanical adaptation processes that occur
following prosthetic implantation. These findings
often represent benign remodeling at the bone—
implant interface, stress redistribution, or subtle
changes in cement-bone integration rather than true
implant failure. Advances in implant design, fixation
techniques, and polyethylene quality have further
reduced the clinical significance of such findings,
allowing many radiographic abnormalities to remain



stable over time without progression. Consequently,
the presence of these changes on imaging should be
interpreted cautiously, particularly in the absence of
corresponding clinical symptoms or functional
decline (16).

Osteolysis and early radiographic signs suggestive
of loosening were less commonly identified and
similarly showed limited correlation with adverse
clinical outcomes. This may reflect earlier detection
through sensitive imaging modalities before such
changes reach a threshold of mechanical relevance.
Additionally, the inflammatory response to wear
debris has become less aggressive with modern
bearing surfaces, potentially slowing the progression
from radiographic abnormality to symptomatic
failure. These observations support the concept that
not all radiographic indicators traditionally
associated with prosthetic failure necessarily
warrant intervention when identified in isolation
(17).

The limited clinical impact of most radiographic
abnormalities, as demonstrated in the assessment of
postoperative outcomes, highlights the
predominance of  patient-centered  recovery
trajectories over imaging-based findings. Functional
stability, absence of pain, and preserved mobility
remained the defining determinants of postoperative
success, regardless of radiographic appearance. This
finding reinforces the growing emphasis on
patient-reported outcome measures as more
meaningful indicators of arthroplasty success
compared with imaging alone. Radiographs, while
valuable for detecting gross mechanical failure,
appear insufficient for capturing the multifactorial
nature of postoperative knee function (18).

The low rate of intervention, surveillance
intensification, or revision surgery associated with
radiographic abnormalities further underscores their
limited prognostic value in asymptomatic patients.
Modern follow-up strategies increasingly recognize
that unnecessary imaging may contribute to patient
anxiety, increased healthcare costs, and over
interpretation of clinically irrelevant findings. The
results of this study align with a more conservative
imaging philosophy, in which radiographs serve as
adjunctive tools rather than primary drivers of
clinical decision-making in the absence of
symptoms (19).

A particularly important observation in this study is
the pronounced discordance between radiographic
findings and clinical status. Many patients
demonstrated clear imaging abnormalities while
remaining entirely asymptomatic, whereas a smaller
subset reported persistent pain or functional
limitation despite unremarkable radiographs. This
mismatch reflects the complex and multifactorial
nature of postoperative symptoms, which may arise
from  soft-tissue  imbalance, neuromuscular
dysfunction, patellofemoral mechanics, or central
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pain sensitization factors that are poorly captured by
conventional radiography (20).

The presence of symptoms without corresponding
radiographic abnormalities highlights the limitations
of imaging-based explanations for postoperative
pain. Pain perception after total knee arthroplasty is
influenced by psychological factors, preoperative
expectations, comorbid musculoskeletal conditions,
and central nervous system processing. As a result,
reliance on radiographs alone may lead to under
recognition of clinically significant patient distress
and delayed implementation of appropriate
non-surgical interventions such as physiotherapy,
pain modulation strategies, or psychosocial support
(21).

Conversely, the identification of radiographic
abnormalities in asymptomatic patients raises
concerns  regarding potential  overtreatment.
Historically, certain imaging findings were viewed
as early harbingers of prosthetic failure, prompting
close surveillance or preemptive intervention.
However, the current findings suggest that many of
these changes remain clinically silent and
non-progressive. This supports a paradigm shift
toward observation rather than intervention when
radiographic findings are not accompanied by
symptoms or functional impairment (22).

The findings of this study also have implications for
long-term surveillance protocols after total knee
arthroplasty. Routine serial radiography has
traditionally been incorporated into follow-up
schedules with the intention of early failure
detection. However, the limited incremental value
demonstrated here suggests that such protocols may
be unnecessarily intensive for clinically stable
patients. A symptom-driven approach to imaging
may allow for more efficient resource utilization
while maintaining patient safety and quality of care
(23).

From a clinical perspective, these results reinforce
the primacy of comprehensive clinical evaluation in
postoperative follow-up. Physical examination,
functional assessment, and patient-reported outcome
measures should remain central to postoperative
monitoring, with imaging reserved for cases in
which clinical findings raise concern for mechanical
complications.  This approach aligns  with
value-based healthcare principles and prioritizes
interventions that meaningfully impact patient
well-being (24).

The present findings should be interpreted within the
broader context of evolving arthroplasty care, in
which success is increasingly defined by patient
satisfaction, function, and quality of life rather than
radiographic perfection. As implant longevity
improves and revision thresholds rise, the tolerance
for stable, asymptomatic radiographic abnormalities
is likely to increase. Future guidelines may benefit
from incorporating stratified imaging strategies that
account for symptom burden, risk factors, and time



since surgery rather than adopting uniform
surveillance schedules (25).

Conclusion

This study demonstrates that radiographic
abnormalities after total knee arthroplasty are
common but often clinically inconsequential, with a
substantial disconnect between imaging findings
and patient experience. These results support a
clinically driven, symptom-oriented follow-up
strategy in which radiographs complement—but do
not dictate—postoperative management decisions.
Emphasizing patient-centered outcomes over
routine imaging may optimize care, reduce
unnecessary interventions, and better reflect the true
determinants of long-term arthroplasty success.
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