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Background: Total hip arthroplasty (THA) is the optimal surgical procedure for treating end-stage hip diseases. However, ipsilateral
knee pain after THA, as a relatively insidious and not yet fully recognized complication, affects patient satisfaction and functional
recovery. Its etiology is complex, involving the interaction of mechanisms such as biomechanics, neurobiology, surgical technique, and
patient population and individual factors, which requires systematic review to guide clinical intervention.

Objective: This review aims to systematically elaborate on the pathogenesis of ipsilateral knee pain after THA and, based on this,
propose corresponding intervention strategies.

Methods: A narrative literature review was conducted using the PubMed and Scopus databases, an in-depth analysis was conducted
from the following aspects: (1) Based on the pathological basis of developmental dysplasia of the hip (DDH), explore the impact of
lower limb biomechanical changes after THA on the ipsilateral knee; (2) Analyze the role of neurobiological mechanisms such as
referred pain and central sensitization in this complication; (3) Evaluate the influence of surgery-related factors and patient individual
and population factors on this complication; (4) Diagnose this complication based on relevant pain score questionnaires, EOS system,
predictive simulation, and other imaging and assessment tools; (5) Integrate management approaches from preoperative intervention to
postoperative multimodal analgesia.

Results: Available evidence suggests that ipsilateral knee pain after THA is a multifactorial condition. A key modifiable surgical risk
factor identified is excessive limb lengthening (>17mm), which disrupts native knee biomechanics. The pathogenesis further involves
neurobiological mechanisms such as referred pain and central sensitization, surgical technical factors, and patient-related factors.
Conclusion: Ipsilateral knee pain after THA arises from a complex interplay of biomechanical, neurobiological, and patient-specific
mechanisms. To mitigate this complication, a comprehensive management strategy is recommended, encompassing precise preopera-
tive planning, targeted prehabilitation for high-risk patients, and postoperative multimodal analgesia. Future research should focus on
validating specific preventive protocols and management algorithms.
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Introduction

Total hip arthroplasty (THA) is a highly prevalent procedure for end-stage hip diseases. A key surgical decision involves
the choice of implant fixation—cemented, cementless, or hybrid—with registry data indicating a predominant trend
towards cementless fixation in contemporary practice (eg., accounting for over 56% of cases with an increasing annual
share)." THA is used to treat end-stage hip diseases, including primary osteoarthritis, osteonecrosis of the femoral head,
and secondary causes such as developmental dysplasia of the hip (DDH), and can significantly relieve pain and restore
joint function.” With the popularization and refinement of surgical techniques, patient satisfaction following THA has
been widely recognized. However, the management of postoperative complications remains key to affecting surgical
outcomes and patient satisfaction. Among the many complications after THA, ipsilateral knee pain, as a relatively
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insidious yet non-negligible issue, is gradually attracting clinicians’ attention.* Reported incidence rates vary, but
studies suggest it affects a subset of patients, with one series reporting an incidence of approximately 7.3%.% Although
THA aims to address the hip lesion and reduce hip pain and functional impairment, the postoperative changes in lower
limb biomechanics may lead to symptoms in the ipsilateral knee. Consequently, despite improved hip function, some
patients experience knee pain, affecting the surgical outcome and satisfaction.>® Importantly, postoperative knee pain
may be transient in many patients and often resolves within several months, whereas persistent pain may indicate more
complex biomechanical or neurobiological mechanisms.

The pathological mechanism of ipsilateral knee pain after THA is not caused by a single factor but is the result of
multiple factors, constituting a typical biopsychosocial medical problem. Firstly, biomechanical changes are the funda-
mental cause of this complication. For patients with high-dislocation DDH (Crowe III/IV type), to achieve anatomical
reduction of the hip joint, intraoperative lengthening of the affected limb is often required.” THA performed for other
reasons, such as femoral head osteonecrosis or femoral neck fracture, may also result in postoperative limb lengthening.
Studies have shown that when the limb lengthening amount is >17mm, there is a risk of significantly increasing the
possibility of anterior knee pain by altering the tibiofemoral rotation angle and patellar tilt angle.>® The mechanism may
be that the iliotibial band cannot adapt to excessive limb lengthening, leading to increased knee valgus stress and
patellofemoral joint subluxation, thereby triggering anterior knee pain.® Secondly, neuropathic pain mechanisms also play
an important role in ipsilateral knee pain after THA. The sensory innervation of the hip and knee joints partially overlaps
(eg., the femoral nerve and obturator nerve), which allows for hip-originated pain to be referred to the knee.’
Furthermore, the surgical trauma from THA can induce peripheral and central sensitization, particularly in patients
with pre-existing chronic pain or a tendency towards central sensitization (such as fibromyalgia features), who have
a higher risk of developing chronic pain and multi-site pain postoperatively.'®'! Details of the surgical technique and
prosthesis selection and positioning are also very important. The choice of surgical approach (eg., anterior versus
posterolateral approach) and the placement of the prosthesis directly affect the postoperative lower limb alignment and
soft tissue tension, subsequently acting on the knee joint and potentially causing pain.'* '* Finally, patient-related factors,
divided into individual and population factors, such as age, obesity, diabetes, psychological and emotional state (anxiety,
depression, catastrophizing), and socioeconomic factors, can modulate an individual’s susceptibility to pain and post-
operative satisfaction.'>”

Currently, significant gaps remain in the research on ipsilateral knee pain after THA. Many studies focus on
independent mechanisms, and many mechanisms have not been clearly elucidated; furthermore, there is a lack of
discussion on the interactions between the various mechanisms. In terms of clinical intervention, although multimodal
analgesic strategies have been increasingly adopted in clinical practice, pain potentially caused by different mechanisms
has not been adequately addressed. Future prospective cohort studies and mechanistic investigations are needed to clarify
the interactions among biomechanical, neurobiological, and patient-related factors contributing to ipsilateral knee pain
after THA.'®

Therefore, this review aims to systematically synthesize and integrate the current understanding of the pathogenesis
of ipsilateral knee pain after THA. Recognizing the multifactorial nature of this condition, we will provide an integrative
(rather than exhaustive) analysis of key contributing perspectives, including post-THA biomechanical changes, neuro-
biological mechanisms, surgical technical factors, and patient-related factors. To better understand the interplay of these
diverse mechanisms, a conceptual model integrating the key factors is presented in Figure 1.Based on this, we will
further explore feasible intervention strategies for this complication, including perioperative prehabilitation, optimization
of surgical techniques, and postoperative pain management, with the goal of providing guidance for clinical practice,
pointing out future research directions, and ultimately improving patients’ overall prognosis and enhancing their surgical
satisfaction.

Methods

This narrative review aimed to provide an overview of the current evidence regarding the mechanisms and management
strategies of ipsilateral knee pain following total hip arthroplasty (THA).
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Figure | Multifactorial pathogenesis and interactions of ipsilateral knee pain following total Hip arthroplasty.

Literature Search

A literature search was performed using two major electronic databases, PubMed and Scopus, covering publications from
database inception to December 2025. The search strategy combined keywords and controlled vocabulary terms
(including Medical Subject Headings in PubMed) related to three core concepts: (1) total hip arthroplasty, (2) knee
pain, and (3) the postoperative period. Additional relevant articles were identified through manual screening of reference
lists from selected publications.

Study Selection
The initial search identified approximately 800 records. After removing duplicate entries, titles and abstracts were
screened to identify studies discussing knee pain in the context of THA. Articles considered potentially relevant were
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retrieved for full-text evaluation. During this process, particular attention was given to studies investigating biomecha-
nical changes, neurobiological mechanisms, surgical technical factors, and patient-related determinants associated with
ipsilateral knee pain after THA.

Eligibility Criteria

Clinical studies (including randomized controlled trials, cohort studies, case—control studies, and case series), as well as
systematic reviews and narrative reviews, were considered eligible if they addressed the etiology, diagnosis, or manage-
ment of knee pain on the side ipsilateral to THA. Articles focusing primarily on intrinsic knee pathology unrelated to
THA (eg., primary knee osteoarthritis or traumatic ligament injuries) or pain following unrelated surgical procedures
were excluded. Only articles published in English were included.

Given the narrative nature of this review, studies were selected primarily based on their relevance to the topic and
their contribution to understanding the mechanisms and clinical management of ipsilateral knee pain following THA.
When multiple studies addressed similar topics, preference was given to more recent publications or those with stronger
methodological design.

Data Synthesis

The included studies were analyzed using a narrative synthesis approach. Because of heterogeneity in study design,
patient populations, outcome measures, and research objectives, a quantitative meta-analysis was not considered
appropriate. Instead, findings were summarized and integrated into a thematic framework focusing on four main
domains: biomechanical factors, neurobiological mechanisms, surgical technical factors, and patient-related influences.
These thematic domains formed the basis for discussing the pathogenesis of ipsilateral knee pain after THA and potential
strategies for clinical management.

Related Pathological Mechanisms and Biomechanical Changes

Pathological Basis of the Knee Joint in Developmental Dysplasia of the Hip

Untreated developmental dysplasia of the hip (DDH) in adulthood often leads to progressive anatomical and biomecha-
nical changes.'® Such patients typically suffer from decreased mobility and pain due to issues like joint contractures, limb
length discrepancy, and abductor muscle weakness.” In the Crowe classification used to assess DDH severity, the
pathological manifestations of a Crowe type IV hip are diverse, ranging from high dislocation to asymptomatic adult
acetabular dysplasia.”’ The dysplastic acetabulum is filled with fibrous tissue and fat, and the femoral canal is straight
and narrow, accompanied by excessive anteversion.”' Epidemiological data show that 50-70% of DDH patients
ultimately develop moderate to severe hip osteoarthritis, most of whom require THA.**> The morphological evolution
from Crowe type I to type IV clearly demonstrates a series of progressive changes, including superior migration of the
femoral head, the femoral canal becoming straighter, narrower, and excessively anteverted, capsular thickening, and
abductor muscle shortening.” More critically, the impact of DDH extends far beyond the hip joint and is closely related to
morphological changes in the knee joint, manifesting as smaller and asymmetric femoral condyles, a shallower trochlea,
decreased lateral shift of the patella, an increased patellar tilt angle, and typically valgus lower limb alignment.”® The
natural course of the disease can sometimes lead to developmental changes in the knee’s bony anatomy, subsequently
causing lower limb valgus deformity and secondary tibiofemoral arthritis.® The relatively abnormal anatomy of the lower
limb in DDH patients provides some guidance for explaining the occurrence of ipsilateral knee pain after THA.

Biomechanical Changes in the Lower Limb After THA

Alterations in the overall biomechanics of the lower limb after THA are a core mechanism of ipsilateral knee pain.
Changes in tibiofemoral rotation and patellar tilt post-THA have garnered attention, with some studies reporting external
rotation of the tibia after THA;® furthermore, another study found that the degree of limb lengthening after THA is
proportional to the increase in patellar tilt angle and the magnitude of external rotation of the patella relative to the
femur.® Based on this, some research hypothesizes that increased limb lengthening leads to a larger tibiofemoral rotation
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angle (TFRA),** which in turn increases the patellar tilt angle (PTA) and worsens postoperative hip function scores
(mHHS). The underlying mechanism may be that while muscle tissue can adapt to limb lengthening postoperatively, the
iliotibial band (ITB), as a strong tendinous structure, cannot undergo corresponding adaptive changes. Because the ITB
inserts on the lateral aspect of the knee, its excessive tension forces the knee into a valgus deformity, leading to abnormal
stress on the medial collateral ligament and pain,® Specifically, a limb lengthening amount of >17mm has been identified
as a risk factor for provoking anterior knee pain.''

The aforementioned biomechanical changes clinically manifest directly as abnormal knee alignment and pain.
Although recent clinical reports on THA for Crowe type IV hips show excellent hip outcomes, corresponding complica-
tions still exist, including limited flexion, limping, knee valgus, knee pain, etc.”” Therefore, complications such as
periprosthetic fracture, infection, polyethylene liner wear, dislocation, limited range of motion, abnormal gait, knee
valgus, knee pain, thigh pain, and hip noise are issues that need to be faced after THA.? Ipsilateral knee pain after THA,
as one of the relatively insidious complications, is gradually being recognized and taken seriously by clinicians.

Clinical observations have found that in some Crowe type III and IV hips, after reducing the hip rotation center to the
anatomical position, even the ipsilateral knee that was normal preoperatively exhibits adaptive changes and painful
valgus deformity, and this phenomenon still occurs even when femoral shortening is performed.® This situation is directly
related to postoperative limb lengthening. Data analysis shows a significant correlation between the amount of limb
lengthening and an increase in the quadriceps Q-angle after THA.?® However, there is no significant correlation between
femoral resection length and the postoperative Q-angle, suggesting that knee issues are not directly related to femoral
shortening but are indirectly related to the final limb length.® Excluding knees with pre-existing pathological Q-angle
enlargement or valgus deformity makes the results more compelling; one study showed that all knees in their cases were
normal preoperatively and demonstrated valgus deformity postoperatively,® This valgus deformity tends to cause
patellofemoral joint subluxation, leading to ipsilateral knee pain. Another important finding is that the postoperative
increase in Q-angle is inversely correlated with the Lysholm-Gillquist score used for clinical functional assessment of the
knee, meaning that as the Q-angle increases, the knee score decreases,® which indirectly confirms an association between
Q-angle changes and ipsilateral knee pain after THA.

Despite statistically significant improvement in the postoperative Harris Hip Score, the condition of the patient’s knee
worsened compared to preoperatively.® Although the acceptable amount of limb lengthening did not negatively affect the
postoperative hip score, it had a negative effect on the ipsilateral knee.® The above data results explain the clinical
phenomenon of observing ipsilateral knee valgus deformity accompanied by medial collateral ligament tenderness, ITB
sensitivity, and a sensation of pulling early after THA, and these clinical manifestations are more severe in patients with
significant limb lengthening.®

Nevertheless, the overall impact of THA on the coronal and axial plane alignment of the ipsilateral knee in DDH has
not been fully elucidated.* For example, Kocabiyik et al evaluated 25 THAs with femoral osteotomy for Crowe type IV
DDH and found that THA neutralized the coronal plane alignment of the knee, femoral parameters changed significantly,
but the changes in the hip-knee-ankle angle and mechanical axis were very small.” Tokuhara et al studied the effects of
THA on the ipsilateral patellofemoral joint in 252 DDH patients and found that the incidence of anterior knee pain was
approximately 7.3%, and this pain mostly decreased or disappeared within one year; lateral patellar tilt was significantly
correlated with limb lengthening and was markedly increased in painful knees, but the association between patellar tilt
and anterior knee pain was no longer significant after 3 months.> The direct biomechanical consequences of achieving
anatomical reduction in Crowe IV DDH, particularly limb lengthening, on the ipsilateral knee are depicted in Figure 2.

Overall, these early findings suggest the importance of in-depth study of such complications, but relevant data remain
insufficient, and research is not yet thorough enough.* Therefore, ipsilateral anterior knee pain and medial collateral
ligament tenderness after THA are related to patellofemoral joint abnormalities caused by limb lengthening. This
suggests that surgeons performing THA should try to avoid excessive limb lengthening, preferably keeping it to no
more than 17mm.

However, in certain complex cases—particularly in patients with high-dislocation developmental dysplasia of the hip
—complete restoration of limb length may not always be feasible without introducing excessive soft tissue tension or
biomechanical alterations. In such situations, preoperative planning should aim to balance the correction of limb length
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Figure 2 Alterations in lower limb biomechanics following total Hip arthroplasty for developmental dysplasia of the hip (DDH).

discrepancy with the risk of secondary complications, including ipsilateral knee pain. Some studies suggest that moderate
residual limb length discrepancy may be preferable to excessive limb lengthening, which can increase soft tissue tension
and alter knee biomechanics.®?” Therefore, careful preoperative templating, intraoperative assessment of soft tissue
balance, and individualized surgical decision-making are essential to minimize the risk of postoperative knee symptoms.

Referred Pain and Central Sensitization Mechanisms

Referred Pain Mechanism

The pain presentation caused by hip joint pathology possesses a certain complexity. Although this pain is often localized
to the hip, it can also be referred to the buttock, thigh, knee, and even the lower leg.?® The prevalence of hip-originated
knee pain is reported to be between 2% and 29%.° Knee pain originating from hip pathology is well-described in
pediatric literature, often associated with slipped capital femoral epiphysis or Legg-Calvé-Perthes disease; however,
research literature on this symptomatic presentation in adults is very scarce, found only in a small number of small case
series.”’

Generally, pain caused by hip joint pathology is often felt in the groin area, lumbosacral region, or anterior thigh,
while ipsilateral knee pain (especially anterior knee pain) is also a recognized component of hip pain.*® Specific neural
pathways underlie the phenomenon of referred pain. Referred pain to the thigh and knee originating from hip joint
pathology arises from the sensory distribution of the femoral nerve, obturator nerve, and sciatic nerve.>' The peripatellar
soft tissues of the knee joint are in close contact with the patellofemoral joint and are richly innervated.*? It is noteworthy
that the presence and distribution of substance-P nerve fibers in the infrapatellar fat pad suggest a nociceptive function in
anterior knee pain; Witonski et al found a large number of such fibers in the infrapatellar fat pad of patients with anterior
knee pain.>* The imbalance in the state of the balance between sensory and sympathetic nerve fiber densities has certain
implications for understanding ipsilateral knee pain after THA. In highly inflammatory diseases such as rheumatoid
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arthritis, the ratio of sensory substance-P nerve fibers to sympathetic nerve fibers is approximately 8:1, whereas in
healthy tissue, the density of sensory and sympathetic nerves is balanced at 1:1.** Ipsilateral anterior knee pain after THA
may be related to referred pain. It is plausible that in patients with long-standing hip pathologies such as DDH or ONFH,
chronic alterations in gait and knee biomechanics might create a peripheral sensitization state in the knee. Surgical
manipulation during THA may contribute to ipsilateral knee pain through stimulation of shared neural pathways;
however, the precise contribution of referred pain to postoperative knee symptoms remains uncertain. Future clinical
studies integrating imaging findings and pain phenotyping may help clarify the role of referred pain in this complication.
We hypothesize that the surgical trauma and consequent inflammatory milieu of THA may sensitize these pre-existing or
newly stimulated substance-P positive nociceptive pathways, potentially lowering the threshold for pain referral from the
hip to the knee and contributing to the clinical presentation of ipsilateral knee pain postoperatively.

Central Sensitization Mechanism

Building on the aforementioned referred pain and peripheral nerve mechanisms, the persistence and chronicity of pain
often involve changes in the central nervous system. Taking fibromyalgia as an example, as the most “systemic” pain
disorder, it is characterized by widespread somatic pain and comorbid somatic symptoms (such as fatigue, poor sleep,
depression, and memory difficulties), all of which are considered to originate from the central nervous system.®
Research has identified abnormal central nervous system processing and modulation of pain, as well as comorbid
symptoms, in various chronic pain states.® Indeed, sensitization has multiple clinical manifestations, such as diffuse
pain symptoms, sleep disturbances, hyperalgesia, kinesiophobia, or pain catastrophizing. These symptoms presented in
patients with knee or hip osteoarthritis are all central nervous system-derived symptoms associated with nociplastic pain
conditions. "’

Central pain sensitization involves the amplification of neuronal activity occurring at a systemic level, leading to
increased sensitivity to nociceptive input distant from the painful area. It is now clear that some patients with painful
osteoarthritis have central pain sensitization.?” Such patients may be at higher risk of experiencing chronic pain after joint
arthroplasty, as removing the peripheral pain source may not reverse the enhanced central pain processing alterations.”
Some studies have shown that patients with higher fibromyalgia survey scores consumed significantly more opioids
during the acute period after TKA and THA.*® Early studies provide additional support for the hypothesis of poorer
outcomes in patients with fibromyalgia features. For example, poorer long-term analgesic outcomes after joint arthro-
plasty are associated with multi-site pain (one of the hallmarks of fibromyalgia).!' Diffuse hyperalgesia is one of the
physiological correlates of fibromyalgia and other conditions where pain is considered to have centralized.*> Some
studies have demonstrated that patients with anterior knee pain benefit from electroacupuncture treatment, suggesting that
central pain inhibition through afferent stimulation is a reasonable explanation,®® providing indirect evidence for the
involvement of central mechanisms in pain modulation. In patients with DDH and osteonecrosis of the femoral head, the
long duration of disease and chronic pain exposure may predispose individuals to central sensitization, which could
contribute to ipsilateral knee pain after THA. This hypothesis requires further confirmation through prospective clinical
studies evaluating central sensitization markers and postoperative pain outcomes.

Surgical Technical Factors and Prosthesis Influence
Surgical Approach

The choice of surgical approach may influence clinical outcomes after THA and can affect postoperative lower limb
biomechanics, which may indirectly impact the ipsilateral knee. Different approaches involve varying degrees of soft-
tissue disruption and muscle preservation, which may influence postoperative joint stability and gait mechanics, and in
turn affect overall lower-limb alignment.Previous clinical studies have compared the anterior and posterolateral
approaches in THA. For example, Chen et al reported that the anterior approach combined with proximal femoral
osteotomy in patients with septic arthritis showed advantages such as reduced intraoperative blood loss and a lower rate
of postoperative dislocation compared with the posterolateral approach.*® However, it should be noted that this study
involved a highly specific patient population, which may limit the generalizability of its findings to routine THA practice.
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In general THA populations, the direct anterior approach is often considered muscle-sparing and may facilitate early
postoperative functional recovery. However, it is technically demanding and may require a longer operative time. In
contrast, the posterolateral approach remains one of the most commonly used approaches due to its wide exposure and
technical familiarity, although it has historically been associated with a relatively higher risk of postoperative dislocation
if soft tissue repair is insufficient.*’ Because surgical approach selection can influence soft tissue tension, hip stability,
and postoperative limb alignment, these factors may subsequently affect knee joint loading and biomechanics. Therefore,
careful surgical planning and appropriate approach selection may contribute to minimizing secondary biomechanical
effects on the ipsilateral knee after THA.

Prosthesis Positioning and Planning

Accurate prosthesis positioning and selection are core to ensuring the long-term success of THA and avoiding secondary
issues in the ipsilateral knee. To effectively prevent postoperative complications, particularly to avoid adverse effects on
the ipsilateral knee due to changes in the hip’s mechanical environment, the combined anteversion of the acetabular cup
and femoral stem must be comprehensively considered, while carefully assessing the bony coverage of the cup and the
native morphological characteristics of the acetabulum, including its natural anteversion and inclination.** Adult
cadaveric morphometric studies show that the normal physiological range of femoral anteversion is wide, ranging
from —15° (retroversion) to 30° (anteversion),*> highlighting the importance of precise preoperative assessment and
individualized design.

To overcome the limitations of traditional inverse dynamics analysis in predicting postoperative biomechanical
changes, predictive dynamic simulation technology provides a feasible solution. This method is based on the fundamental
assumption that “human motion tends towards optimization of energy consumption or mechanical efficiency in a given
context,” employing optimal control algorithms to predict postoperative patient movement patterns.'* A major advantage
of predictive simulation is the ability to perform “what-if” analyses for various clinical scenarios, such as simulating the
impact of different patient conditions (eg., limited joint range of motion, weakened muscle strength, etc.) on movement
patterns, thereby providing data support for the optimal placement of implants.** All these technical means help
significantly reconstruct lower limb biomechanical offset and appropriate length,* thereby reducing the incidence of
ipsilateral knee pain after THA.In recent years, emerging surgical technologies have been increasingly introduced to
improve the precision of implant positioning in THA. Robotic-assisted THA, computer-assisted navigation systems, and
patient-specific instrumentation (PSI) have been developed to enhance the accuracy of component placement, restoration
of limb length, and femoral offset. These technologies allow surgeons to perform more precise preoperative planning and
intraoperative guidance, thereby reducing variability in component alignment.

Several studies have reported that robotic-assisted THA can improve the accuracy of acetabular cup positioning and
better control limb length discrepancy compared with conventional techniques.*® Computer navigation systems provide
real-time intraoperative feedback on component orientation and limb length changes, which may help optimize lower
limb biomechanics.”” Patient-specific instrumentation, based on preoperative imaging and individualized anatomical
modeling, also assists surgeons in achieving more accurate component placement.*® Given that postoperative changes in
limb length, femoral offset, and lower limb alignment have been associated with ipsilateral knee pain after THA, the
application of these technologies may have potential value in reducing this complication. Although current evidence
remains limited and further high-quality studies are needed, these technologies represent an important direction for
improving surgical precision and postoperative functional outcomes.

Intraoperative Maneuvers (Eg., Adductor Tenotomy)

Beyond the choice of approach and implant planning, the specific technical maneuvers performed during THA are critical
determinants of postoperative biomechanics and complication risks. Surgical proficiency plays a key role in executing
these maneuvers to optimize outcomes and minimize adverse effects on adjacent joints, such as the knee. Understanding
the mechanisms of surgery-related complications is crucial for preventing and managing the complication of ipsilateral
knee pain after THA. Lower limb alignment after THA changes dynamically over time. Some studies have shown that
hip internal rotation and lateral patellar tilt continue to change for up to two years post-THA, with an average change of
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about 2°, but inter-individual variation is very large.*’ Further analysis revealed that adductor tenotomy was significantly
associated with increased hip internal rotation over time; whereas the amount of limb lengthening and a larger
preoperative tibiofemoral angle were associated with a decrease in lateral patellar tilt over time.*’ These findings suggest
that certain potential intraoperative surgical maneuvers (such as adductor release) influence the postoperative biomecha-
nical environment of the ipsilateral knee, potentially leading to the occurrence of anterior knee pain by altering
patellofemoral joint stress distribution and lower limb rotational alignment. Therefore, adductor tenotomy—a specific
intraoperative maneuver—may inadvertently alter patellofemoral mechanics, representing a modifiable surgical factor
that could contribute to the development of ipsilateral anterior knee pain after THA.

Patient-Related Risk Factors

Preoperative Pain Status of the Patient

The patient’s preoperative pain experience is an important predictor of ipsilateral knee pain after THA. Multi-site pain,
one of the core diagnostic criteria for fibromyalgia, is closely associated with poorer long-term analgesic outcomes in
joint arthroplasty patients. This essentially reflects a sensitized state of pain processing within the central nervous system.
This central sensitization phenomenon has been proven in multiple chronic pain studies to be an important biological
marker for predicting postoperative pain outcomes.'' Analyzing from a clinical pathophysiological perspective, we can
recognize that the functional severity of the joint lesion directly determines the intensity and temporal dimension of
peripheral nociceptive stimulation, which to some extent exacerbates central sensitization. Furthermore, comorbid pain in
other parts of the body often indicates abnormal widespread pain processing mechanisms. The interaction of these two
preoperative pain states leads to a significantly increased incidence of persistent postoperative pain®® and is closely
related to the complication of ipsilateral knee pain after THA.

Regarding medication history, preoperative opioid use has been confirmed as a risk factor predicting poor chronic
pain outcomes postoperatively, which may be related to mechanisms such as opioid-induced hyperalgesia and drug
tolerance.’’ The research by Yang et al further expanded this understanding, finding that the use of any type of
preoperative analgesic (not limited to opioids) was associated with an increased risk of chronic postoperative pain,
suggesting that preoperative opioid analgesic intervention may have a potential impact on ipsilateral knee pain after
THA.'* The aforementioned studies indicate that patients with long-term pain and those on preoperative opioid analgesia
are more likely to experience ipsilateral knee pain after THA due to central sensitization mechanisms and potential
opioid-induced hyperalgesia and tolerance mechanisms. This suggests that surgeons should anticipate this complication
based on the patient’s behavioral state during patient management and provide timely intervention postoperatively. In
clinical practice, patients with suspected central sensitization or neuropathic pain components may benefit from targeted
preoperative screening. Validated tools such as PainDETECT, the Douleur Neuropathique 4 (DN4) questionnaire, or
quantitative sensory testing can help identify altered pain processing and guide individualized perioperative pain

management strategies.”’

Individual and Population Factors

Patients’ metabolic diseases and comorbid status affect postoperative pain outcomes through various pathophysiological
pathways. Diabetes mellitus shows a strong association with persistent postoperative pain, the mechanisms of which may
be related to peripheral nerve dysfunction caused by the accumulation of advanced glycation end products, oxidative
stress damage, and microangiopathy.”® Some studies have shown that linear regression models using individualized
metabolic abnormality indicators can predict surgical outcomes more accurately than simply counting the number of risk
factors, suggesting the importance of individual metabolic indicators on pain.'> However, most ipsilateral knee pain after
THA is not persistent pain (the pain duration is mostly less than 3 months). While diabetes is associated with persistent
pain after joint arthroplasty, its mechanism has not been clearly elucidated, and there are no reports linking it to non-
persistent postoperative pain. Whether it is relevant to the topic discussed in this review requires future research to

investigate.
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Psychological and emotional factors play an important role in pain perception and modulation. Negative emotional
states such as anxiety and depression affect opioid consumption after THA, and patients with severe negative emotions
also experience more pain over time. Mental health is an independent predictor of in-hospital opioid consumption, patient
satisfaction at 3 months postoperatively, and treatment effectiveness.”® The mechanisms by which these psychological
comorbidities affect joint arthroplasty outcomes involve multiple regulations of the neuroendocrine and even immune
networks.>® Individual pain coping strategies have also been proven to be associated with postoperative pain outcomes,
suggesting the potential value of cognitive-behavioral intervention.’' Patients with more negative emotions are more
likely to feel pain postoperatively and are more likely to have their satisfaction after THA affected. Surgeons should have
a general understanding of the patient’s psychological state to be psychologically prepared for the complication of
ipsilateral knee pain after THA.

Socioeconomic factors influence patients’ pain experience and healthcare outcomes in multiple ways. Low-income
and socially disadvantaged populations are often associated with more severe pain symptoms, highlighting the important
role of social determinants in health outcomes.'” In addition, clear social gradient differences exist in healthcare
accessibility; individuals from lower socioeconomic groups have fewer opportunities to receive joint arthroplasty
procedures, reflecting structural disparities in healthcare resource distribution.'” Regarding treatment outcomes, patients
from disadvantaged socioeconomic backgrounds have also been reported to have a higher risk of hospital readmission,
suggesting inequalities in postoperative care and follow-up systems.’> Racial disparities in postoperative pain outcomes
have also been reported. Some studies have shown that African American patients may have a higher risk of chronic
postoperative pain following joint arthroplasty compared with other racial groups.’’ However, these differences are likely
multifactorial rather than solely attributable to psychosocial factors. Recent studies examining postoperative pain
trajectories have suggested that a range of factors—including discharge disposition, access to rehabilitation services,
baseline functional status, and perioperative care pathways—may contribute to variations in postoperative recovery and
pain outcomes across different populations.”® Furthermore, the availability of social support systems may also affect
postoperative pain perception and recovery. A stronger social network can help alleviate perceived pain through
emotional support and practical assistance during the recovery process.”’ Although employment status has been
associated with postoperative pain outcomes in some individual studies, meta-analytic evidence suggests that it may
not independently predict pain outcomes after arthroplasty.”” While socioeconomic and demographic factors appear to
influence postoperative recovery and patient-reported outcomes, their specific contribution to ipsilateral knee pain after
THA remains unclear. Future multicenter cohort studies may help clarify the relative impact of these factors on
postoperative knee pain.

Regarding demographic characteristics, several factors show complex associations with postoperative pain outcomes.
Firstly, age: although some studies suggest that younger patients may report persistent postoperative pain more easily due
to higher functional expectations,’® this association varies significantly across studies, reflecting an interaction between
age and research factors (such as occupational demands, psychological expectations, etc).>® Secondly, gender differences
are significant in pain biology; female patients exhibit greater sensitivity to acute and chronic pain and poorer analgesic
effects, which may be related to the modulation of pain pathways by sex hormones and gender differences in pain coping
strategies.®® Obesity, as a global health issue, has multiple negative impacts on joint arthroplasty outcomes. Higher BMI
is generally associated with poorer pre- and postoperative scores on various patient-reported outcome measures. The
mechanisms involve multiple pathways, including increased biomechanical load, systemic inflammatory state, and
adipokine metabolic dysregulation.®’ The aforementioned demographic characteristics all have negative effects on
satisfaction after THA and are also associated with postoperative pain. However, whether they are relevant to the
topic of this review, and if so, to what extent, warrants further research.

Clinical Assessment and Diagnostic Tools

Assessment Tools
Standardized assessment for ipsilateral knee pain after total hip arthroplasty requires the use of validated tools. The pain
subscale of the Knee injury and Hip Osteoarthritis Outcome Score is one of the most commonly used scales for assessing
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pain in patients with osteoarthritis and after joint arthroplasty.®> The Oxford Hip Score, an assessment tool specifically
designed for hip replacement patients, systematically quantifies the degree of hip pain and functional limitation on a scale
from 0 to 48 (worst to best).®> There are multiple tools for assessing pain, including the Visual Analog Scale for pain
(providing a one-dimensional assessment of pain severity), the Brief Pain Inventory (a disease-nonspecific questionnaire
containing a pain severity subscale), and the short-form McGill Pain Questionnaire (a disease-nonspecific questionnaire
assessing sensory and affective qualities of pain).’® For identifying neuropathic pain, PainDETECT and Douleur
Neuropathique 4 (DN4) are commonly used, effective clinical assessment tools,”® Quantitative sensory testing can
objectively assess hyperalgesia and central sensitization status. The combined application of these tools enables
a comprehensive multi-angle assessment of pain, providing an objective basis for developing individualized treatment
plans for ipsilateral knee pain after THA.

Imaging Diagnostic Techniques
Imaging and special diagnostic techniques play a central role in diagnosing the etiology of ipsilateral knee pain after total
hip arthroplasty. Ultrasound examination, with its unique advantages of being radiation-free, providing real-time dynamic
imaging, and being convenient and low-cost, is particularly suitable for postoperative assessment. It can clearly demon-
strate joint effusion, synovial thickening, and changes in periarticular ligaments and tendons.®® Regarding imaging
examinations, nuclear medicine studies, such as bone scans, can identify various non-prosthetic causes of pain, including
referred pain, fracture, heterotopic ossification, and osteoarthritis progression.'® The EOS two-dimensional and three-
dimensional X-ray imaging system holds significant value in assessing biomechanical changes after THA. This technology
can simultaneously acquire orthogonal images of both lower limbs under weight-bearing conditions and construct three-
dimensional models, intuitively displaying the overall alignment relationship of the spine-pelvis-lower limb chain.
Furthermore, this imaging technique is relatively insensitive to metal artifact.>%” However, a health technology assess-
ment concluded that while EOS provides lower radiation dose and comparable image quality, its high capital cost makes
cost-effectiveness highly dependent on very high patient throughput, which may not be achievable in routine practice.
Furthermore, evidence on long-term patient health benefits beyond radiation reduction remains limited.®®

As traditional imaging techniques (including X-ray and conventional CT) have limitations in fully revealing posture

and alignment issues after THA (such as leg length discrepancy, femoral offset, and tibiofemoral rotation, etc),***’

some
research has designed extended CT scanning protocols to compensate for this deficiency. The aim is to with the aim of
describe in detail the coronal and axial plane alignment changes of the hip and knee after THA. The hypothesis is that
patients undergoing THA will experience significant changes in coronal plane alignment, femoral anteversion, and
patellar tracking, and this is planned to be validated through long-term follow-up.* It is important to acknowledge that
such dedicated CT protocols, while offering superior planning accuracy and potentially improving surgical outcomes, are
associated with a significantly higher radiation dose (eg., increases of >30% or more) compared to conventional
radiography. Although the absolute cost of the scan may constitute a small fraction of the total procedure cost, its cost-
effectiveness is highly sensitive to equipment utilization rates.”

In summary, the three-dimensional morphological visualization provided by ultrasound, nuclear medicine imaging, EOS,
and extended CT assists surgeons in diagnosing ipsilateral knee pain after THA and provides support for precise intervention.
The selection of an advanced imaging modality in clinical practice should therefore involve a balanced consideration of its

diagnostic yield, against practical constraints including radiation exposure, cost, availability, and the specific clinical question.

Multimodal Intervention Strategies

Preoperative Intervention Strategies

Preemptive intervention before THA plays an important role in reducing ipsilateral knee pain after THA. The core
principle is to avoid excessive lengthening of the operated limb through proper preoperative prosthetic measurement and
planning, thereby preventing excessive disruption of the lower limb mechanical environment that can lead to knee pain.
Preoperative education is an important part of preoperative intervention. Its core elements include: involving the patient
and their family together in the planning; ensuring the participation of a team including the surgeon, anesthesiologist,
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nursing, and physiotherapy teams; informing the patient about the general course of postoperative rehabilitation,
including goals and expectations at specific time points; explaining perioperative pain control methods, and setting
realistic expectations for postoperative pain levels.”' Simultaneously, individuals at high risk for ipsilateral knee pain
after THA (ie., those with the aforementioned potential risk factors, such as patients with high-dislocation DDH, patients
suspected of having pre-existing central sensitization, patients with a history of long-term high-dose analgesic use, etc.)
should be identified preoperatively. This allows for timely detection and management should this postoperative compli-
cation occur. For these identified high-risk patients, implementing targeted prehabilitation is crucial. Such measures may
include strengthening exercises for the quadriceps and other peri-articular knee muscles to enhance knee joint stability,
thereby helping it withstand altered biomechanics after THA. Concurrently, preoperative pain neuroscience education for
high-risk patients is vital to clarify concepts like referred pain and central sensitization. This can reduce maladaptive pain
cognitions, such as pain catastrophizing, and alleviate preoperative anxiety. These proactive steps are expected to
positively reduce the incidence of this complication.

Postoperative Multimodal Analgesia Regimens
Ipsilateral knee pain after THA is a complication caused by multiple factors, including soft tissue injury around the knee
due to postoperative mechanical changes. Referred pain and central sensitization mechanisms may also be involved,
alongside other potential risk factors such as the psychosocial factors mentioned above. Addressing the cause accordingly
is the best measure for managing ipsilateral knee pain after THA. The concept of multimodal analgesia was first proposed
by Wall in 1988 and later promoted by Kehlet and Dahl as “balanced analgesia.” It aims to act on different parts of the
pain pathway to reduce postoperative opioid requirements.”” Preemptive analgesia with parecoxib can alleviate acute
pain after hip and knee arthroplasty, reduce cumulative opioid consumption, and does not increase the risk of adverse
drug events.”® As an injectable COX-2 inhibitor, it reduces central sensitivity and peripheral nociceptor inflammation.”
This makes it a good option when this complication occurs in patients with long-term pain or those on long-term opioid
analgesia, although there are no targeted studies proving its efficacy specifically for this condition. Duloxetine,
a serotonin and norepinephrine reuptake inhibitor effective for neuropathic pain, significantly reduces VAS scores within
3 months postoperatively.”* Controlled-release opioid formulations can maintain stable blood concentrations, avoiding
the fluctuations associated with immediate-release formulations.”” They free patients from the need for as-needed dosing,
can improve pain relief, and shorten recovery time.’®

Interventional pain management techniques provide important options for patients with inadequate response to
medication. Peripheral nerve stimulation targeting branches of the saphenous nerve is a direct, highly selective, and
safe technique for treating knee pain.”’ Studies show this technique can reduce opioid use and improve quality of life,
mood, and sleep.”® Radiofrequency neurolysis of knee nerves has shown preliminary positive effects in reducing pain and
improving joint function, representing a promising interventional strategy for treating refractory knee pain.”® Strategies
targeting central sensitization primarily aim at the neuropathic pain pathways associated with chronic postoperative
pain.”® Recommended medications include tricyclic antidepressants, serotonin and norepinephrine reuptake inhibitors,
and gabapentinoids.”® The long-term benefits of multimodal regimens are significant. Non-opioid interventions can
reduce opioid-related adverse effects, such as respiratory depression, nausea/vomiting, pruritus, and impaired
concentration.”’ Individualized pain management, which tailors strategies based on pain mechanisms and psychosocial
factors, can improve outcomes in patients with nociplastic pain.®°

Conclusion

Ipsilateral knee pain following total hip arthroplasty (THA) is a clinically relevant complication that may impair
postoperative functional recovery and patient satisfaction. Current evidence suggests that this condition arises from the
interaction of multiple mechanisms rather than a single causative factor. Among these, biomechanical alterations after
THA appear to be the most consistently supported contributors, particularly excessive limb lengthening and changes in
lower-limb alignment that can alter patellofemoral tracking and knee joint loading. Neurobiological mechanisms such as
referred pain and central sensitization may further amplify pain perception in susceptible individuals, while surgical
factors and patient-related characteristics may modulate the overall risk.
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From a clinical perspective, prevention and management of ipsilateral knee pain after THA should focus on strategies
that address these mechanisms. Restoration of appropriate lower-limb biomechanics remains a central goal, emphasizing
careful preoperative planning, accurate component positioning, and avoidance of excessive limb lengthening during
surgery. Identification of patients with potential vulnerability to persistent postoperative pain—such as those with
preexisting chronic pain, high analgesic consumption, or psychosocial risk factors—may allow earlier implementation
of targeted perioperative pain management strategies.

Management should also follow a multimodal and mechanism-oriented approach. Pharmacologic treatments targeting
inflammatory and neuropathic pathways, combined with rehabilitation strategies aimed at restoring muscle strength and
joint stability, may improve postoperative outcomes. In patients with refractory symptoms, interventional pain manage-
ment techniques may also represent potential treatment options.

Future research should move beyond descriptive studies toward more rigorous investigation of this complication.
Prospective cohort studies are needed to better characterize the natural history and risk factors of ipsilateral knee pain
after THA. Comparative clinical studies examining surgical techniques and technologies that influence limb length
restoration and component positioning may clarify modifiable surgical determinants. In addition, validation of predictive
models integrating biomechanical, neurobiological, and patient-related factors may help identify high-risk patients and
guide personalized perioperative management strategies.
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