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Nail-patella syndrome (NPS) is a rare autosomal dominant disorder
characterized by skeletal and renal abnormalities. Diagnosis is primarily
clinical, based on four main features: nail dysplasia, patellar and elbow
abnormalities, and the presence of iliac horns. NPS affects approximately 1 in
50,000 individuals. Its presentation is highly heterogeneous, even within
families, which may delay recognition. Pathogenic variants have been
identified in the LMX1B gene located on chromosome 9g34. Although best
known for its orthopedic manifestations, NPS may also involve other systems,
notably the kidneys and eyes, leading to nephropathy or glaucoma that can
progress to severe morbidity. Clinical features may be apparent from birth but
will evolve over the life course, thus highlighting the need for long-term
monitoring. Management requires a multidisciplinary approach, with
orthopedics playing a central role. Surgical decisions, particularly for lower-
limb pathology, is individualized and guided by symptom burden and
functional impairment. This narrative review summarizes the current literature
on NPS, including its epidemiology, etiopathogenesis, clinical manifestations,
and natural history. It reviews diagnostic challenges based on clinical and
radiologic features. Finally, it critically appraises reported surgical
management strategies, with particular emphasis on knee pathology and
associated complications, with aims to guide current clinicians.

KEYWORDS

Fong disease, glaucoma, iliac horns, knee, nail patella syndrome, nephropathy,
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1 Introduction

Nail-Patella Syndrome (NPS), also known as hereditary onycho-osteodysplasia
(HOOD) or Fong disease, is a rare autosomal dominant disorder characterized by a
classic clinical tetrad of nail dysplasia, patellar abnormalities, typically hypoplasia or
aplasia, elbow abnormalities, and the presence of iliac horns (1-4). The syndrome is
estimated to affect 1 in 50,000 individuals, but may be higher due to the
underdiagnosis of this variable condition (1, 3, 5, 6).

Among the hallmark features, musculoskeletal involvement is the most frequent, with
patellofemoral pathology being the earliest and most disabling manifestation due to the
symptoms created by its abnormal osseous morphology (4, 7). Patellar defects range from
hypoplasia to aplasia, frequently resulting in anterior knee pain, joint instability,
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dislocation, and an increased risk of early-onset osteoarthritis. As
a result, orthopedic surgeons are often the first specialists to
encounter patients with NPS, particularly during adolescence or
early adulthood when joint symptoms become more disabling.

Despite the central role of patellar abnormalities in NPS, other
skeletal manifestations include elbow abnormalities such as radial
head subluxation, spinal involvement including mild scoliosis or
lumbar lordosis, and pelvic anomalies such as “iliac horns” (1).
Shoulder girdle dysplasia with glenohumeral arthritis has also
been described (8).

Furthermore, NPS may involve ocular, renal, and even
neurological domains (1, 9-12). Open ocular glaucoma is the
main ophthalmologic complication, while nephropathy occurs in
up to sixty per cent of patients, often presenting as
asymptomatic proteinuria but can progress to renal failure (1,
10, 11, 13-17). Neuropsychiatric associations such as attention-
deficit/hyperactivity disorder (ADHD) and major depressive
disorder (MDD) have also been reported (1, 12, 14).

NPS poses a distinct clinical challenge due to its rarity and
broad spectrum of clinical manifestations, often requiring highly
individualized management. Existing orthopedic literature is
predominantly composed of case reports and small case series,
typically limited in its follow-up. While a wide range of surgical
techniques has been reported in both children and adults,
standardized treatment pathways have yet to be established. This
lack of systematic synthesis has contributed to variability in
clinical practice, which the present review aims to address.

Articles were identified through a PubMed search and limited
to English-language publications reporting original research.
Studies directly describing orthopedic surgical interventions in
patients with NPS were included. Given the rarity of the
condition and the limited available literature, case reports were
also considered eligible.

2 Historical review

The earliest known familial description of NPS, dates back to the
early 19th century, by Chatelain in 1820, when he documented a case
with distinctive features not grouped previously (18-21). Its
hereditary nature was later recognized in 1883 by Pye-Smith, and
further substantiated in 1897 by Little, who cited a report by
Sedgwick describing a family, in which 18 individuals across four
generations exhibited similar physical abnormalities, including nail
dysplasia and absent or hypoplastic patellae (3, 22, 23).

The clinical spectrum of the condition expanded in the early
20th century. In 1909, Wrede was the first to document
additional elbow deformities, thereby introducing upper limb
involvement into the clinical picture (24). Further detailed
accounts followed, notably by Osterreicher in 1931 and Turner
in 1933, both of whom emphasized the triad of nail, knee, and
elbow abnormalities, as well as the dominant hereditary nature
of the syndrome (25, 26). Kieser in 1939, and later Fong in
1946, described the presence of “iliac horns”, further expanding
the phenotypic picture (27). These findings were confirmed by
Mino and Thompson in 1948 and 1949, solidifying the addition
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of the fourth feature. This finalized the defining tetrad of the
syndrome today, consisting of nail dysplasia, patellar anomalies,
elbow dysplasia, and iliac horns (21, 28, 29).

Systemic features of NPS, particularly renal involvement, were
recognized in the mid-20th century. Hawkins and Smith in 1950
first reported nephropathy in NPS patients, with further necropsy
evidence presented by Darlington in 1967 (30). Ophthalmological
complications were linked to NPS from the late 20™ century by
linkage studies (31, 32). These observations eventually led to the
inclusion of renal and ocular complications as secondary but
clinically significant features of the syndrome (13, 33).

Insights into the genetics of NPS emerged in the 1950s.
Aschner considered that probably four genes were involved, one
for each facet of the tetrad, and they were closely linked (34). In
1955, Renwick and Lawler conducted extensive family studies,
demonstrating that phenotypic variations were caused by
modifying genes at the same locus as the main gene (35, 36).
Their landmark research also demonstrated the non-sex-linked
autosomal dominant inheritance by establishing its genetic
linkage with the ABO blood group system in affected families (36).

The molecular basis of NPS was finally mapped in 1998, when
Dreyer et al. identified mutations in the LMXIB gene on
(37).
Subsequent research by Bongers and colleagues expanded the

chromosome 9q34 as the underlying genetic cause

mutational landscape, identifying over 180 distinct variants and
contributing significantly to our current understanding of the
syndrome’s clinical heterogeneity (38-40).

3 Epidemiology

NPS is a rare congenital disorder with an estimated incidence
of approximately 1 in 50,000 live births (1, 3, 5, 6). It affects
individuals of all racial and ethnic backgrounds and shows no
sex predilection (36). De novo mutations occur in about 12% of
the patients with NPS, and research demonstrated that 50% of
offspring of an affected individual are at risk of inheriting the
condition, demonstrating an autosomal inheritance (1).

Due to its variable clinical expression and incomplete
penetrance, the true prevalence of NPS may be underestimated,
as many individuals, particularly those with milder forms or
subtle symptoms, remain undiagnosed or misdiagnosed (1, 3, 5, 6).
Familial clustering is common, and a detailed family history often
aids in diagnosis. Despite its lack of uniformity, the hallmark
features of NPS provide a recognisable clinical pattern which can
aid early identification (1-4).

Epidemiological data are limited due to the scarcity of large
cohort studies, and most available information comes from case
reports, small series, and genetic family studies. Population-
based screening is currently not feasible, and awareness among
clinicians remains essential for timely diagnosis.

4 Etiopathogenesis

The underlying genetic defect of NPS has been localized on
the distal end of the long arm of chromosome 9, specifically, a
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mutation in the LIM Homeobox Transcription Factor 1 Beta gene
(LMX1B) occurring in the region 9q34.1 (35, 37, 38). This gene
encodes a transcription factor known as LIM-homeodomain
(LIM-HD), which is necessary for embryonic development,
particularly in  regulating the development of the
dorsal mesoderm.

The LMX1B protein has two LIM domains (LIM-A and LIM-
B), which facilitate

homeodomain responsible for binding to DNA. This enables the

protein-protein interactions, and a
regulation of downstream developmental genes expressed in the
dorsal limb mesenchyme, podocytes, and anterior eye structures.
Consequently, mutations in the LMXIB gene impair limb
development, glomerular basement membrane integrity, and
anterior segment formation of the eye, resulting in the
characteristic NPS phenotype (41-44).

Since the NPS genetic locus mapping in the 1990s, more than
a hundred pathogenic mutations in LMXI1B have been described,
including missense, nonsense, frameshift, and splice-site
mutations (6, 37, 45-47). These mutations often cluster within
functional protein domains, but no clear genotype-phenotype
correlation has been established (45-47).

The variability in NPS phenotype is most likely the result of
haploinsufficiency, where a single normal gene copy produces
insufficient proteins for normal development. However,
haploinsufficiency alone does not account for the wide range of
symptoms seen in affected individuals within the same family.
Possible

influences, and regulatory region mutations that affect when and

explanations include modifier genes, epigenetic
where LMXIB is expressed. The concept of isoalleles, proposed
in 1956, also suggests that alleles inherited from different
parents might modify phenotypic expression (6).

Animal studies provide further insight into the importance of
a well-functioning LMXIB gene for dorsoventral patterning and
renal morphogenesis. NPS features in LMXIB-deficient mice
include limbs with dorsal-to-ventral transformations. For
example, loss of dorsal features such as nails and hair follicles,
and the ectopic appearance of ventral structures, like toepads on
the dorsal side of the limb (47). Even deeper structures,
including dorsal tendons and muscle masses, are duplicated
ventrally, revealing a mirror-image symmetry not observed in
wild-type embryos. In addition to limb defects, these mice also
displayed renal abnormalities, including thickened and irregular
glomerular basement membranes, closely resembling the
nephropathy seen in human NPS (47). The severity of the
nephropathy is thought to be linked with specific LMXIB
mutations, but uncertainty remains (1, 14, 46).

Nevertheless, not all NPS anomalies result directly from
LMXIB dysfunction in bone and muscle tissues. Many skeletal
and muscular features likely arise secondarily from impaired
tendon or joint development. For example, muscle hypoplasia
and weakness may result from defective anchoring or reduced
mobilization due to altered joint architecture or connective
tissue patterning (48). This is supported by both animal models
and human muscle biopsy findings, which show that LMXIB is
not expressed in myocytes but rather in joint-forming regions

and connective tissue progenitors (47, 48). This suggests that
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LMXIB influences muscle development indirectly, through its
role in shaping the musculoskeletal environment. In the studied
NPS patient, only mild atrophy was seen in the deltoideus
muscle without signs of primary myopathy, reinforcing the idea
that muscle symptoms in NPS reflect secondary effects rather
than intrinsic muscle pathology (48).

In conclusion, NPS results from impaired LMXIB activity,
affecting the development of the limbs, kidneys, and eyes.
Although haploinsufficiency is a key pathogenic mechanism, the
marked clinical heterogeneity likely arises from a complex
combination of genetic and regulatory factors. Further research
into these modifiers will be essential to improve early diagnosis
and understanding of the full

phenotypic spectrum of

this syndrome.

5 Natural history

Even within the same family, NPS can present with marked
variability, with affected individuals showing heterogeneous
phenotypes despite sharing the same genetic background (49).
NPS can be diagnosed prenatally (50), and certain characteristic
features, such as iliac horns, may be detectable as early as the
first months of life (51). Skeletal and joint changes in NPS (50)
can be detected on radiographs and have been documented in
patients from the neonatal period onwards, with some cases
diagnosed within the first days of life (52). Nevertheless,
diagnosis during infancy is uncommon, partly because nail and
patellar abnormalities become more apparent as the child grows.
Patellar abnormalities may not be evident until later, as
ossification typically begins between the ages of 4 and 6 and is
not completed until adolescence. As a result, patellar dysplasia
becomes more evident in adulthood (4, 53). However, many
patients present earlier with functional issues affecting the feet,
knees, elbows, and hips (4).

Additionally, the clinical course of NPS is highly variable;
while some individuals remain almost asymptomatic, others
develop  significant complications, including early-onset
(54-57). Further

complications progress over time, such as nephropathy, which

osteoarthritis due to joint abnormalities

can worsen with age and, in some cases, lead to end-stage renal
disease (1, 46). Although renal failure most frequently develops
after the fourth decade of life, severe disease and even fatal
outcomes have been reported in children and young adults (58).
NPS renal abnormalities showed focal or diffuse irregular
thickening and segmental effacement of foot processes in the
podocytes. However, no correlation between the severity of the
lesions and the severity of the manifestation is established (58).
During pregnancy, most females with NPS will progress to
term without major complications (59). However, given the
potential for renal involvement, careful monitoring of renal
function is recommended. This is particularly important because
early renal impairment may mimic pre-eclampsia, and
distinguishing between the two is critical for appropriate
management (1). Some studies have noted a possible association

between NPS, pre-eclampsia, and adverse pregnancy outcomes,
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including in-utero fetal death, although most pregnancies in NPS
proceed without incident.

6 Clinical presentation

Patients with NPS typically present in childhood, often to
with
complaints involving the feet, knees, elbows and hips (49). As

orthopaedic teams as the first point of contact,
they are frequently the first ones to encounter these patients,
a comprehensive understanding of NPS is essential to ensure
early and accurate diagnosis (49). Diagnosis is primarily
clinical and is supported by the presence of the classical
tetrad of nail dysplasia, patellar abnormalities, elbow
dysplasia, and iliac horns (4, 46).

Knee involvement is highly prevalent, occurring in up to 80%
of individuals with NPS (7, 46). These range from milder degrees
of hypoplasia to complete agenesis and predispose patients to
patellar instability (present in up to 90% of cases), increasing
the risk of subluxation and dislocations (7, 35, 49). In some
patients, intra-articular abnormality in the form of a sagittal
fibrous or synovial septum of the anterior knee may be present.
This structure partitions the patellofemoral joint and prevents
the hypoplastic patella from engaging the trochlea, aggravating
maltracking and instability (46). Genu valgum deformities are
also observed, with knee symptoms such as pain and instability
being the most common presenting complaints (49).

Pelvic findings are characterised by the presence of iliac horns
and are pathognomonic of NPS, present in around 70%-80% of
cases (46, 49). They are bilateral, often palpable bony projections
that arise from the posterior aspect of the iliac crest at the
gluteus medius attachment site (60-62), and are typically of no
clinical consequence, rarely requiring intervention (49, 61, 63).

Upper limb involvement, though less common, remains well-
documented (46). Patients can present with capitellar hypoplasia
of the radial head, cubitus valgus deformities, elbow flexion
contracture, and cubital webbing (49). In rare cases, clavicular
horns, which are analogous to iliac horns, have also been
reported (63). Finally, spinal abnormalities, including scoliosis
and lumbar lordosis, have been described in patients with NPS (49).

All these musculoskeletal manifestations can predispose
patients to joint subluxations and dislocations, sometimes
bilateral, impacting their function and quality of life (49).
Clinical assessment should include a full musculoskeletal review,
with particular focus on patellar stability via dynamic patellar
tracking, and screening for joint subluxations (49).

Although musculoskeletal features are predominant in NPS,
affect

multidisciplinary teams to follow these patients holistically (1, 46).

this  syndrome can other  systems, requiring
Nail abnormalities are often the earliest and most recognisable

feature.  Manifestations include anonychia, koilonychia,
longitudinal striations, triangular and absent lunula (46).
Changes are mostly bilateral and are more severe in the
thumbnails and milder on the ulnar side of the hand. Despite
their characteristic appearance, nail deformities typically do not

result in functional impairment (49).
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Renal involvement occurs in thirty to fifty per cent of patients,
ranging from isolated proteinuria and nephropathy to renal
failure. In past studies, up to sixty per cent of patients exhibit
with
asymptomatic proteinuria, but can progress from chronic to

some degree of nephropathy, initial symptoms of
end-stage renal failure in fifteen to thirty per cent, respectively
(1, 10, 11, 13-17, 35, 46).

Ocular manifestations are found in around half of the affected
individuals, particularly as intraocular hypertension, glaucoma or
normal tension glaucoma (1, 9, 14, 35, 45, 46).

Although neurological involvement is rare, a small subset of
patients may present with complications such as sensorineural
hearing loss or epilepsy (I, 9-12, 14). In addition to these
findings, there is growing recognition of psychiatric manifestations,
and several studies have reported higher rates of attention deficit
hyperactivity disorder and major depressive disorder among
individuals with NPS compared to the general population (1, 12,
these

neuropsychiatric features may be linked to the broader role of the

14). While the precise mechanisms remain unclear,

LMXIB gene in neural development and dopaminergic pathways.

7 Radiological investigations

Although the diagnosis of NPS is primarily clinical, radiological
imaging is fundamental to search for skeletal anomalies and guide
treatment decisions, for example, during preoperative surgical
planning, and can help monitor complications.

Plain radiographic imaging can help NPS diagnosis by
detecting iliac horns on pelvic x-rays. These are bilateral, cone-
shaped bony projections that form the posterior ilia and are
visible in approximately seventy to eighty per cent of patients (3,
62). Knee radiographs, also known as the “NPS knee” in past
literature, include a constellation of characteristics such as a
shallow trochlear groove, a short and prominent anterior surface
of the lateral femoral condyles, while the medial femoral
condyle has a flattened anterior surface of the medial femoral
condyle (7, 41). The characteristic patella aplasia can also be
classified using x-rays. It is important to note that complete
agenesis differs widely between studies, ranging from 4% to
52%. However, the majority will have some degree of hypoplasia
(54). The patella’s morphology can be grouped via the Wiberg
classification, with the current hypothesis that the shape of the
patella could determine the degree of patellar instability, with
the example in Hunter’s cap-shaped patella (54). x-rays can also
aid in investigating arthritic changes (41).

Computer Tomography (CT) can be helpful to assess complex
joint anatomy or alignment when standard radiographs are
inconclusive (64). CT also assists in pre-surgical planning by
clarifying bone morphology and alignment, particularly in the
pelvis, knee and spine (55, 65). Magnetic Resonance Imaging
(MRI) is also valuable when evaluating soft tissue structures,
when detecting patellar cartilage wear, trochlear dysplasia,
meniscal anomalies, sagittal fibrous or synovial septum, and
sometimes synovitis in the various bones and joints affected
(56). This is particularly relevant during the pre-operative
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period to determine areas of ossification centers in children, not
demonstrated in x-rays, when avoided, are associated with better
surgical outcomes (66, 67).

NPS patients might have a lower hip bone mineral density
compared to the general population, with a normal to
osteopenia T-score. Despite only mild numerical changes,
pathological fractures were significantly more common (66).

Ultrasounds are used mostly to screen for complications but
have contributed to prenatal diagnosis by visualizing the iliac
horns and absent patella by ultrasound as early as 18-36 weeks
of gestation. However, these were found in the context of a
strong familial history and are not routinely assessed as part of
routine screening (50, 67, 68).

Renal ultrasonography can detect and monitor nephropathy,
which may remain asymptomatic for years. However, this
method is not routinely used (67). Instead, other non-
radiological investigations, such as urinalysis or blood tests, are
preferred to monitor for renal and ocular complications.

8 Management

The surgical management of NPS is primarily guided by
symptom severity and its impact on quality of life, often assessed
using validated scoring systems such as the Knee Injury and
Osteoarthritis Outcome Score (KOOS) or the Kujala anterior
knee pain score (54). The current consensus in the literature
recommends early surgical intervention in pediatric patients with
patellar instability, with operative management reported in 23%-
63% of cases (4). In contrast, procedures performed later in life
are often less preventive in nature and more frequently represent
salvage operations or corrective osteotomies undertaken in
response to long-term (49, 66, 71). Overall postoperative
outcomes are generally favorable, with a near-full range of
motion achieved by one year in many patients (70, 72).

The decision regarding unilateral versus bilateral surgery
appears to be symptom-driven, with some patients opting for
the surgery contralaterally after a successful first procedure (66),
while others remain asymptomatic on the contralateral side.
Nevertheless, a subset of patients may remain asymptomatic and
may never require surgical intervention (57, 71).

Surgical intervention is mostly undertaken for recurrent lateral
patellar dislocation with or without associated pain (69, 70). These
procedures are technically challenging due to the underlying
skeletal abnormalities of NPS, including hypoplasia, dysplasia,
abnormal alignment, and generalized ligamentous laxity, with
patellar resurfacing often not feasible (4, 72, 74). Intraoperative
navigation or robotic assistance has been used to facilitate
surgical accuracy in complex cases (65, 70).

Reported  surgical techniques encompass  soft-tissue
realignment procedures, medial patellofemoral ligament (MPFL)
reconstruction, quadricepsplasties for extension contractures,
capsular release for flexion deformities, and, in advanced cases
of NPS associated symptoms, partial or total knee arthroplasty
(4, 49, 54, 57, 65). The rationale guiding the choice of procedure

is not consistently detailed in the literature but generally results
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from the presentation and anatomic abnormalities identified on
imaging. MPFL reconstruction has demonstrated favorable
outcomes, including preservation of the range of motion and
improvement in patient-reported symptoms (70). The autograft
tendon of choice can vary, although one study hypothesized free
gracilis tendon, as a double band, could allow a stronger grip,
particularly relevant in the context of a smaller patella (70). The
Leeds-Keio ligament has also been reported to have positive
outcomes (71, 73). Finally, the Krogius-Lecéne procedure has
demonstrated long-lasting results with good functional outcomes
26 years after follow-up (57). Although a medial parapatellar
approach is most commonly used (41, 70-72), satisfactory
described
meniscectomy in selected cases (73), with combined proximal

outcomes have also been following lateral
and distal realignment encouraged (49).

Many reports describe an initial arthroscopic approach to
assess joint integrity, identify loose bodies and resect the
septum, before proceeding to open surgery to allow adequate
patellar realignment (69, 72). When a sagittal fibrous or synovial
septum of the anterior knee is present, its resection, either alone
or in combination with realignment procedures, has shown to
improve patellofemoral congruence, reduce instability, and
enhance knee function, particularly in younger patients (1, 5, 54,
74, 75). Interestingly, reformation of the synovial band after
prior resection has been observed, occasionally necessitating
repeat excision during subsequent procedures (71).

Despite surgical stabilization, some patients will continue to
experience mild pain or crepitus, even in the absence of
dislocation or subluxation (73). However, no matter the choice of
technique, a minority will require revision surgery due to
complications such as tendon rupture, persistent pain, or recurrent
patellar instability (4, 27, 41, 49, 67). In cases requiring total knee
arthroplasty, fabrication of a custom patellar component has been
necessary due to insufficient patellar thickness for reasonable

This
including patellar

resurfacing  (4). approach has been associated with

complications, tendon rupture following
postoperative falls. Other studies have also reported postoperative
tendon injuries, including patellar tendon rupture following tibial
tubercle anteriorization that required semitendinosus augmentation
and cerclage wire reinforcement (4), as well as recurrent medial
meniscal tears after arthroscopic septum resection performed
without concomitant patellar realignment (72). Less favorable
results have been reported in different techniques such as
ipsilateral lateral release, tibial tuberosity transposition, or bilateral
Judet quadricepsplasties. In the latter case, however, further
surgery was not required, with symptoms improving through
conservative management (4).

Age may also influence recovery trajectories. Younger age at
the time of surgery appears to be associated with better
outcomes (57, 66), particularly when intervention occurs before
adolescence (4, 71). Several pediatric cases report excellent long-
term outcomes, including absence of pain, return to sports and
no surgical complications at up to 26 years of follow-up
(57, 66). Older patients may experience prolonged rehabilitation,
with more reports of falls resulting in tendon rupture within

months of surgery or insufficiency fractures in some cases (72).
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This may be of impact as subsequent repairs and revision
procedures have led to persistent residual pain (4). However, we
should note that although no comparative age-stratified studies
exist, these findings may be purely incidental. Nonetheless,
progression of symptoms into adulthood has been reported in
non-operated knees (57).

Beyond the knee, orthopaedic management may include
correction of foot deformities such as clubfoot, pes cavus,
calcaneovalgus, congenital vertical talus, or equinus, which may
be managed by early posteromedial release to achieve a
plantigrade foot (49). Upper limb surgery is less common but
may involve soft tissue releases or radial head excision,
occasionally bilaterally (49, 76). Iliac horns may exceptionally
require intervention (49).

A major limitation across the literature is the relatively short
duration of follow-up for many reports. This is important as
often the follow-up period may not reveal symptom recurrence
that can manifest several years post-surgery (4).

NPS is
management is also important. Renal involvement may require

Finally, as a multisystem disorder, medical
blood pressure control with angiotensin-converting enzyme
(ACE) inhibitors, with progression to end-stage renal disease
necessitating dialysis or transplantation. Ophthalmological
complications, including glaucoma and ocular hypertension,
may similarly require lifelong

specialist monitoring and

treatment, which may require laser treatment (77, 78).

9 Conclusion

To our knowledge, this review is the first to collate and

discuss the range of orthopaedic management options
described for patients with NPS, with particular emphasis on
knee pathology. Potential publication bias exists within the
current case report literature, as most papers describe
successful surgical interventions with marked improvement in
knee function and symptoms. However, larger longitudinal
studies have also reported cases with complications or
operative failures. Additionally, many studies lack long-term
follow-up. This limits our ability to draw strong conclusions
about the durability of outcomes and, therefore, the best
Given the wide variability of NPS

manifestations, it is unlikely that a single surgical strategy will

surgical treatment.
be universally applicable. A balance must be struck between

treating current symptoms and preventing long-term
complications. Standardized assessment tools, such as the
Kujala or KOOS scores, may help guide management and
evaluate outcomes more consistently across studies.
Consensus seems to favor early surgical intervention in
symptomatic patients, with arthroscopic followed by open
approach. Ultimately, multidisciplinary research with longer
follow-up is needed to establish evidence-based guidelines
and help with the choice of surgical intervention and best
the need for

each patient’s

timing, while recognizing individualized

treatment tailored to phenotype and

functional demands.
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