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ABSTRACT

Introduction: this review article describes the Bipartite patella as a developmental variant resulting from the incomplete
fusion of the secondary ossification centres. Although frequently asymptomatic, it may present with knee pain and functional
limitation, often mimicking acute fractures.

Review: aims to synthesise current knowledge on its anatomical basis, diagnostic modalities, and management options, with
emphasis on clinically relevant and novel perspectives. A narrative review of literature was conducted using PubMed, Scopus,
and Google Scholar databases. Selected articles were analysed for prevalence, clinical presentation, imaging characteristics,
and treatment outcomes. The prevalence of bipartite patella is 1-2%, with male predominance and bilateral involvement in
nearly half of cases. The superolateral location (Saupe type Ill) is most common. Imaging reliably differentiates bipartite patella
from acute fractures, with radiographs showing smooth corticated margins and MRI providing insight into marrow oedema
and soft tissue pathology. Most cases respond to conservative management (rest, NSAIDs, physiotherapy), while surgery-such
as fragment excision, lateral release, or vastus lateralis detachment-is reserved for refractory cases. Surgical intervention
generally restores pre-injury activity.

Conclusion: recognition of bipartite patella as a benign anatomical variant is essential to avoid misdiagnosis and unnecessary
intervention. Novel aspects of this review include emphasis on its biomechanical role in patellar stability and updated surgical
outcomes. Understanding these factors supports tailored treatment and highlights areas for future biomechanical and long-

term outcome research.
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Introduction

The patellais the largest sesamoid bone in the human
body that develops in the tendon of the quadriceps
femoris muscle, which ossifies as a mass of cartilage at
around 3 to 5 years of age, fusing to form a single bone
at puberty: 10-11years for girls and 11-13 years for boys.
Hormonal control, genetics, and localised mechanical
stress all affect the rate and degree of ossification?.

Sesamoid bones and accessory bones are congenital
anatomical variations. Accessory bones originate
from the primary bone’s ossification centre and are
developmental variants that manifest as a secondary
centre. It might be isolated from the main bone or the
one adjacent to it. Avulsion fractures are frequently
mistaken for them. These bones are susceptible to
infections, displacement or may develop connective
tissue illnesses as a result of painful fractures®.

Sesamoid bones are characterised by their rounded
or oval shapes and smooth edges™. They are often
embedded within tendinous structures and at joint
surfaces, where they serve biomechanical functions
such as increasing mechanical leverage, reducing
friction, and protecting tendons from excessive
strain. While usually painless, sesamoid bones
can cause discomfort due to overuse, congenital
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defects, fractures, dislocations, or irritation of the
surrounding soft tissues®. The sesamoid bones of the
lower limb include the patella, fabella, cyamella, and
os peroneum; the sesamoid bone of the digital region
is the hallux sesamoid; and the sesamoid bones of the
upper limb are the two at the 1st metacarpophalangeal
joint, the 1Ist interphalangeal joint sesamoid, the 2
metacarpophalangeal joint sesamoid, and the 5%
metacarpophalangeal joint sesamoid®. Numerous
conditions can mimic accessory ossicles and sesamoid
bones, which may be mistaken for fractures and require
distinction on the basis of both history and imaging.
To reduce unnecessary orthopaedic consultations and
misdiagnoses, it is vital to understand these bones and
their clinical significance. Patella is securely affixed
to the knee’s extensor mechanism and lodged within
the quadriceps tendon. The fibres of the quadriceps
femoris create vertical ridges that define its anterior
surface Figure 1. It is separated into three areas: the
inferior third, which tapers to the apex encased by
the patellar ligament; middle third, which exhibits
vascular orifices and striations; and superior third
as base, where the quadriceps tendon inserts®. The
posterior surface bears facets for articulation with the
femur at the patellofemoral joint. The largest oval facet
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on the posterior surface is covered with the body’s
thickest hyaline cartilage, which measures 4-5 mm in
the centre. It is separated into medial & lateral halves,
which correspond to the femoral trochlea, by a vertical
midline ridge as shown in Figure 2. While the lowest
fourth is non-articulating and penetrated by vascular
foramina, the superior three-fourths constitute the
articular part!2,

The tendon of Quadriceps femoris (rectus femoris
anteriorly, vastus medialis and lateralis centrally,
and vastus intermedius posteriorly) is received by
the uneven base of the patella as shown in Figure 1.
For the patellar ligament, the apex creates a rounded
protrusion as shown in Figure 2. The medial border is
thicker along its lateral boundaries and serves as an
attachment point for the patellomeniscal, patellotibial,
and medial patellofemoral ligaments (MPFL), all of
which provide patellar stability. The lateral patellar
retinaculum, which is made up of deep transverse
and shallow oblique layers, is received by the thinner
lateral border'™. The MPFL, which is closely connected
to the vastus medialis, stretches from the medial
femoral epicondyle to the superomedial patella.
During 0-30° of knee flexion, it serves as the main soft
tissue that prevents lateral patellar dislocation'®>. The
trochlea becomes increasingly important for patellar
stability after 30° of knee flexion™. Acute lateral
patellar dislocation frequently results in damage to
the MPFL; while initial injuries are regularly treated
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Figure 1. Showing the Anterior view of Right and Left Patella.
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Figure 2. Showing the Posterior view of Right and Left Patella.
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conservatively, repair may be necessary in recurring
instances!¢".

The patella initially emerges as a condensation of
rounded cells inside the quadriceps muscle around the
20 mm embryonic stage. The synovial cavity is absent
and patella is separated from the femur by loose
mesenchymal tissue. This condensation gets denser
and expands by 23-24 mm stage, at which point the
femoral surface below starts to develop. The patella
becomes cartilaginous during the 30- to 32-mm stage,
and remains connected with the quadriceps femoris
tissue resting on top of the anterior distal femur.
Movement is transitorily eliminated by the formation
of a primitive articular disc by 35 mm, when the
free tissue between the patella and femur condyles
condenses and their perichondria unite. At around
40 mm embryonic stage, the synovial cavity of the
patellofemoral joint emerges, initially on the medial
side and then expanding laterally and centrally, as
the disc thins into a double cell layer that defines the
articular cartilages. The patella eventually forms as an
intramuscular sesamoid bone inside the quadriceps,
subsequently gaining a free articular surface when the
primitive joint plate forms and resolves®.

If the ossification centres of the patella fail to fuse,
the patella may remain split into two or more separate
parts. When the upperlateral part of the patellaremains
unfused, it is known as a bipartite patella, while a third
fragmentmayalsobeappreciatedinatripartitevariant®.
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Its prevalence in the population ranges from 1% to 2%,
with a male-to-female ratio of about 9:1, and is bilateral
in up to 43% of cases'®. Most cases are asymptomatic
and are incidentally discovered on imaging;
however, anterior knee pain is a sign in a
few patients, particularly after trauma, sports
injuries, or overuse®. Saupe classification defines the
bipartite patella based on the position of the
secondary ossification centre: type I: lower pole
~1%, type II: lateral edge ~20-25% and type III:
superolateral segment ~75% 2! as shown in Figure 3. A
new classification for the developmental abnormality
of ossification known as patella partita was recently
introduced by Oohashi et al. This categorisation was
based on the quantity of pieces (bipartite, tripartite,
and multipartite) and their placement (superolateral or
lateral)** as shown in Figure 4.

%
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Figure 3. Saupe classification.

DD

Supero-lateral Lateral Supero-lateral  Supero-
Bipartite Type Bipartite Type  and Lateral lateral
Tripartite Type Tripartite
Type

Figure 4. Classification given by Oohashi et al.

Clinical spectrum of Bipartite Patellar Pain, Patellar
Fractures & Treatment Modalities. shows that Bipartite
patella may present as anterior knee discomfort in
young, active individuals after trauma, overuse, or
demanding sports activities. Patients usually complain
of uneasiness and pain with any knee action that
activates the quadriceps’ extension mechanism, such
as squatting, leaping, and ascending stairs. Physical
examination of the knee joint often exhibits localised
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tenderness over the patella’s superolateral pole. There
may be a palpable defect or an odd prominence. The
patient may have a hematoma or effusion above the
auxiliary fragment, a larger-than-normal patella, and/
or impaired quadriceps function. Two fundamental
mechanisms—single, direct trauma or recurring
small injuries—are acknowledged as the causes of
symptoms*. Nonsurgical management is the primary
approach for treating symptomatic bipartite patella.
The majority of patients improve with rest and reduced
participation in athletic activities. Along with the use
of nonsteroidal anti-inflammatory drugs (NSAIDs),
physical therapy typicallyincludes isometric stretching
exercises for the quadriceps muscles. A local steroid
injection could be enough to relieve pain without the
need for surgery in the patient with bipartite patella
symptoms?*. In patients who have not responded well
to nonsurgical alternatives, surgery is necessary.
Several surgical techniques have been suggested, such
as subperiosteal detachment of the vastus lateralis
insertion, lateral retinacular release, and excision
of the fragment®. 16 individuals with symptomatic
bipartite patella had their surgical excision outcomes
assessed by Bourne and Bianco. Thirteen individuals
experienced remarkable outcomes and resumed their
prior levels of activity®.

In a study by Ogata, 13 patients (15 knees) underwent
subperiosteal removal of the vastus lateralis. The
accessory piece was extracted after separation in five
individuals due to excessive mobility at the chondro-
osseous junction. The piece in the remaining was
left in place following the procedure. Two patients
achieved fair outcomes overall, whereas eleven patients
(affecting 13 knees) experienced excellent results. After
surgery, all patients experienced immediate pain relief
and were able to resume their full physical activities
two to six months later®.

Bipartite patella can often be confused with
patellar fractures. The generic classification of
patellar fractures based on the fracture pattern is
transverse fracture of the mid patella (most common),
comminuted fracture, vertical fracture (least common),
osteochondral defect usually from the medial facet
and patellar sleeve fracture in children? as shown in
Figure 5. The treatment modalities are non-operative
or operative, depending on the severity of the fracture.

Non-operative: Degree of fracture displacement and
integrity or dysfunction of knee’s extensor mechanism
dictates the course of treatment. Non-operative
therapy could be appropriate for individuals with
an intact extensor mechanism and a nondisplaced
or mildly displaced fracture. For four to six weeks, a
Zimmer knee splint is often required. During this time,
the patient is often permitted to bear weight while
wearing a splint?’.

Operative: Surgery is necessary for around one-
third of patellar fractures; the most prevalent reasons
are joint incongruity and a fracture gap larger than
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TRANSVERSE COMMINUTED

VERTICAL

Figure 5. Patellar Fractures.

3 mm. Early mobilisation and the restoration of the
patient’s anatomy are the objectives of fracture
fixing. Following fracture fixation of patella, union
usually occurs within 8-12 weeks. Tension band wire,
cannulated screws & locking plates are required to fix
the fracture fragments?.

Biomechanics & Stability, improving the quadriceps
muscle group’s mechanical efficiency and regulating
joint response forces during movement, the patella
plays a crucial part in knee biomechanics. As a
sesamoid bone in the extensor mechanism, it amplifies
the force of extension, especially between 30° and 60°
of knee flexion, by increasing the moment arm of the
quadriceps tendon. A well-coordinated system of both
static and dynamic stabilisers keeps the patella stable.
While ligaments such as medial patellofemoral ligament
(MPFL) and medial patellotibial ligament (MPTL) resist
lateral displacement, particularly in the initial 0-30°
range, the bony architecture of the trochlear groove
offers major constraint beyond early flexion. The
quadriceps, particularly the vastus medialis obliquus
(VMO), which opposes lateral tracking forces, control
dynamic stability. Patellar instability can result
from disruption in any of these elements, whether
from trochlear dysplasia, ligamentous damage, or
neuromuscular imbalance. This can exacerbate
disorders like chondromalacia or patellofemoral pain
syndrome. Accurate diagnosis, rehabilitation, and
surgery planning in patellar diseases depends on an
understanding of these biomechanical concepts??3°-3,

Several imaging modalities are used to assess
disorders of patella and patellofemoral joint, with
radiography being the primary technique due to its
accessibility and diagnostic value.

1. Radiography (X-ray)- The first-line method
for assessing patellar alignment and fractures is
radiography (X-ray). It is widely available and cost-
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effective. However, non-displaced or stress fractures
may be missed with limited soft tissue details. Views
include:

Anteroposterior (AP): A broad summary of the
patellar orientation'.

Lateral: Evaluates
patellar height®2.

Merchant (Axial): evaluates the articular surfaces
and patellofemoral congruence'®,

2. Computed Tomography (CT) - Superior for
evaluating complex fractures, comminution, and
articular surface involvement. It provides High-
resolution bone detail and is useful for preoperative
planning. However, the limitations are that, higher
radiation dose is less sensitive for soft tissue
pathology**%.

3. Magnetic Resonance Imaging (MRI) - Ideal for
soft tissue evaluation and detecting occult fractures.
It is also useful in detecting bone marrow oedema,
cartilage defects, and tendinopathies. It is Costly and
contraindicated in patients with metal implants®¢7.

4. Ultrasonography - Portability, affordability, great
spatial resolution, dynamic imaging, and the capacity
to direct percutaneous procedures when necessary
are some advantages of US. Direct patient contact
is another benefit of US, which makes it possible to
compare with the contralateral knee and establish an
instant clinical connection®.

5. Bone Scintigraphy - Using an intravenous
injection of technetium 99m (Tc99m) radiotracer,
bone scintigraphy is a flexible diagnostic technique.
In regions with elevated osteoblastic activity, this
substance localizes to bone, eventually showing up on
the scan as a thick, darkish region®.

Separating bipartite patella from patellar fractures is
a crucial part of clinical examination. A bipartite patella
appears on radiographs with well-defined rounded
edges at the non-union site, while a fracture usually
shows uneven, sharp fracture lines and sometimes
accompanied displacement®*°. A precise diagnosis is
important to direct the right course of treatment and
prevent needless procedures. The aim of the current
article is to review articles on bipartite/ multipartite
patella while excluding patellar fractures.

fracture displacement and

Material and Method

This study presents a comprehensive review of
the literature on bipartite and tripartite patella from
the year 2000 - 2025. The literature was collected
using multiple scientific databases and electronic
search engines, including PubMed, Google Scholar,
Web of Science, Elsevier, Radiopedia. Relevant
articles were identified through a systematic search
strategy employing Boolean operators (AND, OR)
in combination with key terms such as bipartite,
tripartite, multipartite, sesamoid bone and patella
ossification or management.
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Each selected publication was critically appraised
to assess the methodologies described, with emphasis
on the objectives of this study. Literature related to
bipartite, tripartite patella was included however,
patellar fracture were excluded as shown in Figure 6.

Result

The superolateral pole, or Saupe type III, is the
most often seen form of bipartite patella in imaging
modalities such as radiography, MRI, USG, and CT,
according to a study of 28 publications that included
both case reports and retrospective analysis as shown
in Table 1. The majority of Saupe type III patients were

Table 1. Shows previous literature on bipartite & tripartite patella.
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asymptomatic, while symptomatic presentations were
also observed. The majority of case studies featured
symptomatic people who had bilateral or multipartite
involvement and usually presented with anterior knee
discomfort.

Discussion

Bipartite patella, a developmental variant resulting
from incomplete fusion of ossification centres during
adolescence, remains a frequently under-recognised
anatomical anomaly, with a reported prevalence of
1% to 2% in the general population®. The current
review supports previous findings that Saupe type III,

S.No Author(s) Year | Modality Sample Size Findings
. Bipartite patella - 7
Al _ .
1 Blankstein et al.’ | 2001 | USG 14 (12-15 yrs; 5M, 2F) Superolateral Saupe type Il
2 Canizares GH* 2003 | Case Report | 32 males B/L bipartite patella, Symptomatic
Superolateral Saupe type Il
50 (38M, 12F) 50 bipartite patella
3 .M. Omar 8:3M' 2004 | MRI Retrospective 400 | 3 bipartite patella out of 400
Schweitzer -
Knee Mri data MRI
Eoin C. Kavanagh 53 (40M, 13F; 13-68 .
4 ot al* 2007 | MRI yrs) Saupe type Il Symptomatic
Saupe type Il - &4
Saupe type Il - 31
Yoshikazu Bone Saupe type Il &1l -2 symptomatic-15,
> Oohashi et al.*® 2007 scintigraphy 37 Right knee - 13 asymptomatic-22
’ Left knee - 10
Bilateral - 7
Tripartite patella - 2
bipartite patellae - 131 . .
Superolateral bipartite - 115 bipartite patel.lae
46 symptomatic and
Yoshikazu . Lateral type - 16 85 asymptomatic
6 - » 2010 | MRI 111 patients Tripartite patella - 8 LY )
Oohashi et al. . Tripartite patella - 4
Right knee - 43 symptomatic and 4
Left knee - 40 aﬁ rrF: tomatic
Bilateral bipartite patellae - 28 | Y P
Saupe type Il patella - 24
. Saupe type | -1 .
46
7 ). O'Brien et al. 2011 | MRI 25 (8F, 17M) Bilateral bipartite patella - 14 Asymptomatic
Superolateral bipartite - 9
8 Ozkan Kose et al.” | 2015 | Radiograph | 897 (retrospective) | Lateral type -1 Symptomatic - 2
Tripartite patella - 1
Sebastian . Bilateral bipartite patella, .
9 Zabierek® 2016 | Radiograph | Case report, 35F superomedial pole Symptomatic
10 Fakhry !\‘gahmoud 2016 | MRI Case report, 18M Right bipartite patella, Saupe Symptomatic
Ebouda type ll;
18 bipartite patella (12M,6F)
Saupe type Il Patients, undergone
1 ifg"a Duranet | 5016 | MRI 1000 Right knee - 10 knee MRI for any
) Left knee - 6 indication
Bilateral knees - 2
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12 zeynep l\;\aras 2016 | MRI Case report, 29M B/L multipartite patella; Symptomatic
Ozdemir
Superolateral - 8, Lateral - 5, Knee pain & joint
Ali Yeganeh et Radiograph, Inferomedial - 7; .
B 20171 1 MR 20 Right knee - 11 ﬂg{?oerﬁ% Isegreased
Left knee - 5 §
14 Jﬂ'?g"”a” Ma et 2017 | Radiograph | Case report, 55M Left bipartite patella, Saupe Il | Symptomatic
15 A. Lagdid et al.>* 2018 Eidlograph, Case report, 32M Bilateral multipartite patella Symptomatic
Pir Abdul Ahad . Bilateral bipartite patella, .
16 Aziz Qureshi® 2018 | Radiograph | Case report, 45F saupe type Il; Symptomatic
Saupe type Il - 59 .
_ Symptomatic - 10
17 Z‘l‘?ﬁa Akdag et 2019 | MRI 61 (44M, 17F) Saupe type Il -2 Asymptomatic - 51
18 Henry Knipe® 2020 | Radiograph | Case report, 16M ﬁ:ght bipartite patella, Saupe Symptomatic
19 xﬁ(:ae?;';?d Taghi 2021 | Radiograph | Case report, 25M Left bipartite patella, Saupe Il | Symptomatic
7 bipartite patella
Saupe type | -2
20 |losephAdetola 1,00 | podiograph | 377 (158M, 219F) Saupe type Il - 2
Adedigba et al.
Saupe type lll - 3
Multipartite patella - 1
21 Gni Liew®® 2022 | Radiograph | Case report, 35M ﬁ'ght bipartite patella, Saupe Symptomatic
22 Mostafa Elfeky> 2022 USG.’ Case report, 30F Right bipartite patella, Saupe Symptomatic
Radiograph 11;
Janani . . . . .
23 Gopalakrishnan® 2023 | Radiograph | Case report, 28M B/L bipartite patella, Saupe Ill; | Symptomatic
24 Mphammad Taghi 2024 | Radiograph | Case report, 20M Right bipartite patella, Saupe Symptomatic
Niknejad® 1
Dafnee Nohemi
25 Hernandez 2024 | Radiograph | Case report, 50M B/L bipartite patella, Saupe Il | Symptomatic
Esturban®?
26 Lam Van Le® 2025 | Radiograph | Case report, 55M B/L bipartite patella, Saupe Il | Symptomatic
Fall and fracture of
27 V. an Kiran et 2025 | Radiograph | Case report, 50M Left knee type Il bipartite the right knge
al. patella asymptomatic before
the traumatic event
V. Ravi Kiran et Tripartite patella
28 a'l o 2025 | Radiograph | Case report, 50M Right knee - Saupe type Il Asymptomatic
’ Left knee - Saupe type llI

involving the superolateral pole, is the most commonly
observed variant, accounting for up to 75%-80% of
documented cases®?! 4456,

A significant male predominance (up to 9:1) and
bilateral occurrence in up to 43% of cases have been
widely reported?® emphasising the potential influence of
hormonal and mechanical stress during development?.
While most bipartite patellae are asymptomatic and
incidentally discovered on imaging, trauma, sports-
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related stress, or repetitive knee movement can trigger
pain, particularly when the synchondrosis becomes
irritated*+>6.,

Clinically, it is critical to distinguish between
patellar fractures and symptomatic bipartite patella.
In contrast to the uneven, sharp edges of acute
fractures, radiographs usually show bipartite pieces
with smooth, corticated borders®?. MRI offers better
resolution for assessing soft tissue disease, oedema,
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and chondral rupture when ambiguity remains®4344,

Not all of the examined studies showed a consistent
correlation between Saupe type and clinical
presentation. The development of symptoms seems to
be more influenced by activity level and recent trauma
history than by fragment shape alone, even though
Saupe type III predominated among both symptomatic
and asymptomatic individuals®?*°¢. For example, out
of 131 bipartite patellae, Oohashi et al.** found 46
symptomatic and 85 asymptomatic instances, many of
which had comparable anatomical distributions.

The age range of symptomatic persons is wide,
ranging from teens °# to patients in their 50s %62,
Although instances of multipartite patella are less
frequent, but showed symptoms that could have
been caused by mechanical disadvantage or joint
stiffness*6:557,

When making a diagnosis, the imaging modality
selection is crucial. Although MRI provides improved
soft tissue detail and aids in identifying related
symptoms such bone marrow oedema or chondral
damage, radiography is still the first-line method*.
According to Blankstein et al., musculoskeletal
ultrasonographyis currently neglected despite offering
a radiation-free substitute in younger populations*.

The majority of management is still conservative,
even with the wealth of literature. While symptomatic
instances frequently react effectively to rest, NSAIDs,

References

1. McMahon SE, LeRoux JA, Smith TO, Hing CB. The management of the
painful bipartite patella: a systematic review. Knee Surgery, Sports
Traumatology, Arthroscopy. 2016 Sep;24:2798-805.

2. Yeung, A. Y. (2023, April &). Anatomy, sesamoid bones. StatPearls
- NCBI Bookshelf. https://www.ncbi.nlm.nih.gov/books/NBK578171/
3. Coughlin M). Sesamoid and accessory bones of the foot. In: Surgery
of the foot and ankle. 8th edition. Elsevier, Amsterdam, 2007;438-94.
4. Kruse RW, Chen ] (1995) Accessory ossicles of the foot: clinical
significance. Mil Med 160:464-467

5. Lawson JP (1994) International skeletal society lecture in honor of
Howard D. Dorfman. Clinically significant radiologic anatomic variants
of the skeleton. Am | Roentgenol 163:249-255

6. Mellado JM, Ramos A, Salvadd E, Camins A, Dands M, Sauri A
(2003) Accessory ossicles and sesamoid bones of the ankle and foot:
imaging findings, clinical significance and differential diagnosis. Eur
Radiol 13:1164-1177

7. Coskun N, Yuksel M, Cevener M, et al. Incidence of accessory ossicles
and sesamoid bones in the feet: a radiographic study of the Turkish
subjects. Surg Radiol Anat. 2009;31:19 24.

8. Bizarro AH. On sesamoid and supernumerary bones of the limbs.
Journal of Anatomy. 1921 Jul;55(Pt 4):256.

9. Knipe H, Walizai T, Campos A, et al. Sesamoid. Reference article,
Radiopaedia.org (Accessed on 28 May 2025) https://doi.org/10.53347/
riD-22242

10. Fulkerson JP, Buuck DA. Disorders of the Patellofemoral Joint. 4th
ed. Baltimore: Lippincott Williams & Wilkins; 2004

11. Reider B, Marshall JL, Koslin B, Ring B, Girgis FG. The anterior
aspect of the knee joint. JBJS. 1981 Mar 1;63(3):351-6. PMID: 7204430
12. Eckstein F, Glaser C. Measuring cartilage morphology with
quantitative magnetic resonance imaging. Semin Musculoskelet
Radiol 2004; 8 (4) 329-353 DOI: 10.1055/s-2004-861579

Sharma B, Sharma R, Khorwal G

physical therapy, or local treatments, asymptomatic
patients typically don't need any treatment at all.
Surgery is uncommon and usually saved for individuals
with fragment instability or unresolved, incapacitating
conditions®!,

Conclusion

Incomplete fusing of secondary ossification centres
causes bipartite and tripartite patella, which are
developmental abnormalities that most commonly
affect the superolateral pole (Saupe type III). Despite
having a low incidence (1-2% of the population), they
are frequently discovered by accident and, in most
cases, do not exhibit any symptoms. Anterior knee
discomfort and functional limitations are often the
result of symptomatic presentations linked to trauma,
repeated stress, or overuse. Radiography is the first-
line imaging modality, while MRI offers useful soft
tissue assessment. Accurate distinction from acute
patellar fractures is crucial to prevent needless
procedures. Surgery is only used in severe or chronic
cases of fragment instability, while conservative
therapy continues to be the mainstay of care. Further
research on the natural history, biomechanical
consequences, and best practices for managing
bipartite and multipartite patella may be possible
with bigger cohorts and more sophisticated imaging
techniques.

13. Feller JA, Feagin Jr JA, Garrett Jr WE. The medial patellofemoral
ligament revisited: an anatomical study. Knee Surg Sports Traumatol
Arthrosc 1993; 1 (3-4) 184-186

14. Ahmad CS, Stein BE, Matuz D, Henry JH. Immediate surgical repair
of the medial patellar stabilizers for acute patellar dislocation. A
review of eight cases. Am J Sports Med 2000; 28 (6) 804-810

15. Desio SM, Burks RT, Bachus KN. Soft tissue restraints to lateral
patellar translation in the human knee. Am J Sports Med 1998; 26 (1)
59-65

16. Larsen E, Lauridsen F. Conservative treatment of patellar
dislocations. Influence of evident factors on the tendency to
redislocation and the therapeutic result. Clin Orthop Relat Res 1982;
(171) 131-136.PMID: 7140059

17. Beasley LS, Vidal AF. Traumatic patellar dislocation in children
and adolescents: treatment update and literature review. Curr Opin
Pediatr 2004; 16 (1) 29-36

18. Hill, M.A. (2025, September 11) Embryology Paper - The development
of the patella. Retrieved from https://embryology.med.unsw.edu.au/
embryology/index.php/Paper_-_The_development_of_the_patella
19. Radswiki T, Gaillard F, Elfeky M, Knipe H, et al. Bipartite patella.
Reference article, Radiopaedia.org (Accessed on 31 May 2025).

20. Niknejad M, Bipartite patella - type Ill. Case study, Radiopaedia.
org (Accessed on 31 May 2025) https://doi.org/10.53347/rID-190604
21. Kajetanek C, Thaunat M, Guimaraes T, Carnesecchi O, Daggett M,
Sonnery-Cottet B. Arthroscopic Treatment of Painful Sinding-Larsen-
Johansson Syndrome in a Professional Handball Player. Orthopaedics
& Traumatology: Surgery & Research. 2016;102(5):677-80. doi:10.1016/].
0tsr.2016.05.011 - Pubmed

22. 0ohashi Y, Koshino T, Oohashi V. Clinical features and classification
of bipartite or tripartite patella. Knee Surgery, Sports Traumatology,
Arthroscopy. 2010 Nov;18:1465-9. DOI 10.1007/s00167-010-1047-y

107

Journal of Morphological Sciences Vol. 43/2026



Sharma B, Sharma R, Khorwal G

23. Atesok K, Doral MN, Lowe J, Finsterbush A. Symptomatic bipartite
patella: treatment alternatives. ] Am Acad Orthop Surg. 2008
Aug;16(8):455-61. doi: 10.5435/00124635-200808000-00004. PMID:
18664634.

24. MaryaKM, YadavV, DevaganA, Kun du ZS: Painful bilateral bipartite
pa tella: Case report. Indian ) Med Sci 2003;57:66-67.

25. Bourne MH, Bianco AJ). Bipartite patella in the adolescent: Results
of surgical excision. ) Pediatr Orthop 1990; 10:69-73.

26. Ogata K: Painful bipartite patella: A new approach to operative
treatment. ) Bone Joint Surg Am 1994; 76:573 578.

27. Mous A, Machang’a K, Liew G, et al. Patellar fracture. Reference
article, Radiopaedia.org (Accessed on 21 Aug 2025) https://doi.
0rg/10.53347/rID-1357

28. Baid M, Narula S, Manara JR, Blakeney W. Evolution in the
management of patella fractures. Journal of Clinical Medicine. 2024
Feb 29;13(5):1426.

29. Migliorini F, Eschweiler J, Spiezia F, Knobe M, Hildebrand F, Maffulli
N. Synthetic graft for medial patellofemoral ligament reconstruction:
A systematic review. Journal of Orthopaedics and Traumatology. 2022
Dec;23(1):41.

30. Aicale R, Maffulli N. Combined medial patellofemoral and
medial patellotibial reconstruction for patellar instability: a PRISMA
systematic review. Journal of Orthopaedic Surgery and Research.
2020 Nov 12;15(1):529.

31. Halloran JP, Esquivel AO, Cracchiolo AM, Chen C, Lemos SE. The
Role of the MPFL and MPTL in Patellar Stability-A Biomechanical
Study. Archives of Orthopaedics. 2020 Jul 3;1(2):49-54.

32. Pavlov H, Giesa M. ORTHOPAEDIST'S GUIDE TO PLAIN
FILM IMAGING. The Journal of Musculoskeletal Medicine.
1999 Jun 1;16(6):335. link.gale.com/apps/doc/A55734140/
HRCA?u=anon~2f66f266&sid=googleScholar&xid=c30cb1cf.

33. Merchant AC, Mercer RL, Jacobsen RH, Cool CR. Roentgenographic
analysis of patellofemoral congruence. ) Bone Joint Surg Am 1974; 56
(7) 1391-1396

34. Schutzer SF, Ramsby GR, Fulkerson JP. The evaluation of
patellofemoral pain using computerized tomography. A preliminary
study. Clin Orthop Relat Res 1986; (204) 286-293

35. Alemparte J, Ekdahl M, Burnier L, et al. Patellofemoral evaluation
with radiographs and computed tomography scans in 60 knees of
asymptomatic subjects. Arthroscopy 2007; 23 (2) 170-177

36. Gold GE, Chen CA, Koo S, Hargreaves BA, Bangerter NK. Recent
advances in MRI of articular cartilage. AJR Am ] Roentgenol 2009; 193
(3) 628-638

37. Link TM, Stahl R, Woertler K. Cartilage imaging: motivation,
techniques, current and future significance. Eur Radiol 2007; 17 (5)
1135-1146

38. Alves TI, Girish G, Kalume Brigido M, Jacobson JA. US of the
knee: scanning techniques, pitfalls, and pathologic conditions.
Radiographics. 2016 Oct;36(6):1759-75.https://doi.org/10.1148/
rg.2016160019

39. Adams, C., & Banks, K. P. (2023). Bone scan. [Updated 2023 Aug 14].
In StatPearls [Internet]. StatPearls Publishing. Available from https://
www.ncbi.nlm.nih.gov/books/NBK531486/

40. Gaillard F, Elfeky M, Knipe H, et al. Patellar sleeve fracture.
Reference article, Radiopaedia.org (Accessed on 29 May 2025) https://
doi.org/10.53347/rID-7513

41. Blankstein A, Cohen 1, Salai M, Diamant L, Chechick A, Ganel A.
Ultrasonography: an imaging modality enabling the diagnosis of
bipartite patella. Knee Surgery, Sports Traumatology, Arthroscopy.
2001 Jul;9(4):221-4.

42. Canizares GH, Selesnick FH. Bipartite patella fracture. Arthroscopy:
The Journal of Arthroscopic & Related Surgery. 2003 Feb 1;19(2):215-7.
d0i:10.1053/jars.2003.50055

43.0marIM, Schweitzer M. Bipartite patella: MR imaging characteristics
and frequency. InProc Intl Soc Mag Reson Med 2004 (Vol. 11, p. 804).

Mini Curriculum and Author’s Contribution

Study for Localization of Mandibular Foramen in North West Indian Population

44, Kavanagh EC, Zoga A, Omar |, Ford S, Schweitzer M, Eustace S. MRI
findings in bipartite patella. Skeletal radiology. 2007 Mar;36:209-14.
45. Oohashi Y, Koshino T. Bone scintigraphy in patients with bipartite
patella. Knee Surgery, Sports Traumatology, Arthroscopy. 2007
Nov;15:1395-9. DOI 10.1007/500167-007-0311-2

46. O'Brien J, Murphy C, Halpenny D, McNeill G, Torreggiani WC.
Magnetic resonance imaging features of asymptomatic bipartite
patella. European Journal of Radiology. 2011 Jun 1;78(3):425-9.
d0i:10.1016/j.ejrad.2009.11.001

47. Kose O, Eraslan A, Ergun A, Egerci OF, Ercan EC. Prevalence of
bipartite patella in Turkish population: analysis of bilateral knee
radiographs in 897 subjects. Int J Morphol. 2015 Sep 1;33(3):1108-3.
48. Zabierek S, Zabierek J, Kwapisz A, Domzalski ME. Bipartite patella
in 35-year-old fitness instructor: a case report. International Journal
of Sports Physical Therapy. 2016 Oct;11(5):777.

49. Ebouda F, Bipartite patella. Case study, Radiopaedia.org (Accessed
on 31 May 2025) https://doi.org/10.53347/rID-47229

50. Duran S, Giinaydin E, Hatipoglu HG, Sakman B. Bipartite patella:
magnetic resonance imaging. Meandros Medical And Dental Journal.
2016 Apr 1;17(1):22-6.

51. Ozdemir ZM, Gormeli CA, Kahraman AS, Demirtas G, Gormeli G.
Unusual Symptomatic Multipartite Patella Associated with Quadriceps
Fat Pad Edema. ) Belg Soc Radiol. 2016 Mar 15;100(1):49. doi: 10.5334/
jbr-btr.945. PMID: 30151457; PMCID: PMC6102945.

52. Yeganeh A, Moghtadaei M, Lotfi F. Clinical, morphologic, and
demographic characteristics of bipartite patella in patients referred
to Iranian academic clinics. Comparative Clinical Pathology. 2018
Mar;27(2):471-5.

53. Ma J, Shi F, Huang C, Gu S. Forensic identification of bipartite
patella misdiagnosed as patella fracture. Journal of forensic sciences.
2017 Jul;62(4):1089-91.

54. LAGDID A, Boufettal M, Bassir RA, KHARMAZ M, et al. American
Journal of Medical Case Reports. 2018, 6(6), 114-116. DOI: 1012691/
ajmcr-6-6-4

55. Qureshi P, Bipartite patella. Case study, Radiopaedia.org (Accessed
on 31 May 2025) https://doi.org/10.53347/rID-60701

56. Akdag T, Guldogan E, Coskun H, Turan A, Hekimoglu B. Magnetic
resonance imaging for diagnosis of bipartite patella: usefulness and
relationship with symptoms. Polish Journal of Radiology. 2019 Nov
28;84:491-7.

57. Adedigba JA, Idowu BM, Hermans SP, Okwori OF, Onigbinde SO,
Oluwadiya KS, Amoako AA, Weidenhaft MC. Fabella and patella
variants: radiographic prevalence, distribution and clinical relevance
in a population of black african descent. Anatomy & Cell Biology. 2021
Jun 30;54(2):184-92. https://doi.org/10.5115/acb.20.217

58. Liew G, Bipartite patella. Case study, Radiopaedia.org (Accessed
on 31 May 2025) https://doi.org/10.53347/rID-149564

59. Elfeky M, Bipartite patella. Case study, Radiopaedia.org (Accessed
on 31 May 2025) https://doi.org/10.53347/rID-147995

60. Gopalakrishnan J, Anbarasan V, Ayyadurai P, Sivaraman A. Bipartite
Patella in an Elite Football Player-A Rare Cause of Anterior Knee Pain.
Journal of Orthopaedic Case Reports. 2023 May;13(5):68.

61. Niknejad M, Bipartite patella. Case study, Radiopaedia.org
(Accessed on 31 May 2025) https://doi.org/10.53347/rID-87825

62. Hernandez Esturban D, Bilateral bipartite patella. Case study,
Radiopaedia.org (Accessed on 31 May 2025) https://doi.org/10.53347/
riD-192158

63. Le L, Bipartite patella. Case study, Radiopaedia.org (Accessed on
31 May 2025) https://doi.org/10.53347/rID-211588

64. Kiran VR, Jayant UK, Krishna MLVS, Rawat SS. Tripartite Patella:
A Rare Case Report. ] Orthop Case Rep. 2025 Apr;15(4):80-83. doi:
10.13107/jocr.2025.v15.i04.5452. PMID: 40212476; PMCID: PMC11981522.
65. Kiran VR, Jayant UK, Krishna MS, Rawat SS. Tripartite Patella: A Rare
Case Report. Journal of Orthopaedic Case Reports. 2025 Apr;15(4):80.
doi: 10.13107/jocr.2025.v15.i04.5452

1. Bhamini Sharma - MSc. Contribution: Preparation and draft of manuscript, data acquisition. ORCID: 0009-0005-

4304-928X

108

Journal of Morphological Sciences Vol. 43/2026



Study for Localization of Mandibular Foramen in North West Indian Population Sharma B, Sharma R, Khorwal G

2. Rahul Sharma - MSc. Contribution: Preparation and draft of manuscript. ORCID: 0000-0002-6854-750X

3. Gitanjali Khorwal - MD. Contribution: Guiding professor, critical review and final approval. ORCID: 0000-0002-1541-
1764

Received: March 30, 2026 Corresponding author
Accepted: July 20, 2026 Gitanjali Khorwal
E-mail: gitanjalikhorwal@gmail.com

Journal of Morphological Sciences Vol. 43/2026 109



