
Superior Pole Sleeve Fracture of the Patella

A Case Report and Review of the Literature

F. Keith Gettys,*y MD, Robert J. Morgan,z MD, and James E. Fleischli,§ MD
From the yDepartment of Orthopaedic Surgery, Carolinas Medical Center, Charlotte,
North Carolina, zResurgens Orthopaedics, Atlanta, Georgia, and §OrthoCarolina Sports
Medicine Center, Charlotte, North Carolina

Keywords: patella; sleeve fracture; upper pole; children

Patellar fractures in children are uncommon and represent
1% of all pediatric fractures.1,14,19,20 Of all patellar frac-
tures, less than 2% occur in skeletally immature patients,
and over half of these are sleeve fractures.14 Most reported
cases of sleeve fractures involve the inferior patellar pole.
There is a particularly high male predominance of this
injury, with a ratio of 5:1.18 The sleeve fracture was first
described in 1979 by Houghton and Ackroyd13 as an avul-
sion of a small subchondral osseous fragment from the dis-
tal pole of the patella together with an extensive sleeve of
cartilage and retinaculum pulled from the main body of the
patella.1,9,13 To our knowledge, there have been 13 cases
reported in the literature of sleeve fractures involving
the superior pole of the patella. In reviewing the literature,
there is a lack of information pertaining to long-term
results. The present case report is of a superior pole sleeve
avulsion fracture in an otherwise normal athletic boy, trea-
ted operatively and seen back for a 3-year follow-up. The
patient and his family were informed that data concerning
the case would be submitted for publication, and the study
was approved by our institutional review board.

CASE REPORT

A 10-year-old boy was referred by his pediatrician the day
after he slipped while jumping off a diving board and sus-
tained a severe eccentric load to his right knee. He
described feeling a ‘‘pop’’ and had immediate pain and
swelling to his knee. He was unable to bear weight on
his right lower extremity.

On examination, a moderate joint effusion was present.
The patient had tenderness to palpation at the superior

pole of the patella, with a palpable defect of the quadriceps
tendon. He was unable to actively extend his knee or per-
form a straight-leg raise. Any attempts to do so resulted
in severe pain. The knee was stable ligamentously with
negative Lachman, pivot-shift, and posterior drawer test
results. No instability was present with varus or valgus
stress with the knee at 0� and 30� of flexion. The leg was
neurovascularly intact.

Plain radiographs of the knee (Figure 1) revealed a peri-
osteal sleeve avulsion injury to the superior pole of the
patella. Additionally, some soft tissue swelling was pres-
ent. Magnetic resonance imaging (MRI) confirmed
an avulsion fracture of the superior aspect of the patella
(Figure 2).

Figure 1. Lateral knee injury radiograph. Arrow points to
periosteal sleeve fragment.
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Four days later, under general anesthesia, the patient
underwent open reduction and internal fixation of the
patellar fracture through an anterior approach with
repair of the quadriceps tendon avulsion. At surgery,
a large superior cartilaginous fragment with minimal
peripheral ossification was noted attached to the quadri-
ceps tendon. A significant portion of the articular surface
was attached to this fragment. Another lateral fracture
fragment was noted with a significant amount of the
articular surface attached (Figure 3). The remainder of
the patella was intact. Two No. 2 FiberWire sutures
(Arthrex, Naples, Florida) were placed in the quadriceps
tendon from proximal to distal using a modified Bunnell
stitch. The sutures were passed through the superior car-
tilaginous fragment using a cutting needle. Bone tunnels
were made at a corresponding location on the inferior
patella fragment, and the sutures were passed. With the
knee in extension, the sutures were tied over a bony
bridge at the inferior aspect of the patella. The lateral
fracture fragment was reduced, and two 2.7-mm screws
were used to secure this fragment to the intact inferior
aspect of the patella (Figure 4).

The patient was immobilized with a playmaker knee
brace (DonJoy, Vista, California) locked in extension for
4 weeks. Physical therapy began at 4 weeks postopera-
tively. At 8 weeks postoperatively, plain radiographs
showed healing of the patellar fracture (Figure 5). The
patient had regained full knee range of motion, while
quadriceps atrophy remained. At his 4- and 6-month fol-
low-up visits, full, painless knee range of motion was
again present with full quadriceps strength. He started

resuming all his previous activities without any com-
plaints or symptoms.

At 3 years postoperatively, the patient was seen back for
evaluation before starting basketball camp. He reported

Figure 2. Sagittal T2-weighted magnetic resonance image.
Arrow points to superior avulsed cartilage attached to perios-
teal sleeve.

Figure 3. Intraoperative photograph. Wide line is pointing to
superior fragment. Narrow line points to lateral fragment. For-
ceps are on inferior fragment.

Figure 4. Intraoperative photograph after fixation of superior
and lateral fragments to inferior pole of patella.
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occasional anterior knee pain after certain activities that
required prolonged running and jumping. At the time of
examination, he denied any symptoms or activity limita-
tions. On physical examination, the patient had full knee
range of motion (0�-135�), normal patellar tracking, nega-
tive patellar grind, normal medial and lateral patellar
mobility, symmetrical circumference of his thighs, and
symmetrical quadriceps strength. Radiographs revealed
intact hardware, and the fracture was healed (Figure 6).
The patient was again encouraged to perform all activities
without any restrictions.

DISCUSSION

Patellar fractures are uncommon in the pediatric popula-
tion, and when they do occur, a sleeve avulsion is typically
observed in skeletally immature patients.6 A sleeve frac-
ture of the patella is a traumatic avulsion of the lower or

upper pole, in which a small osseous fragment gets pulled
off along with a sleeve of periosteum and cartilage of the
patella.13,22 The majority of these sleeve avulsions involve
the inferior pole of the patella. It is believed that an indirect
injury to a flexed knee is the most common mechanism in
sleeve fractures of the inferior pole.13,14 To our knowledge,
only 7 articles in the literature have reported specific cases
of superior pole sleeve fractures. The clinical data from the
previous reported cases are summarized in Table 1. In the
majority of the cases, the forceful quadriceps contraction on
a flexed knee, as in our case, was the mechanism of injury;
the others involved direct trauma.5,11,12,19

Bishay5 reports a case of a 9-year-old girl sustaining
a superior pole sleeve fracture of the patella during
a squash match. As in our case, a large chondral fragment
was discovered and reduced during surgery with fixation
consisting of a figure-of-8 suture technique. The knee
was immobilized for 5 weeks, and then physical therapy
was initiated. The patient regained full range of motion
by 8 weeks after surgery.

Kumar and Knight17 describe a superior pole fracture in
a 14-year-old girl. The patient had been immobilized in
a cylinder cast for 1 month because of a self-reducing patel-
lar dislocation. Two days after the cast was removed, she
tripped while going downstairs and sustained a superior
pole avulsion patellar fracture. They described a thin rim
of bone from the superior pole of the patella avulsed by
the quadriceps tendon. Unlike this case and Bishay’s,5 no
chondral fragment or damage to the articular cartilage
was identified on visual inspection. The patient’s age sug-
gests that the patellar ossification was complete and
explains why a cartilaginous fragment was not present.
At surgery, the bony fragment and the quadriceps tendon
were reduced onto the patella. They were fixed using Ethi-
bond (Ethicon, Somerville, New Jersey) sutures through
the quadriceps tendon and attached to bone anchors in

Figure 5. Anteroposterior (A) and lateral (B) radiographs at 8
weeks after surgery.

Figure 6. Lateral radiograph at 3-year follow-up.
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the patella.17 The knee was immobilized in a cylinder cast
for 6 weeks, and the patient regained full range of motion
with normal quadriceps strength at 4 months
postoperatively.

Khanna and El-Khoury16 presented a superior pole
avulsion fracture in a 12-year-old boy after a sledding acci-
dent that was diagnosed 10 days after the original presen-
tation. The patient returned for suture removal and was
found to have loss of strength in the quadriceps and inabil-
ity to extend his leg. Radiographic imaging was performed,
including MRI that revealed an osteochondral fragment
avulsed from the superior patella, with the avulsion
extending posterior to involve the superior aspect of the
patellar articular cartilage. The patient was treated in
a long-leg cast for 6 weeks. This case emphasizes the diffi-
culty in diagnosing these injuries acutely.

Van Isacker and De Boeck22 reported a case of a healthy
7-year-old girl who presented after a fall with a step. They
reported that the patient had an intra-articular accumula-
tion of fluid, diminished active extension, and full active
flexion of the knee on physical examination. Radiographs
and ultrasound imaging revealed a low position of the
patella and an upper pole sleeve fracture. The patient
was treated operatively, with anatomical reduction of the
fragment and repair of an associated lateral retinaculum
tear. The fragment was fixed with 3 Ethibond (Ethicon)
transosseous sutures. Postoperatively, the patient was
kept in an extension cast for 4 weeks, and then physical
therapy was started with cast removal.22 The authors
stated that at 8 weeks, the patient had full range of motion
of the knee, excellent quadriceps function, and was without
pain.22

In 2008, Maripuri et al19 reported a case of a 14-year-old
boy who sustained a sleeve fracture of the superior pole of

the patella with an intra-articular dislocation after a direct
blow to the suprapatellar area of the knee. Initial radio-
graphs revealed the intra-articular dislocation, but it was
not until the postreduction films that the superior pole
sleeve fracture of the patella was appreciated. An ultra-
sound scan of the knee confirmed the presence of the sleeve
fracture and that the quadriceps tendon was intact.19 The
fracture line was aligned with the superior pole of the
patella, with a fracture gap of 2 mm. The knee was treated
nonoperatively with immobilization in extension for 4
weeks. The patient ultimately regained full range of
motion and normal strength.

In the largest reported series, Grogan et al12 evaluated
47 avulsion fractures of the patella in skeletally immature
patients. Seven patients were identified as having supe-
rior pole avulsion fractures. Five of the 7 patients pre-
sented greater than 4 weeks after injury and had active
extension of the knee against gravity on the initial phys-
ical examination. Fluoroscopy showed no change in frag-
ment position with flexion and extension of the knee.
These patients were treated with cast immobilization,
and the fractures healed without sequela. The other 2
patients underwent open reduction and internal fixation.
One patient described in further detail11 sustained an
intra-articular dislocation of the patella in which the
quadriceps tendon was avulsed from the superior pole of
the patella. The patella lodged under the femoral condyle
with the articular surface directed toward the tibia. After
failed closed reduction, open reduction was performed
with the quadriceps tendon reapproximated and sutured
to the superior pole of the patella with the soft tissue repair.
The other surgical patient was a 12-year-old child with
diplegic cerebral palsy who sustained a superior sleeve frac-
ture after a fall. Fixation was obtained with a tension band

TABLE 1
Summary of Previous Cases From Review of Literaturea

Author(s)

Age, y;

Gender Mechanism Treatment Outcome

Concomitant

Lesion Immobilization

Bishay5 9; F Direct trauma Figure-of-8 sutures Full ROM at 9 wk, good

quadriceps power

None 5 wk

Kaivers et al15 8; M Indirect Transosseous sutures Full ROM at 8 wk None 6 wk

Khanna and

El-Khoury16

12; M N/A Nonoperative, in long-leg cast N/A None 6 wk

Kumar and Knight17 14; F Indirect Ethibond suture in quadriceps

tendon attached to bone

anchors in patella

Full ROM at 16 wk,

normal quadriceps

power

Dislocation of

patella

6 wk

Grogan et al12 12; M Indirect Tension band wiring N/A None N/A

Grogan et al12 and

Donelson and

Tomaiuoli11

12; M Direct Open reduction of patella,

immobilized in long-leg cast

Full ROM at 3 mo Intra-articular

dislocation of

patella

4 wk

Grogan et al12 5 others

(9-15)

N/A Nonoperative, in cast Adequate function and

quadriceps strength

within 3 mo of cessation

of immobilization

N/A 3-8 wk

Maripuri et al19 14; M Direct trauma Nonoperative, knee splint in

extension

Full ROM and quadriceps

strength at 10 wk

Intra-articular

dislocation

4 wk

Van Isacker and

De Boeck22

7; F Indirect Transosseous sutures Full ROM at 8 wk,

excellent quadriceps

function

Lateral

retinaculum

tear

4 wk

aF, female; M, male; N/A, not applicable; ROM, range of motion.
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wire. In both patients, a large cartilaginous fragment was
present.

The peak incidence of sleeve fractures in children is 12.7
years, with a range of 8 to 16 years.20 Ossification of the
patella begins between 3 and 5 years of age and is complete
by the beginning of the second decade.2,16 Adolescents are
most susceptible, which may be related to their rapid
growth with osteochondral transformation at the periph-
ery of the patella and increasing participation in high-
intensity sports.16 Patients typically present with a sudden
onset of severe pain after explosive acceleration during
a sporting activity or a fall. On examination, the knee
may have a joint effusion, focal tenderness to palpation,
a palpable gap superior to the patella, or an extension
lag with straight-leg raise. It should be noted that if the
disruption is minimal or is a delayed presentation, the
child may have learned to lift the leg by internally rotating
the limb, using the tensor fascia lata.14 However, the child
could present with minimal signs on examination.

Plain radiograph findings of this injury can be minimal
and obscure. A small fragment of bone adjacent to the prox-
imal pole of the patella might be the only radiographic
finding in a superior sleeve fracture of the patella.16 The
fracture can be largely cartilaginous; therefore, the diagno-
sis can be missed on initial radiographs and the extent of
the injury underestimated.16 The only findings on initial
imaging may be limited to a joint effusion, soft tissue swell-
ing, and/or patella baja. Kumar and Knight suggested that
the anterior tilt of the patella is a characteristic feature of
sleeve fractures of the superior pole.17,19 This sign was
noted in our patient as well as in some of the previous cases
in the literature.5,17 However, this sign was not present in
another reported case,19 showing that its absence cannot
rule out a fracture. Delayed imaging might reveal an
enlargement of the bony fragment caused by new bone for-
mation by the avulsed periosteum.13

Ultrasound and MRI are additional modalities that can
help diagnose an injury that is usually more extensive
than what is interpreted on radiographs.1 The use of ultra-
sound or MRI is recommended if the diagnosis is still
unclear after examination and plain radiographs. Ultra-
sound is an accessible, rapid, safe, and cost-effective method
for imaging soft tissues, cartilage, and bony interfaces.10

Trikha et al21 documented that ultrasound findings were
well correlated with operative findings. Magnetic resonance
imaging helps to assess the true extent of injury by evaluat-
ing the size of the chondral fragment, integrity of the artic-
ular surface of the patella, the extent of periosteal avulsion,
and the relationship of the fracture fragments.1 The perios-
teum and avulsed cartilage are best seen on T2-weighted
images in the sagittal plane through the quadriceps ten-
don.16 The cartilage of the patella is hypointense to bone
on T2-weighted images even with fat suppression, making
T2-weighted images best for differentiating the cartilagi-
nous sleeve from the hyperintense fracture line.16 Under-
standing the extent of the injury to the articular cartilage
is important for determining the need for surgical fixation.

The 2 treatment options include nonoperative manage-
ment or surgical repair. When considering either treatment
option, it is important to consider that the fracture extends

through tissue that has osteogenic potential. If healing
with callus formation occurs, in cases with displacement,
this may result in enlargement or even duplication of the
patella and subsequent dysfunction of the extensor appara-
tus of the knee.13 Sleeve fractures that are less than 2 mm
displaced may be amenable to closed treatment with cast
immobilization, although the results may be unsatisfac-
tory.7,13,14 A nondisplaced or minimally displaced fracture
may displace secondary to the pull of the quadriceps muscle,
necessitating surgical treatment with anatomical reduction
and stable fixation.22

As in our case, surgical treatment with anatomical
reposition and stable fixation is the other treatment
option. Through a longitudinal midline incision, the supe-
rior pole of the fracture is exposed, paying close attention
to inspect for avulsed articular cartilage not appreciated
on plain radiographs.2 The operative repair requires care-
ful approximation of the patella to prevent persistent
deformity and extensor lag.2 Stability may be achieved
by means of suture fixation or tension band wiring
with either nonabsorbable suture or wire. Transosseous
sutures are simple and efficient.15,22 Additionally, the
use of intraosseous anchors has been described.13,17 Fixa-
tion should be performed carefully to minimize damage to
the delicate nutrient vessels of the patella, which come
from the anterior surface and the distal pole.2,14 The
extensor retinaculum should be repaired.2 These different
techniques have had varying levels of success, but the
most important aspect of each is to achieve a solid ana-
tomical fixation.

The operative complications from the surgical repair of
superior pole sleeve fractures of the patella were not
reported in the previous cases. However, if the fracture is
left unreduced or displaced, it could lead to patella magna,
extensor lag, or atrophy of the quadriceps muscles.2,3,14

Houghton and Ackroyd13 reported complications of avascu-
lar necrosis of the patella and infection after the repair of
inferior sleeve avulsion fractures. Although not currently
reported in the literature for the operative repair of supe-
rior sleeve avulsion fractures, commonly reported compli-
cations involving surgical repair of patellar fractures in
general include loss of fixation, stiffness, nonunion, mal-
union, hardware irritation, and pain.2,3,8,23

Postoperatively, our patient was immobilized in exten-
sion for 4 weeks. After 4 weeks, the patient underwent
physical therapy. The period of immobilization in the liter-
ature ranges between 4 to 6 weeks, after which range of
motion exercises were initiated in all cases but in Kaivers
et al.15 In all cases including ours, full knee motion with
adequate strength was achieved by 8 to 16 weeks. Prompt
diagnosis and straightforward treatment can be expected
to produce an excellent result with full return to all activ-
ities as in our patient’s case. Failure to make the diagnosis
can result in permanent disability and instability, extensor
lag, quadriceps wasting and weakness, patella pain associ-
ated with osteochondral damage, and ossification of the
stretched patellar tendon, giving rise to patella magna or
even duplication of the patella.24

In conclusion, sleeve fractures of the patella can occur
at the superior pole but are typically located at the inferior
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pole of the patella. Because the superior pole consists
mainly of cartilage, initial radiographs may fail to manifest
this injury. One must consider this injury for patients under
16 years old who have sustained an acute knee injury,
typically noncontact, with resulting extensor mechanism
deficits. Awareness of sleeve avulsion fractures in the skel-
etally immature patient is important because missed or
delayed diagnosis of this injury is not uncommon.4
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