Original Research

Operative Treatment of Bipartite Patella
in Pediatric and Adolescent Athletes

A Retrospective Comparison
With a Nonoperatively Treated Cohort

Jennifer Kallini,* MD, Lyle J. Micheli,™$ MD, Patricia E. Miller,* MS, Dennis E. Kramer, ™ MD,
Mininder S. Kocher, ™ MD, MPH, and Benton E. Heyworth, #$! MD

Investigation performed at Boston Children’s Hospital, Boston, Massachusetts, USA

Background: Bipartite patella (BPP) is a developmental anomaly that forms when incomplete patellar ossification leaves a residual
fibrocartilaginous synchondrosis between ossification centers. Repetitive traction forces across the synchondrosis can cause
knee pain, most commonly presenting in adolescence. Symptoms frequently resolve with nonoperative management. Few surgical
case series exist to guide treatment approaches for refractory pain.

Purpose: To investigate the clinical features, surgical techniques, and outcomes associated with operative treatment of symp-
tomatic BPP in pediatric and adolescent athletes and to compare features of the series with a large control group managed
nonoperatively.

Study Design: Cohort study; Level of evidence, 3.

Methods: A retrospective medical record review was conducted of all patients aged <20 years who were diagnosed with symp-
tomatic, radiologically confirmed BPP between 2003 and 2018 at a single tertiary-care pediatric hospital (N = 266). Demographic and
clinical variables were analyzed, and additional radiologic and perioperative variables were collected for the surgical subcohort.

Results: Of the 266 patients included, 27 were treated operatively (10.2%). When compared with those treated nonoperatively
(with rest, physical therapy, cryotherapy, and anti-inflammatory medications), the operatively managed group experienced a longer
duration of symptoms before first presentation (21.5 vs 7.6 months; P < .001) and were more likely to be older (mean age, 15.4 vs
12.4 years; P < .001), female (59.3% vs 35.6%; P = .03), and competitive athletes (100% vs 84.5%; P = .02). In the 27 patients
treated operatively, procedures were categorized as isolated fragment excision (n = 9), fragment excision with lateral release (n =
8), isolated lateral release (n = 5), fragment screw fixation (n = 4), and synchondrosis drilling (n = 1). The mean time between
surgery and return to sports was 2.2 months. Four patients (14.8%) reported residual symptoms requiring secondary surgery,
including lateral release (n = 1), excision of residual fragment (n = 1), and fixation screw removal (n = 2).

Conclusion: BPP can cause knee pain in adolescent athletes and is generally responsive to nonoperative treatment. Patients
undergoing surgical treatment—most commonly female competitive athletes with prolonged symptoms—represented 10% of
cases. A variety of surgical techniques may be effective, with a 15% risk of persistent or recurrent symptoms warranting reop-
eration. Prospective multicenter investigations are needed to identify optimal candidates for earlier interventions and the optimal
operative treatment technique.
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Bipartite patella (BPP) is a developmental anomaly in
which a synchondrosis develops between 2 unfused bony
patellar ossification centers. The incidence of BPP is 2%
to 6% in the general population, with a male-to-female pre-
dominance of 9 to 1.720:2
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Developmentally, the patella initially forms as a large
cartilaginous sesamoid bone with multiple ossification cen-
ters.1®22 These eventually fuse to form a central ossifica-
tion center in children aged 2 to 6 years, after which
accessory ossification centers may form in children aged 8
to 12 years.>?226 While these accessory centers typically
fuse with the central ossification center to form a continu-
ous subchondral plate, they may remain unfused in some
children with a persistent fibrocartilaginous synchondro-
sis,>” constituting BPP.
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Three characteristic morphologic variants of BPP were
described by Saupe in 1943,%% establishing a classification
system. %22 Type I is an accessory fragment located inferior
to the patella, observed in approximately 5% of patients. In
type II, the accessory fragment is along the lateral margin
of the patella (~20% of patients). Type III is the most com-
mon version of the condition, with an accessory fragment
located superolateral to the patella (~70%).

BPP is typically an asymptomatic incidental finding??
and is generally regarded as a developmental or anatomic
variant.® However, it can be a cause of anterior knee pain
when repetitive traction forces are imposed across the
synchondrosis, most commonly during rigorous athletic
activity involving stresses to the extensor mechanism, as
in jumping, cutting, and pivoting sports.%1%26

Pain may also develop after an acute blow or impact
injury to a previously asymptomatic accessory ossicle. As
a result, awareness of the condition is important to care-
givers in the growing superspecialty of pediatric sports
medicine. The diagnosis is generally based on radiographs
demonstrating a linear lucency within the superolateral,
lateral, or inferior portion of the patella, with the clinical
correlation of tenderness to palpation over the accessory
fragment or synchondrosis. Given the multiple alternative
causes of anterior knee pain in adolescents and preadoles-
cents, definitive diagnosis can be challenging. At times, the
condition is misdiagnosed as an acute fracture, particularly
since minor traumatic events can represent a precipitating
symptomatic event on a preexisting BPP, with an acute on
chronic—type presentation.?? Generally, however, patellar
fracture can be ruled out by the more common insidious
onset of symptoms and the absence of a high-energy, dis-
crete, and direct blow to the patella.'* When a direct blow
does precipitate the onset of symptoms, magnetic resonance
imaging (MRI) may be helpful to differentiate a true frac-
ture from an acute exacerbation of a chronic condition.2°

For the more classic overuse presentation, symptoms are
frequently alleviated with >3 months of nonoperative man-
agement, including relative rest, cryotherapy, nonsteroidal
anti-inflammatory drugs, and physical therapy exercises
designed to stretch and strengthen the quadriceps muscle,
thereby offloading the more distal aspect of the extensor
mechanism.?111622 When prolonged nonoperative mea-
sures fail, surgical intervention may occasionally be indi-
cated, and various procedures have been employed to
improve or eliminate symptoms. However, there is little
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evidence investigating which surgical approach may be
optimal or superior in treating a painful BPP or which pro-
cedures may be applied for different presentations of the
condition.

Numerous options for surgical management of BPP have
been explored. Early reports described isolated excision of
the painful accessory fragment,?%'® although subsequent
series have advocated osteosynthesis,>!! vastus lateralis
release,! isolated lateral retinacular release,'® or lateral
retinacular release plus fragment excision.?' However, no
large series have emerged investigating multiple treatment
approaches in a comparative fashion.

The purpose of this study was therefore to investigate the
presenting features, clinical course, surgical techniques,
and outcomes of a series of pediatric and adolescent ath-
letes treated with a variety of surgical approaches for symp-
tomatic BPP, with a comparison with a large control group
of patients treated nonoperatively to elucidate potential
risk factors for undergoing surgery.

METHODS

After institutional review board approval, a retrospective
electronic medical record review was conducted using a
search engine of the records within the orthopaedic depart-
ment of a tertiary-care pediatric hospital. A preliminary
search utilized any mention of “bipartite patella” in clinic
notes between January 1, 2003, and July 23, 2018. This
returned 1758 notes for 1578 patients, 361 of whom were
excluded for age >20 years or <7 years, based on classic
descriptions of the condition occurring almost exclusively in
preadolescent and adolescent populations. We then
excluded 144 patients for absence of knee symptoms, with
BPP identified only as an incidental finding on imaging. An
additional 801 patients were excluded because the knee
pain could not be attributed specifically to the BPP, on the
basis of insufficient clinical information in the records or
because of the presence of concomitant knee pathology. Six
patients were excluded because they were lost to follow-up
from the time of the initial visit. The remaining 266 cases
included pediatric and adolescent patients diagnosed with
symptomatic, radiographically confirmed BPP (Figure 1).
The following descriptive, radiologic, and clinical data
were collected for all 266 patients: sex, age, athletic status,
Saupe classification, duration of preceding symptoms
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Figure 1. Flowchart of inclusion/exclusion criteria for bipartite patella (BPP) study cohort.

before initial clinic presentation at the study institution,
time from initial clinic presentation at the study institution
to time of diagnosis of BPP, type of nonoperative manage-
ment (eg, bracing, cryotherapy, physical therapy) and dura-
tion of nonoperative treatment until symptom resolution or
return to sport, and whether surgery was recommended.
Additional clinical data were collected for the patients trea-
ted operatively, including whether they had stopped sports
because of pain; whether symptom onset was insidious or
traumatic; the precise location of knee pain on clinical
examination; the time from symptom onset to the date of
surgery; the size of the accessory fragment (also expressed
as a percentage of overall patellar size, or surface area); and
whether the accessory fragment contained weightbearing
articular cartilage, as described in operative notes or, when
not in the operative notes, per MRI.

The fragment shape was approximated as an ellipse, and
the areas of the fragment and the patella were calculated as
%B, where o and B correspond to fragment/patellar length
and width, respectively. The MRI-based designation of
weightbearing articular cartilage was made using axial
sequences. If the cartilage of the BPP fragment was found
to articulate with, or be proximal to but in line with, the
cartilage of the lateral trochlear ridge, it was labeled
“containing articular cartilage.” If the BPP fragment con-
tained no cartilage on the deep surface or the cartilage was
found to be lateral to the lateral trochlear ridge, it was
labeled “not containing articular cartilage.” Surgical data
collected included the surgical technique employed, tourni-
quet time (used in all cases), time to radiographic healing

(when applicable), reports of residual or recurrent symp-
toms, and whether reoperation was performed.

Given the retrospective study design, several basic
assumptions were made to achieve comprehensive data
regarding the posttreatment clinical course when precise
dates were not provided in the records. If a patient pre-
sented to 1 visit with symptoms but these symptoms had
resolved by the following visit, then the date of symptom
improvement was estimated to occur at the temporal mid-
point between the 2 visits. Similarly, for return to sport, if a
patient had not returned to sport at 1 clinic visit but had
returned by the next clinic visit, then the date of return to
sport was estimated to occur at the temporal midpoint
between the 2 visits. For patients who were lost to follow-
up, the date of the missed appointment was used as the date
of symptom improvement or return to sport.

Surgical Technique

Given the retrospective nature of the study, in the majority
of cases there were no clear, identifiable indications for the
choice of one procedure over the other. For the subgroup of
patients who underwent lateral retinacular release, release
of the lateral retinaculum was performed either arthrosco-
pically (n = 11) or in an open fashion (n = 3). For all cases in
which open lateral release was performed, concurrent frag-
ment excision was also performed. The release was done
using electrocautery off of the lateral border of the patella.
Arthroscopic-aided lateral release was performed in 1 of 2
ways: either (1) with an arthroscopic electrocautery device
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from 1 cm lateral to the superolateral border of the patella
to the inferolateral portal; or (2) with long scissors placed
through the lateral portal and pushed proximally to a point
1 cm lateral to the superolateral border of the patella, after
which the lateral geniculate artery was immediately
cauterized.

The technique used for fragment excision varied by
Saupe classification. For Saupe I (inferior) BPP, an incision
was made over the inferior pole of the patella. The most
proximal fibers of the patellar tendon were split longitudi-
nally down to the periosteum of the inferior pole of the
patella; the fragment was identified, freed, and excised,
with subsequent side-to-side patellar tendon repair. For
Saupe II (lateral) or Saupe III (superolateral) BPP, an inci-
sion was made over the lateral border of the patella. For
Saupe III BPP, the most distal extent of the vastus lateralis
tendon was split obliquely, in line with the fibers, down to
the periosteum of the superolateral border of the patella;
the fragment was identified, freed, and excised with subse-
quent side-to-side vastus lateralis tendon repair.

The technique used for fragment screw fixation also dif-
fered depending on Saupe classification, although the
methods of fragment exposure were identical to those
described here. Once the synchondrosis was identified, the
fibrous tissue was curetted out, and bone graft was tamped
into the site of the curettaged synchondrosis for 2 of the
4 patients who underwent this procedure. Compression
screws were applied perpendicularly across the site of the
synchondrosis.

One patient with Saupe II lateral BPP underwent synch-
ondrosis drilling. The fragment was first exposed in an
open fashion, and the fragment was assessed and deter-
mined to be stable. Diagnostic arthroscopy was then per-
formed to confirm the integrity of the articular cartilage. A
0.062-inch (1.6-mm) diameter Kirschner wire was then uti-
lized to perform multiple drillings from lateral to medial,
across the synchondrotic margin of the ossicle, to stimulate
bony bridging across the synchondrosis.

Statistical Analysis

Patient and clinical characteristics were summarized by
treatment group and compared across treatment groups
using a chi-square test, Student ¢ test, or Mann-Whitney
U test, as appropriate. The proportion of patients who
returned to sports and the proportion of patients who
required reoperation were estimated with a 95% CI and
compared across treatment groups using a Fisher exact
test. Continuous outcomes, including time to return to
sports and time to resolution of symptoms, were summa-
rized by median and interquartile range and compared
across treatment groups using the Kruskal-Wallis test. All
tests were 2-sided, and P values <.05 were considered
significant.

RESULTS

Of the 266 patients included in this study (62.0% male;
mean age, 12.7 years; range, 7-20 years), 27 (10.2%) were
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Figure 2. Trend of increasing volume of cases of symptom-
atic bipartite patella diagnosed at the study institution. The
relative distribution of operative and nonoperative cases is
shown in 3-year increments from 2003 to 2017.

treated operatively (mean age, 15.4 years; range, 10-20
years). The number of operative and nonoperative cases per
3-year increment over the entire study period is reflected in
Figure 2. It demonstrates an increase in the overall volume
of cases over time, which was proportional to the overall
volume growth of the orthopaedic department and sports
medicine division of the study institution.

When compared with the 239 patients who underwent
nonoperative treatment, those treated operatively experi-
enced a longer duration of symptoms before first presenta-
tion (21.5 vs 7.6 months; P < .001), and they were more
likely to be older (mean age, 15.4 vs 12.4 years; P < .001),
female (59.3% vs 35.6%; P = .03), and competitive athletes
(100% vs 84.5%; P = .02). Of note, 6 of the 186 patients
managed nonoperatively who underwent physical therapy
had residual symptoms and were recommended—but they
declined—operative intervention.

Between the operative and nonoperative groups, there
was no difference in physical examination findings, such
as crepitus, popping/clicking, swelling, palpable acces-
sory fragment prominence, and quadriceps weakness.
Because the diagnosis of BPP was made at the initial
clinic visit in most cases, the time from initial clinic pre-
sentation at the study institution to time of diagnosis of
BPP was zero for 78% of the operative group and 95% of
the nonoperative group. The median was significantly
longer in the nonzero remainder of the nonoperative
cohort (28 days) when compared with the nonzero
remainder of the operative cohort (16 days; P < .001).
There was also no significant difference in length of
nonoperative management attempted across the
2 groups, with the operative group undergoing a median
2.2 months of nonoperative management before surgery
and the nonoperative group undergoing a median
1.9 months (P = .24) before symptom resolution or return
to sport. The distribution of Saupe classifications was also
not different across the 2 groups (P = .53). In the operative
and nonoperative groups, 16 and 164 patients had Saupe III
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TABLE 1
Descriptive and Clinical Data Collected for Patients
Treated Operatively and Nonoperatively®

Treatment, No. (%)

Operative  Nonoperative P
(n=27) n=239) Value
Descriptive
Sex .03

Female 16 (59) 85 (36)

Male 11 (41) 154 (64)
Competitive athlete 27 (100) 202 (85) .02
Age at surgery or 15.4 (10-20)  12.4 (7-20) <.001

presentation, y°

Clinical characteristics
Saupe classification .53

Inferior 3(11) 24 (10)

Lateral 8 (30) 49 (21)

Superolateral 16 (59) 164 (69)

Fragment area asmean % 9.4
of patellar area

Weightbearing cartilage 5(19)
on fragment
Laterality
Right 9 (33)
Left 18 (67)
Pain
Superolateral 14 (52)
Anterior 11 (41)
Stopped sports due to 23 (85)
pain?
Days from initial clinic 16 (16-70) 28 (11-41) <.001
presentation to BPP
diagnosis®?
Months of nonoperative 2.2(1.2-95) 19(1.4-3.1) .24
management’
Attempted physical 27 (100) 186 (78) .002
therapy
Time from symptom onset 2.2 y (1.7 mo —°
to surgery® to 10.1y)
Duration of symptoms at 21.5 mo 7 mo .001
presentation® (0dto10y) (1dtobsy)
Symptom onset
Insidious 20 (71) —°
Traumatic 7(29)
Surgery recommended 27 (100) 6 (2.5)

“Data are reported as No. (%) unless otherwise indicated.
Bolded P values indicate statistically significant differences
between groups (P < .05). BPP, bipartite patella.

®Mean (range).

‘Median (interquartile range).

9Among patients with nonzero values given that 78% (21/27)
and 95% (228/239) of patients in the operative and nonoperative
groups had zero values, thereby making median and interquartile
range values all zero.

“Data not available given the lack of detail/accuracy in medical
records of this treatment group, as assessed by retrospective
review.

ossicles (59% vs 69%); 8 and 49, Saupe II (30% vs 21%); and
3 and 24, Saupe I (11% vs 10%), respectively. A summary of
these findings is presented in Table 1.
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Among the 27 patients in the operative group (9 right,
18 left), 20 (71%) reported insidious onset of pain; the
remaining 7 patients (29%) experienced a discrete minor
trauma in the form of a low-energy direct blow, which pre-
cipitated symptom onset. BPP symptom duration before sur-
gery was 2.2 years (range, 1.7 months-10.1 years), with
14 patients having superolateral knee pain (52%) and 11 hav-
ing anterior knee pain (41%). In the operative group, 23
patients (85%) had been forced to discontinue sports because
of pain. On average, the accessory fragment constituted 9.4%
of the total patellar area in this operative cohort. The acces-
sory ossicle contained weightbearing articular cartilage in 5
of 27 cases (18.5%). Table 2 summarizes the operative details
and basic clinical outcomes.

Procedures were categorized as isolated fragment exci-
sion (n = 9), fragment excision with lateral release (n = 8),
isolated lateral release (n = 5), fragment screw fixation
(n = 4), and arthroscopic drilling (n = 1). Six surgeons
performed these operations. Nineteen patients reported
full resolution of symptoms and ability to return to sports
postoperatively; the mean time between surgery and
return to sports for these patients was 2.2 months. Four
patients had incomplete follow-up, precluding definitive
documentation of degree of symptom resolution and tim-
ing of return to sport.

Four patients (14.8%) reported persistent or recurrent
symptoms requiring secondary surgery, which occurred at
a mean 2 years after the initial surgery. One patient who
had undergone isolated fragment excision had experienced
postoperative symptom resolution until a direct blow to the
knee on a dashboard during a motor vehicle accident at the
4-year postoperative time point. After failed subsequent
nonoperative management, a lateral release was per-
formed, which yielded subsequent resolution of symptoms.
Two patients who had received fragment screw fixation
reported hardware-related symptoms and underwent
screw removal at 8 months and 2 years postoperatively. The
fourth patient who presented to the study institution with
persistent pain had previously undergone fragment exci-
sion with lateral release at another institution. Imaging
demonstrated a small residual fragment, and the patient
underwent revision fragment excision 12 months after the
initial procedure. The patient reported symptom resolution
4 months after the revision procedure.

DISCUSSION

In this large cohort of pediatric and adolescent patients,
comparative analysis of operatively versus nonoperatively
treated patients with BPP demonstrated that older adoles-
cents, competitive athletes, girls, and patients with a
delayed initial presentation after symptom onset were most
likely to require operative intervention.

One explanation for delayed presentation emerging as a
risk factor for surgery may lie in the breakdown of sex and
age across the groups. Prior studies have demonstrated
that female patients in general tend to present to clinic for
medical conditions later than their male counterparts,*®
although these studies were conducted in adult patient
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TABLE 2
Operative Details and Outcomes for Patients Who Underwent Surgery®

Operative Technique

Isolated
Lateral Isolated Fragment Synchondrosis Fragment Excision + All
Release Excision Drilling Lateral Release Screw Fixation Operations
No. (%) 5(19) 9(33) 1(4) 8 (30) 4 (15) 27
Mean fragment area, mm? 71.3 137.8 64 82.2 151.5 108
Mean fragment %° 9.10 11.20 6.70 7.20 11.60 9.40
Articular cartilage 1(20) 1(11) 0(0) 2 (25) 1(25) 5(19)
involved, No. (%)
Mean OR time,° min 45 52 34 63 50 48
Mean time to healing on — — 3.2 — 4.8 —
radiograph, mo
Mean time to RTS, mo 1.8 2 3 2.6 3 2.2
Reoperation needed, No. (%) o? 1° (11) 0(0) 1(13) 2 (50) 4 (15)

Arthroscopic lateral
release (4)

Reoperation technique —
(years after surgery)

— Excision of residual

ROH (2), ROH, —

fragment (4) second fixation (1)

“Dashes indicate not applicable. OR, operating room; ROH, removal of hardware; RTS, return to sport.
*Fragment % was calculated as the surface area of the bipartite fragment divided by the surface area of the overall patella, with each
measured by their maximum length and width on AP radiographs or coronal plane MRI sequences.

“OR time: tourniquet time documented in the operative records.

9Percentage of total patellar area. One patient was recommended reoperation for residual tenderness over the bipartite fragment but was

lost to follow-up.

°This patient experienced symptom resolution until a direct blow of the knee to a dashboard in a motor vehicle accident.

populations and female sex was a risk factor for undergoing
surgery in the current overall series. Bruins et al® also
demonstrated that older adolescents tend to present to
clinic less frequently than pediatric patients, likely owing
to relatively greater parental concern over pain reported by
younger patients.

The fact that competitive athletes were more likely to go
on to surgery may relate to their behavioral tendencies to
play through pain as compared with their recreational ath-
lete or nonathlete counterparts—a finding also demon-
strated in prior literature.?’” Thus, the importance of
prolonged periods of adequate rest and activity modifica-
tion—particularly in the older adolescent subpopulation,
which may be most resistant to such interventions—is
underscored by these study findings. However, while pre-
vious authors have suggested that at least 6 months of rest,
immobilization, and/or physical therapy be attempted
before operative intervention,?!! we found that the nonop-
erative cohort in the current study improved to achieve
symptom resolution or return to sports more quickly than
this, with a median duration of nonoperative measures just
under 2 months.

For those rare patients requiring operative intervention
for refractory pain, various surgical approaches were
employed in prior studies. However, as outlined in a 2018
editorial commentary, the literature has lacked studies
comparing indications or outcomes of the different surgical
approaches.® Notably, in our current investigation, there
was no significant difference in time between surgery and
return to sports among the operative techniques. This cor-
relates with conclusions drawn in prior systematic reviews

of multiple small case series, in which clinical results sug-
gested comparable overall outcomes across different surgi-
cal approaches.'”!® As stated previously, given the
retrospective nature of the study, it was often difficult to
identify clear indications for the choice of one procedure
over the other. However, all patients had endured pro-
longed symptoms refractory to a variety of nonoperative
treatment measures.

In the current series, reoperation rates were too low
overall to identify meaningful differences among
technique-based subcohorts. In one of the earliest studies
on the subject, Weaver?® investigated surgical excision of
the accessory fragment. He noted favorable outcomes in the
majority of patients, although 1 of the 21 patients in the
series required subsequent patellectomy for residual symp-
toms. Many authors have since agreed that accessory frag-
ment excision provides reliable clinical outcomes, although
Bourne and Bianco® recommended long-term follow-up to
evaluate development of patellofemoral degenerative
changes after excision. Of the 9 patients in the current
study who received isolated fragment excision, 1 (11%)
underwent reoperation in the form of an arthroscopic lat-
eral retinacular release. The other 8 patients reported
symptom improvement.

As an alternative to isolated fragment excision, Ogata®!
hypothesized that vastus lateralis release might be useful
to treat Saupe II and III BPP. In that study, 10 patients
underwent isolated open vastus lateralis release; the vas-
tus lateralis insertion to the painful patellar fragment was
detached subperiosteally, while the continuity of the
tendon-periosteum complex to the main portion of the
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patella was preserved. Interestingly, the authors demon-
strated high rates of spontaneous bony union after separa-
tion of the vastus lateralis tendon from the superolateral
patellar fragment in Saupe III cases (6 of 7 patients; 86%).
For this reason, excision of the fragment was thought to be
unnecessary. However, none of the 3 patients in Ogata’s
series with Saupe II BPP underwent bony fusion postoper-
atively, and the relief of pain was not as prompt or complete
as in Saupe III cases. None of the patients in the current
study underwent vastus lateralis release.

Mori et al'® published a different study on the efficacy of
lateral retinacular release for the painful BPP, performed
distal to the vastus lateralis tendon in the retinacular tis-
sue itself. Mori et al suggested that patients with symptom-
atic BPP may have had pain from not only the bipartite
synchondrosis but also concurrent lateral pressure syn-
drome or patellofemoral syndrome, with lateral retinacular
release providing value in improving all knee symptoms
from any of the 3 conditions. Felli et al'® subsequently
reported that arthroscopic lateral retinacular release facil-
itated return to sports and symptom improvement in a
series of 11 patients. Among the current study cohort, none
of the 5 patients who received isolated lateral retinacular
release required reoperation. Of 8 patients who underwent
fragment excision with concomitant lateral retinacular
release, 1 (13%) experienced recurrent pain and required
revision surgery. However, the revision consisted of exci-
sion of a small portion of unresected bipartite fragment,
which provided lasting symptom relief, suggesting a poten-
tial technical failure in the initial surgery and underscoring
the importance of an adequate excision if such an approach
is utilized.

Literature regarding the efficacy of screw fixation in
treating painful BPP is sparse. It has been suggested that
fixation can be useful in cases in which the fragment is very
large or involves the articular surface of the joint.2 Other
authors contend that fixation may represent too invasive a
procedure for this condition.? In the current cohort, 2 of the
4 patients who underwent fragment fixation (50%) required
reoperation to remove fixation implants, a common second-
ary surgical procedure after many orthopaedic procedures
but one that should be discussed with patients for whom
this technique is considered. Other authors have postulated
that fixation might be superior to fragment excision for
larger fragments involving articular cartilage.? There was,
however, no difference in fragment percentage of total
patellar area between open reduction and internal fixation
(ORIF) and fragment excision in the current cohort. Yet,
given the low overall sample size of the operative group,
no definitive conclusions can be derived regarding outcome
as it pertains to technique. However, all 5 described tech-
niques appear to be acceptable for patients with prolonged
symptoms not responsive to nonoperative measures. At our
institution, given the findings in the current series, we
favor fragment excision unless the fragment is large and
contains a significant portion of weightbearing articular
cartilage. In this case, fixation with or without bone graft-
ing is preferred for large fragments, depending on the
width or extent of the synchondrosis, with wider synchon-
droses being considered more amenable to bone grafting. If
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the lateral retinaculum feels abnormally tight and there is
clear lateral patellar tilt, with symptoms of lateral patellar
hypercompression syndrome or patellofemoral pain, then
we often consider arthroscopic lateral retinacular release
as an alternative or adjunctive procedure to the earlier
described techniques.

There are several limitations to this study. The retro-
spective nature of the analysis limited the scope and com-
prehensiveness of preoperative clinical details investigated
and necessitated several assumptions related to the chart
review, which were designed to avoid gross over- or under-
estimates for the time of symptom resolution and return to
sports. A future aim is to reach out to the operative cohort
to collect long-term patient-reported outcome measures via
validated knee questionnaires. In addition, because the
patients included in the study underwent surgery by 1 of
6 surgeons, the level of detail of operative data recorded
was inconsistent, and indications for different surgical
techniques varied. Finally, the study sample size was rela-
tively small, with 27 patients in the operative group. Given
the relative rarity of the condition meeting surgical indica-
tions, prospective multicenter studies are warranted to bet-
ter understand operative indications and comparative
outcomes. Nevertheless, the current study represents the
largest series comparing operative versus nonoperative
interventions for the painful BPP.

CONCLUSION

BPP is a rare cause of knee pain in adolescent athletes and
is generally responsive to nonoperative treatment. Patients
needing surgical treatment—most commonly, adolescent
competitive female athletes with a delayed first presenta-
tion to clinic—represented approximately 10% of cases and
were most likely to have superolateral bipartite fragments.
A variety of surgical techniques may be effective, with an
overall 15% risk of persistent or recurrent symptoms war-
ranting reoperation. Prospective multicenter investiga-
tions are needed to identify optimal candidates for earlier
interventions and optimal operative treatment techniques.
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