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Abstract
Purpose  This study aimed to investigate the results of a new treatment procedure (ultrasound-guided injection and the “pie 
crust” technique for lengthening of capsular tendon structures) for symptomatic bipartite patella.
Methods  We retrospectively investigated patient outcomes following the treatment of symptomatic type III bipartite patella 
with our new technique. Fifteen knees in 14 boys (mean age, 13.0 ± 1.7 years) were included. The procedure involved the 
injection of 1% lidocaine (2 mL) and triamcinolone acetonide (5 mg) between the patella and fragment. We then punctured 
10 sites from one skin puncture to extend lateral capsular tendon structures. The patients were clinically assessed using 
the Victorian Institute of Sports Assessment (VISA) score before and 1 week, 1 month, and 3 months after the procedure. 
Patients were also evaluated for complications.
Results  The average VISA score was 45.7 ± 4.7 before treatment, 70.6 ± 7.3 at 1 week post-treatment, 84.4 ± 16.6 at 1 month 
post-treatment, and 88.6 ± 18.3 at 3 months post-treatment. The VISA score improvement from before the procedure to 1 week 
after the procedure was significant (P < 0.01). There were no complications in any of the patients, who returned to sports at 
a mean of 4.2 ± 2.1 weeks after the procedure. However, two patients (three knees) had poor results and could not return to 
action; thus, they underwent surgical treatment 4 months after the ultrasonographic procedure.
Conclusions  This novel method is a potential treatment option for the management of symptomatic bipartite patella in 
outpatient clinics.
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Introduction

The patella develops initially as an expanding mass of carti-
lage, with ossification beginning between the ages of 3 and 
5 years and continuing until 9–10 years [1]. In most cases, 
multiple small foci combine to form a central nidus, with a 
single ossification center being seen in 77% of children, and 
two or three centers being seen in the remainder [2]. Usually, 
these centers unite to form a continuous subchondral plate.

However, the unification of ossification centers can fail 
to occur, resulting in a bipartite patella with a fibrocartilagi-
nous union between the bipartite fragment and patella body 

[3]. Bipartite patellae can be classified as follows based on 
the position of the accessory ossification center [4]: type I 
(5%), transverse split with the accessory center at the infe-
rior pole; type II (20%), longitudinal split with the accessory 
center at the lateral margin; and type III (75%), accessory 
center at the superolateral pole. Regardless of classifica-
tion, the condition is usually asymptomatic and is consid-
ered an anatomical variant of the knee present in 1–2% of 
the healthy population [5]. However, in patients who are 
symptomatic, the onset of pain typically occurs between 12 
and 14 years of age due to sports participation, as reported 
by Oohashi et al. [6]. These authors also reported that out of 
50 knees in patients with symptomatic bipartite patella, only 
6% experienced knee pain during walking.

Initial management of a painful bipartite patella is non-
surgical and includes restriction of activities, immobili-
zation and bracing, administration of nonsteroidal anti-
inflammatories, physical therapy, and local corticosteroid 
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injections [7, 8]. If conservative management fails and 
symptoms linger, surgical treatment may be warranted. 
Surgical methods that have been described include exci-
sion of the fragment, soft tissue procedures such as lateral 
retinacular release [9] and vastus lateralis release [10], 
and open reduction and internal fixation of the painful 
fragment [11]. Although good results have been reported 
with these procedures, there are many athletes and families 
who hesitate to undergo surgical treatment. Therefore, we 
developed a new treatment that can be performed in an 
outpatient clinic under local anesthesia.

We hypothesized that ultrasound-guided injection and 
the pie crust technique would be an effective and safe treat-
ment option for symptomatic type III bipartite patella. We 
examined whether surgical treatment could be avoided in 
patients who planned to undergo surgical treatment after 
ineffective conservative treatment. The purpose of this 
study was therefore to investigate patient outcomes fol-
lowing the performance of ultrasound-guided injection and 
the pie crust technique for the treatment of symptomatic 
type III bipartite patella, and determine the effectiveness 
and safety of the novel technique.

Materials and methods

We performed ultrasound-guided injection and the pie 
crust technique on 15 knees in 14 male patients (mean 
age, 13.0 ± 1.7 years) between August 2017 and Septem-
ber 2018. The inclusion criteria were as follows: clini-
cally symptomatic type III bipartite patella confirmed by 
radiography, ultrasonography, and computed tomography, 
with conventional conservative therapy (i.e., restriction of 
activities, immobilization, administration of nonsteroidal 
anti-inflammatories, and physical therapy) being ineffec-
tive for more than 2 months. The exclusion criteria were a 
history of previous knee surgery and severe degenerative 
changes of the patellofemoral joint. Patients with less than 
4 months of follow-up were also excluded.

Patient assessment

Patients were clinically assessed using the Victorian Insti-
tute of Sports Assessment (VISA) score (a scoring system 
in which higher scores indicate better clinical outcomes) 
[12] before and 1 week, 1 month, and 3 months after ultra-
sound-guided injection and the pie crust technique were 
performed. The occurrence of complications (i.e., infec-
tion, severe pain, and hematoma) was also investigated 
during the follow-up period.

Ultrasound‑guided injection and the pie crust 
technique

Diagnostic ultrasound was performed using the SONIM-
AGE HS-1 ultrasound system (Konica Minolta Health-
care, Tokyo, Japan) with a linear transducer (18–4 MHz). 
Ultrasound-guided injection and the pie crust technique 
were performed by a single knee surgeon (J.N.) in an out-
patient clinic. The patient was placed in the supine posi-
tion with the knee slightly flexed to approximately 10° and 
supported by a pillow (Fig. 1). The skin was then cleansed 
with povidone iodine, after which a 19-mm 27-gauge nee-
dle was used to administer 3 mL of 1% lidocaine for local 
anesthesia. Then, a 25-mm 25-gauge needle was guided 
into the knee from a lateral approach using a short-
axis view of the patella to ensure proper placement just 
between the patella and free fragment. Once proper place-
ment was established, we injected 2 mL of 1% lidocaine 
and 5 mg of triamcinolone acetonide between the patella 
and free fragment (Fig. 2). We subsequently identified the 
vastus lateralis tendon and lateral retinaculum contiguous 
to the accessory fragment, and punctured 10 sites from one 

Fig. 1   Patient position during the procedure. A pillow is placed under 
the patient’s knee, which creates a slight flexion of the knee joint. The 
ultrasound system is placed on the other side of the patient
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skin puncture with a 38-mm 18-gauge needle to lengthen 
these structures (Fig. 3).

Post‑procedure rehabilitation protocol

To avoid hematoma formation on the first day after the pro-
cedure, wounds were pressed with gauze and carefully exam-
ined the next day. We also ordered rest for 1 day after the 
procedure and allowed exercise only after hemostasis was 
confirmed. Exercise was recommended as follows: flexion 

and extension exercises 2 days after the procedure, running 
exercise 4 days after the procedure, and complete return to 
sports activities at the patient’s discretion, but at least 1 week 
after the procedure. No braces were to be used following this 
procedure, and full weight-bearing was allowed as tolerated 
immediately after the procedure.

The ultrasonographic procedure was repeated every 
2–4 weeks according to the patient’s wishes. If treatment 
did not improve symptoms, accessory fragment extraction 
was performed under general anesthesia.

Fig. 2   Ultrasonographic 
guidance injection. The arrow 
indicates the area between the 
patella and free fragment. The 
arrow head indicates the needle 
tip. We usually perform this 
injection using the out-of-plane 
approach

Fig. 3   Ultrasonographic pie 
crust technique. The arrow 
head indicates the needle tip. 
Dots indicate capsular-tendon 
structures. We perform the “pie 
crust” technique using the out-
of-plane approach
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Statistical analysis

For a statistical power of 80% where P < 0.05 is significant, 
a total of 12 cases were needed to observe a significant dif-
ference between pre- and post-procedural VISA scores. 
Student’s t test was used to compare VISA scores between 
each time point, with SPSS (SPSS Inc., Chicago, IL) being 
used for data analysis. Data are presented as mean ± standard 
deviation.

Results

The mean duration from symptom onset to the procedure 
first being performed was 4.5 ± 2.0 months, and the proce-
dure was performed an average of 2.0 ± 1.1 times (Table 1). 
Mean VISA scores were 45.7 ± 4.7 before treatment, 
70.6 ± 10.3 at 1 week after treatment, 84.4 ± 16.6 at 1 month 
after treatment, and 88.6 ± 18.3 at 3 months after treatment. 
VISA score improvements from baseline to 1 week after 
treatment, and from 1 week to 1 month after treatment, were 
significant (both P < 0.01), while the improvement between 
1 and 3 months after treatment was not. Two patients (three 
knees) had poor results and could not return to action, and 
thus underwent surgical treatment 4 months after the ultra-
sonographic procedure. However, the other 12 patients were 
able to fully return to action a mean of 4.2 ± 2.1 weeks after 
the procedure. There were no complications in any of the 
patients.

Discussion

The most important finding of this study was that the ultra-
sound-guided injection and the “pie crust” technique for the 
lengthening of the vastus lateralis tendon and lateral retinac-
ulum under local anesthesia significantly improved the mean 
VISA scores post-treatment without procedure-related com-
plications in cases of symptomatic type III bipartite patella.

Although several treatment options have been proposed 
for bipartite patella, there remains some controversy regard-
ing the best therapeutic option [10]. Generally, most cases 
of symptomatic bipartite patella are treated conservatively, 
with surgical management only being considered when con-
servative treatment fails. This can be more likely in ath-
letes due to their desire to return quickly to sports activities; 
indeed, the reported success rate of conservative therapy 
is 38% among athletes [11, 13]. However, some authors 
have reported positive results for conservative therapy, with 
symptom resolution and return to action being achieved after 
45–90 days [14, 15]. Nevertheless, due to the low reliability 
of conservative therapy and the long period of time before 
being able to return to action, athletes often find it difficult 
to accept it as a treatment option.

Regarding surgical treatment, Matic et al. reported that 
excision of the accessory fragment is the most successful 
method in returning athletes to action without symptoms 
[11]. In their review, they found that 67% of patients under-
going surgery had some form of excision of the fragment, 
and that this had a 100% success rate at returning patients 

Table 1   Overall results for patients treated with the ultrasonographic procedure

Case Age Sports Side Symptom 
duration, 
months

VISA score

Pre-procedure 1 week 1 month 3 month Number of 
procedures

Outcome

1 13 Soccer Right 6 50 65 82 100 2 RTP
2 13 Soccer Left 6 50 48 100 100 2 RTP
3 14 Soccer Left 4 42 64 76 100 2 RTP
4 14 Soccer Left 3 45 83 100 100 1 RTP
5 12 Baseball Left 6 54 66 82 100 2 RTP
6 13 Soccer Right 4 48 67 48 45 4 Surgery

13 Soccer Left 4 45 80 54 51 4 Surgery
7 13 Basketball Right 2 42 67 81 75 4 Surgery
8 14 Soccer Left 5 42 64 81 88 2 RTP
9 15 Soccer Left 6 40 66 100 100 1 RTP
10 16 Soccer Left 10 49 76 81 85 1 RTP
11 11 Volley ball 3 40 82 100 100 1 RTP
12 14 Soccer Left 2 45 82 100 100 1 RTP
13 10 Soccer Right 4 54 85 100 100 1 RTP
14 10 Soccer Left 3 42 64 81 85 2 RTP
Ave. 13 ± 1.6 4.5 ± 2.1 45.8 ± 4.6 70.6 ± 10.3 84.4 ± 16.6 88.6 ± 18.3 2.0 ± 1.1
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to prior activities. This was achieved without symptoms in 
91% of patients, while the remaining 9% returned to action 
with residual symptoms. Feil et al. also summarized cases 
of athletes surgically treated for bipartite patella [14]. Sev-
eral surgical methods were included in their report, with the 
time taken to return to action ranging from 30 to 150 days 
after surgery [14]. This is in contrast to our study, which 
found that patients could resume sports much sooner at 
4.5 ± 1.7 weeks after the ultrasonographic procedure.

Our advantageous results were likely due to the non-sur-
gical lengthening of the vastus lateralis tendon and lateral 
retinaculum. These structures provide significant restraint 
on the patella, with the pain associated with bipartite patella 
being theoretically caused by fragment micro-movement or 
detachment due to traction forces applied during knee exten-
sion [6, 8, 9, 16, 17]. Furthermore, the fibrocartilaginous 
layer between the accessory fragment and patella is brittle, 
and has been hypothesized to play the main role in the patho-
genesis of symptoms [18]. These problems can be countered 
by lateral soft tissue procedures, which decrease the direct 
forces of the extensor mechanism on the fragment, thereby 
decreasing symptoms [8, 9]. Surgical procedures involving 
the lateral soft tissues without excision of the fragment are 
therefore effective in restoring normal patellofemoral track-
ing. For example, Ogata et al. reported a similar procedure 
to ours, involving subperiosteal detachment of the vastus 
lateralis muscle’s insertion on the fragment [17]. However, 
because many athletes do not wish to undergo surgical 
treatment, we believed it necessary to devise an effective 
conservative therapy. Our procedure was devised by adapt-
ing techniques performed during total knee arthroplasty 
[19] and arthroscopic meniscectomy [20], with a focus on 
lengthening the vastus lateralis tendon and lateral retinacu-
lum, and decreasing inflammation at the fibrocartilaginous 
layer between the fragment and patella. A key advantage of 
our procedure is the use of local injection under ultrasono-
graphic guidance, which enables lidocaine and steroids to be 
precisely injected between the patella and fragment, as well 
as non-surgical lengthening of the vastus lateralis tendon 
and lateral retinaculum.

Despite the insights provided by this study, it does have 
some limitations. First, the degree of vastus lateralis tendon 
and lateral retinaculum lengthening using our method of 10 
punctures still needs to be investigated. Second, three of the 
15 knees in our study required additional surgery. Although 
this was not a high percentage, this may indicate that our 
technique still needs improvement. Third, our study did not 
have a randomized controlled design; therefore, although the 
results are promising, future prospective randomized con-
trolled studies may be helpful in providing more robust evi-
dence regarding the effectiveness of this technique. Fourth, 
we need to perform fresh cadaver or animal experiments to 
understand the mechanism of this procedure in the future. 

Finally, the need for clinicians to become accustomed to 
ultrasound, and therefore the performance of our technique 
being influenced by clinician proficiency, is a major chal-
lenge. Nevertheless, the procedure had no complications, 
could be performed under local anesthesia at an outpatient 
clinic, and was effective in reducing clinical symptoms. It 
is thus a promising new treatment option for symptomatic 
bipartite patella.

Conclusions

The performance of ultrasound-guided injection and the “pie 
crust” technique for the lengthening of the vastus lateralis 
tendon and lateral retinaculum under local anesthesia was 
found to safely and effectively treat symptomatic type III 
bipartite patella. This was particularly supported by the sig-
nificant improvement in the mean VISA scores post-treat-
ment, and the absence of procedure-related complications. 
Thus, we recommend consideration of this novel technique 
for the treatment of symptomatic bipartite patella prior to 
surgical treatment in cases where other conservative treat-
ment methods are unsuitable.

Compliance with ethical standards 

Conflict of interest  The authors have no conflicts of interest to declare.

Ethical statement  Ethical approval for the present study was obtained 
from our institutional review board. Patients were informed of the study 
aims and procedures, and they provided written informed consent along 
with their parents.

Informed consent  Patients were informed of the study aims, proce-
dures, and publication, and they provided written informed consent 
along with their parents.

References

	 1.	 Ogden JA. Radiology of postnatal skeletal development Patella 
and tibial tuberosity. Skelet Radiol. 1984;11:246–57.

	 2.	 Prakash S, Chopra SRK, Jit I. Ossification of the human patella. 
J Anat Soc India. 1979;28:78–83.

	 3.	 Canizares GH, Selesnick FH. Bipartite patella fracture. Arthros-
copy. 2003;19:215–7.

	 4.	 Saupe E. Beitrag zur patella bipartita. Fortschr Rontgenstr. 
1921;28:37–41.

	 5.	 O’Brien J, Murphy C, Halpenny G, et al. Magnetic resonance 
imaging features of asymptomatic bipartite patella. Eur J Radiol. 
2011;78:425–9.

	 6.	 Oohashi Y, Koshino T, Oohashi Y. Clinical features and classifica-
tion of bipartite or tripartite patella. Knee Surg Sports Traumatol 
Arthrosc. 2010;18:1465–9.

	 7.	 Gaheer RS, Kapoor S, Rysavy M. Contemporary management 
of symptomatic bipartite patella. Orthopedics. 2009. https​://doi.
org/10.3928/01477​447-20090​922-20.

https://doi.org/10.3928/01477447-20090922-20
https://doi.org/10.3928/01477447-20090922-20


502	 Journal of Medical Ultrasonics (2019) 46:497–502

1 3

	 8.	 Mori Y, Okumo H, Iketani H, et  al. Efficacy of lateral reti-
nacular release for painful bipartite patella. Am J Sports Med. 
1995;23:13–8.

	 9.	 Adachi N, Ochi M, Yamaguchi H, et al. Vastus lateralis release for 
painful bipartite patella. Arthroscopy. 2002;18:404–11.

	10.	 McMahon SE, LeRoux JA, Smith TO, et al. The management of 
the painful bipartite patella: a systematic review. Knee Surg Sports 
Traumatol Arthrosc. 2016;24:2798–805.

	11.	 Matic GT, Flanigan DC. Return to activity among athletes 
with symptomatic bipartite patella: a systematic review. Knee. 
2015;22:280–5.

	12.	 Visentini PJ, Khan KM, Cook JL, et al. The VISA score: an index 
of severity of symptoms in patients with jumper’s knee (patellar 
tendinosis). Victorian Institute of Sport Tendon Study Group. J 
Sci Med Sport. 1998;1:22–8.

	13.	 Atesok K, Doral MN, Lowe J, et al. Symptomatic bipartite patella: 
treatment alternatives. J Am Acad Orthop Surg. 2008;16:455–61.

	14.	 Feil L, Formica M, Lovisolo S, et al. Clinical outcome of arthro-
scopic lateral retinacular release for symptomatic bipartite patella 
in athletes. Arthroscopy. 2018;34:1550–8.

	15.	 Wong CK. Bipartite patella in a young athlete. J Orthop Sports 
Phys Ther. 2009;39:560.

	16.	 Ishikawa H, Sakurai A, Hirata S, et al. Painful bipartite patella 
in young athletes. The diagnostic value of skyline views taken in 
squatting position and the results of surgical excision. Clin Orthop 
Relat Res. 1994;305:223–8.

	17.	 Ogata K. Painful bipartite patella: a new approach to operative 
treatment. J Bone Joint Surg Am. 1994;76:573–8.

	18.	 Green WT Jr. Painful bipartite patellae: a report of three cases. 
Clin Orthop. 1975;110:197–200.

	19.	 Clarke HD, Fuchs R, Scuderi GR, et al. Clinical results in valgus 
total knee arthroplasty with the “pie crust” technique of lateral 
soft tissue releases. J Arthroplasty. 2005;20:1010–4.

	20.	 Claret G, Montañana J, Rios J, et al. The effect of percutaneous 
release of the medial collateral ligament in arthroscopic medial 
meniscectomy on functional outcome. Knee. 2016;23:251–5.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Ultrasound-guided injection and the pie crust technique for the treatment of symptomatic bipartite patella
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient assessment
	Ultrasound-guided injection and the pie crust technique
	Post-procedure rehabilitation protocol
	Statistical analysis

	Results
	Discussion
	Conclusions
	References




