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Abstract

Background Although patellar instability can be treated

with several surgical procedures, the appropriate surgical

treatment for patellar instability with patella alta has not

yet been investigated. The objective of this study is to find

out whether three-dimensional transfer of the tibial tuber-

osity elicits good knee functionality with improved patella

alta and prevents further patellar dislocation.

Methods Twelve knees (10 patients) underwent surgery

for patellar instability with patella alta from 2007 to 2011.

The surgery performed was a three-dimensional transfer for

the anteromedial distalization of the tibial tuberosity. Pre-

disposing anatomical factors for patellar instability were

evaluated preoperatively; femorotibial angle (FTA), patella

alta (IS ratio), trochlear dysplasia (sulcus angle) and tilting

angle (lateral tilt). The function of the knee was assessed

before and after surgery by Lysholm and Kujala score.

Results Before surgery, the IS ratio was 1.34 ± 0.13,

lateral tilt was 22.4� ± 6.5�, and the sulcus angle was

151.7� ± 8.3�, indicating patella alta, laterality, and

trochlear dysplasia. After surgery, the IS ratio and lateral

tilt significantly improved to 0.95 ± 0.13, and

10.6� ± 3.4�, respectively. FTA and sulcus angle were not

altered. Lysholm and Kujala score improved from 63.8 to

94.7 and 67.0 to 94.1 points, respectively. Most patients

displayed good outcomes except for one patient who suf-

fered re-dislocation by hitting their knee on the floor,

2.5 years after surgery.

Conclusion Three-dimensional tibial tuberosity transfer

was shown to correct the patella position and result in a

good clinical outcome. This method is introduced as an

alternative surgery for patellar instability with patella alta.

Introduction

Patellar dislocation is frequently affected by acute and

chronic injury. Acute dislocation is mainly caused by trau-

matic high-energy injuries, whereas chronic dislocation is

caused by recurrent patellar dislocation, which contributes to

multifactorial problems such as patellar shape [1], patella alta

[2, 3], patellar tilt [4], trochlear dysplasia [5], and an exces-

sive tibial tubercle–trochlear groove (TT–TG) distance [6, 7].

Several surgical procedures and outcomes for patellar

instability have already been reported. Since Hauser [8]

reported the surgical treatment of patellar dislocation by

transferring the tibial tuberosity, Elmslie-Trillat [9], and

Fulkerson [10] procedures were reported with some modifi-

cation of distal realignment. Most of these procedures were

reported to have a good outcome [11, 12], however, some

later progressed to osteoarthritic change at the patellofemoral

(PF) joint [13], especially after the distalization of tibial

tuberosity by Hauser’s procedure [14]. Recently, medial pa-

tellofemoral ligament (MPFL) reconstruction has been more

commonly performed because of the anatomical recon-

struction with low surgical invasion [15–17]. Although most

of the MPFL reconstructions reported good outcomes [16],

there were still some cases that retained patellar instability

[18], and it is hard to resolve the problems associated with

patella alta using MPFL reconstruction [19].

Patella alta is characterized by proximal location, as

indicated by an Insall–Salvati [20] patella height ratio (IS

ratio) over 1.2. Patella alta is associated with maximal PF
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contact force [21], adverse cartilage adaptations, PF pain,

and instability [22]. As a result, it frequently induces knee

osteoarthritis (OA) [23, 24]. It is recommended that the

surgical procedure is selected on the basis of cause and

effect, though appropriate surgical treatment for patellar

instability with patella alta has still to be investigated.

In this study, we focus on patellar instability with patella

alta and introduce a three-dimensional transfer, which is an

anteromedial distalization of the tibial tuberosity, and

assess the outcome of this procedure.

Materials and methods

This study was performed according to a protocol approved

by the Institutional Review Board of Osaka Medical

College (No. 1125). All subjects provided their informed

consent to participate in this study. A retrospective study

was conducted for 12 knees (10 patients; 8 women, 2 men),

which underwent surgical treatment for patellar instability

with patella alta from 2007 to 2011. The average age was

20.2 years (range 16–43 years) and the mean follow-up

was 3.2 years (range 1.1–5.5 years). The indication of this

surgery was that patients who had experienced patellar

dislocation several times and continued the complaint of

patellar instability with patella alta with a IS ratio over 1.2.

Preoperative assessment

Predisposing anatomical factors for recurrent patellar dis-

location were evaluated preoperatively, including valgus

knee alignment via the femorotibial angle (FTA), patella

Fig. 1 Surgical procedure for

three-dimensional transfer of

tibial tuberosity. a, b An 8-cm

longitudinal skin incision from

the tibial tuberosity to the distal

edge of the anterior tibia is

performed. c–e Kirschner wires

were inserted to 20�–30� as a

guide for osteotomy at the tibial

tuberosity, from anterior medial

to posterior lateral. f Tibial

tuberosity (45 9 15 mm)

transferred via anteromedial

distalization. Bone fragment

from the distal end of

transferred tibial tuberosity was

placed to stabilize the position.

The tibial tuberosity was fixed

with two cannulated cancellous

screws 5.0 mm in diameter.

g Lateral release and medial

plication for proximal

realignment
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alta (IS ratio) [20], and trochlear dysplasia (sulcus angle)

with Merchant view [25] by X-ray. Lateral patellar dis-

placement (tilting angle) and TT–TG distance were eval-

uated by CT images. PF joint space was measured at the

center of medial and lateral facet and was used to calculate

PT index [26]. The relationship between the measurements

of anatomical features and postoperative patellar instabil-

ity, which was defined by the patellar redislocation or

residual apprehension after surgery was assessed. The

clinical outcome was evaluated by Lysholm and Kujala

[27] score before and at the end of the follow-up.

Surgical procedure

The surgery performed was a three-dimensional, antero-

medial and distal transfer of the tibial tuberosity. An 8-cm

longitudinal skin incision was made from the insertion of

the patella to the lower end of the tibial tuberosity (Fig. 1a,

b). Kirschner wires were inserted 20�–30� from the anter-

omedial to the posterolateral of tibia as a guide for oste-

otomy at the tibial tuberosity (Fig. 1c). The transferred

tibial tuberosity, was about 45 mm long and about 15 mm

wide. The bone fragment was detached from the distal

tibial tuberosity to be transferred 10–15 mm by antero-

medial distalization. The size and shape of the detached

bone depended on the distance the tibial tuberosity was to

be transferred. To correct the patellar instability with

patella alta, the distance of distal transfer was calculated

for correcting the IS ratio to 1.0, and the distance of medial

transfer was decided to normalize the TT–TG distance to

10–15 mm based on the CT measurements. Usually, the

distance of anterior transfer was decided after medial and

distal transfers had been performed (Fig. 1d, e). The bone

fragment from the distal end of the tibial tuberosity was

placed at the side of the replaced tuberosity to stabilize the

transferred position. Finally, the tibial tuberosity was fixed

with two cannulated cancellous screws 5.0 mm in diameter

(Fig. 1f). Lateral release and medial plication for proximal

realignment was added (Fig. 1g). The transfer of the tibial

tuberosity was assessed with CT after surgery. Medializa-

tion was measured with a coronal view, distalization used a

sagittal view, and ventralization used an axial view

(Fig. 2). All cases were performed arthroscopy to deter-

mine the cartilage degeneration when the screws at tibia

tuberosity were removed almost 1 year after initial surgery.

Rehabilitation

Weight-bearing was permitted with a knee extension brace

for the first 3 weeks after surgery. Exercising the knee’s

range of motion started as follows; aggressive quadriceps

and hamstrings muscle exercises were added after 8 weeks

or later, while running and full sports activities were per-

mitted after 3 and 6 months, respectively.

Statistical analysis

Statistically significant differences were determined with a

paired T test before and after surgery. The results are given

as mean ± SD. P values \0.05 were considered

significant.

Results

The average transfer of tibial tuberosity in this surgical pro-

cedure was 5.6 ± 1.9 (3.6–9.0) mm anterior, 8.7 ± 0.5

(8.1–9.1) mm medial and 10.6 ± 3.4 (6.7–13.1) mm distal,

respectively (Fig. 2). The average FTA was 176.7

(175.0–179.0) degrees before surgery and 176.4 (173.0–179.0)

degrees after surgery (P = 0.73). Before surgery, the average

IS ratio was 1.34 ± 0.13 (1.21–1.65) and the tilting angle was

22.4 ± 6.5 (15.0–36.5) degrees, which showed patella alta and

lateral subluxation. The preoperative sulcus angle was

Fig. 2 CT image of three-

dimensional transfer of tibial

tuberosity. Tibial tuberosity was

transferred 5.6 ± 1.9 (3.6–9.0)

mm anterior, 8.7 ± 0.5

(8.1–9.1) mm medial and

10.6 ± 3.4 (6.7–13.1) mm distal

side
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151.7 ± 8.3 (141.5–168.0) degrees, with trochlear groove

dysplasia and the postoperative sulcus angle was 150.1 ± 8.5

(140.5–167.5) degrees, which was not significantly improved

(P = 0.74). After surgery, the IS ratio, which was the distance

to the patella ligament attachment before surgery, improved to

0.95 ± 0.13 (0.79–1.16, P \ 0.01) and the tilting angle to

10.6 ± 3.4 (6.0–17.5) degrees (P = 0.001). TT–TG was sig-

nificantly improved from 17.2 ± 1.2 (15.2–18.8) to

10.1 ± 1.8 (8.8–13.9) mm after surgery (P \ 0.01). No

patient noticed patellar apprehension after surgery, and the

Lysholm and Kujala scores changed from 63.8 (36–80) to 94.7

(75–100), and 67.0 (43–78) to 94.1 (77–100), respectively

(P \ 0.01) (Table 1). Re-dislocation happened in one patient

who hit his knee on the floor while dancing, 2.5 years after

surgery, although no patellar instability was detected from

initial surgery to this injury. It was treated with MPFL recon-

struction. Subsequently, no additional dislocation or patellar

instability was observed.

PF joint space was decreased in the medial joint space

(P = 0.014), suggesting the improvement of patellar

instability, whereas no significant difference was detected

in the lateral, indicating not to progress the PF pressure

after surgery (Fig. 3). The PT index improved from 2.4 to

1.4. Moreover, no arthritic change at the PF joint was

observed by arthroscopy when the screws were removed

almost 1 year after initial surgery.

Discussion

Patella alta is recognized one of the risk factors for

recurrent patellar dislocation and many surgical procedures

have been reported to improve patellar instability.

In 1992, MPFL reconstruction was first reported for the

treatment of recurrent dislocation of the patella [17], and

good, long-term outcomes resulted from anatomical

reconstruction [15, 16]. Recently, MPFL reconstruction has

become common for patellar instability treatment, although

the outcome is not always good due to the uncertain tension

of reconstructed MPFL in cases of patella alta [19, 28].

Additionally, MPFL repair for recurrent patellar disloca-

tion has a significantly higher rate of failure for patella alta

patients [19] and a distal tibial tubercle transfer is recom-

mended for decreasing the IS ratio when patella alta is

found [29].

The distal realignment technique has been reported from

early times. Since Hauser [8] reported the surgical treat-

ment of patellar dislocation by transferring the tibial

tuberosity to a distal realignment in 1938, Elmslie-Trillat

[9], Fulkerson [10], and other surgeons reported that each

new technique achieved a good outcome for preventing

patellar dislocation. Although the Hauser procedure, which

was the medial and distal transfer of the tibial tuberosity,

had the advantage of correcting patella height, it was

reported to have a high incidence of PF OA [14]. Later,

excellent outcomes from the Elmslie-Trillat procedure [30,

31], which was a pure medial transfer of the tibial tuber-

osity, was reported as a useful procedure without incidence

of OA [11]. However, PF arthritic change had developed

during long-term follow-up [13]. The Fulkerson procedure

was also reported as having excellent results by anter-

omedialization of the tibial tuberosity for recurrent patellar

dislocation. However, Tsuda et al. [32] pointed out that

patella alta was the predictor of postoperative patellar

instability after the Fulkerson procedure, and they con-

cluded that the Fulkerson procedure should not be indi-

cated for recurrent patellar dislocation with severe patella

alta. These reports suggest that distal transfer of the tibial

tuberosity might be critical in cases of patella alta to cor-

rect the PF alignment.

The main purpose of this three-dimensional transfer of

the tibial tuberosity is to correct the patella at anatomical

position. This procedure resulted in appropriate radio-

graphic change, not only correcting the patella height (IS

ratio), but also the TT–TG distance, resulting in a good

clinical score. Furthermore, the medial joint space of the

PF was significantly decreased and was similar to the lat-

eral joint space. This indicates patellar instability was

improved after this procedure. Additionally, the PT index,

which was \1.6, got within normal range after surgery.

Although distalization in this surgery involves the possi-

bility of more pressure applied on the PF joint, as in Ha-

user’s procedure, this surgery did not induce PF arthritic

change, according to arthroscopic findings 1 year after

initial surgery. This was because this surgery was per-

formed only for patellar instability with patella alta patients

and induced anterior transfer that Hauser’s procedure did

not. When the IS ratio is \1.2, distalization is not per-

formed and the Elmslie-Trillat procedure is usually indi-

cated instead in our hospital. Re-dislocation happened in

Table 1 Changes in patella position and outcome with surgery

Preoperative Final follow-up P value

FTA (�) 176.7 176.4 NS

IS ratio 1.34 0.95a \0.01

Sulcus angle (�) 151.7 150.1 NS

Tilting angle (�) 22.4 10.6 0.001

TT–TG (mm) 17.2 10.1 \0.01

Lysholm score 63.8 94.7 \0.01

Kujala score 67.0 94.1 \0.01

Patella alta: IS ratio [1.2

Patella subluxation: tilting angle [20�
Trochlear dysplasia: sulcus angle [145�
a Distance to patella ligament attachment before surgery
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one patient who had no patellar instability before his knee

hit the floor. This re-dislocation might not have happened if

the patella had not suffered such a traumatic high-energy

injury.

This study involves some limitations. One is the short

follow-up period of 3.1 years. However, most re-disloca-

tion occurred within the first 2 years after surgery [33], and

we considered that the period in this study was enough to

assess the clinical outcome. The other is the lack of a

control group because there is no gold standard surgery for

patellar instability. In this series, we evaluated the outcome

using several radiographical assessments and clinical

scores, which are generally accepted in the orthopedic

scene. However, further research and follow-up would be

indispensable over time.

In conclusion, even though no gold standard for the

treatment of patellar instability with patella alta is recog-

nized, this proximal and three-dimensional tibial transfer-

ring procedure might be useful for patellar instability with

patella alta.
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23. Ahlbäck S, Mattsson S. Patella alta and gonarthrosis. Acta Radiol

Diagn (Stockh). 1978;19:578–84.

24. Stefanik JJ, Zhu Y, Zumwalt AC, Gross KD, Clancy M, Lynch

JA, Frey Law LA, Lewis CE, Roemer FW, Powers CM, Guer-

mazi A, Felson DT. Association between patella alta and the

prevalence and worsening of structural features of patellofemoral

joint osteoarthritis: the multicenter osteoarthritis study. Arthritis

Care Res (Hoboken). 2010;62:1258–65.

25. Merchant AC, Mercer RL, Jacobsen RH, Cool CR. Roentgeno-

graphic analysis of patellofemoral congruence. J Bone Joint Surg

Am. 1974;56:1391–6.
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