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Abstract

Purpose Excellent results of anteromedialization of the

tibial tuberosity for recurrent patellar dislocation have been

reported; however, the contribution of the preoperative

anatomic factors to postoperative patellar instability has not

been well established. The purpose of this study was to

investigate the mid-term results and the incidence of post-

operative patellar instability after Fulkerson procedure for

recurrent patella dislocation, and to determine the radiologic

predictor of the postoperative patellar instability.

Methods Sixty-two knees of 41 patients underwent

Fulkerson procedure with or without lateral retinacular

release for recurrent patellar dislocation and were fol-

lowed-up for 85–155 months. Predisposing anatomic fac-

tors for recurrent patellar dislocation were evaluated

preoperatively, including valgus knee alignment (femoro-

tibial angle), patella alta (Insall–Salvati ratio), trochlear

dysplasia (trochlear depth), lateral patellar displacement

(congruence angle) and lateral malposition of the tibial

tuberosity (tibial tuberosity-trochlear groove distance). The

relationship between the measurements of anatomic factors

and postoperative patellar instability, which was defined by

the patellar re-dislocation or residual apprehension after

surgery, was analyzed.

Results The Fulkerson score and the Kujala score were

significantly improved from the median of 65 (35–80)

points and 68 (36–82) points preoperatively to 95 (60–100)

points and 92 (57–100) points at the final follow-up,

respectively. Three knees (4.8%) experienced postoperative

patellar re-dislocation and 4 knees (6.5%) showed the

positive apprehension sign at the final follow-up. The sta-

tistical analysis showed that the postoperative patellar

instability correlated with only patella alta.

Conclusion Patella alta was the only predictor of post-

operative patellar instability after Fulkerson procedure.

These results indicated that isolated Fulkerson procedure

should not be indicated for recurrent patellar dislocation

with severe patella alta.

Level of evidence Case–control study, Level III.

Keywords Patellofemoral joint � Recurrent patellar

dislocation � Patella alta � Distal realignment �
Anteromedialization

Introduction

Transfer of the tibial tuberosity has a long history of being

widely recommended as first choice for recurrent patellar

dislocation, and it was supported by clinical investigations

showing that the patellar instability was significantly

associated with the tibial tuberosity-trochlear groove dis-

tance (TT-TG) [13, 31]. Hauser procedure [20], which is

the medial and distal transfer of the tibial tuberosity, has

an advantage of correcting patella height, while the high

incidence of patellofemoral osteoarthritis caused by

simultaneous posterior transfer has been reported [11, 19].

Excellent outcomes of Elmslie-Trillat procedure [5, 42,

45], which is the pure medial transfer, would be expected

for patients without osteoarthritis [35]; however, patel-

lofemoral arthritic change has developed during long-term

follow-up [33]. Fulkerson procedure, which is the com-

bination of medial and anterior transfer, has a biome-

chanical superiority of decreasing the patellofemoral
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contact pressure [6], and the satisfactory results were

obtained for the patients with severe patellofemoral

osteoarthritis [17] and the active older patients with pa-

tellofemoral osteoarthritis [9]. Another concern after tibial

tuberosity transfer is recurrent patellar instability, which

has been reported in the literature to have an incidence

of approximately 10% [5, 31, 39, 42]. Since recurrent

patellar dislocation is multifactorial [31, 37], tibial

tuberosity transfer can directly correct only the lateral

malposition of the tibial tuberosity, and other anatomical

predisposing factors theoretically remain. It remains

questionable whether these curable and incurable aspects

of anatomical pathology affect the postoperative outcome

of recurrent patellar dislocation. For success of the Fulk-

erson procedure, it is important to understand what par-

ticular predisposing anatomic factors have a deleterious

impact on the clinical results.

The purpose of this study was to demonstrate the mid-

term results of Fulkerson procedure for recurrent patellar

dislocation with particular focus on: (1) clinical knee

function and radiologic patellofemoral congruency, (2) the

contribution of the patellofemoral cartilage lesion, (3) the

incidence of postoperative patellar instability with post-

operative re-dislocation or residual patellar apprehension,

and (4) the contribution of predisposing anatomic factors

such as valgus knee alignment, patella alta, trochlear dys-

plasia, lateral displacement of the patella and lateral mal-

position of the tibial tuberosity. It was hypothesized that

successful clinical results could be achieved regardless of

the severity of patellofemoral cartilage lesions, and patella

alta and trochlear dysplasia that were incurable with

Fulkerson procedure would be a radiologic predictor of

postoperative patellar instability.

Materials and methods

The indication for using Fulkerson procedure in our insti-

tute was a knee that fulfilled all the following criteria: (1) a

history of patellar subluxation more than 2 times, which

was defined as an episode of acute anterior knee pain with a

feeling of lateral patellar slipping, or dislocation which was

confirmed with direct or indirect findings in imaging

examinations; (2) residual anterior knee pain or appre-

hension; (3) positive apprehension sign [15] and positive

active patellar subluxation test [22]; (4) over two quadrants

glide in the lateral patellar glide test [25]; (5) lateral shift

and tilt of the patella demonstrated on Merchant axial

radiographs [29]; (6) lateral malposition of the tibial

tuberosity with more than 15 mm of the TT-TG in CT

images; and (7) skeletal maturation with closed physis of

the proximal tibia on MRI [41]. From 1996 to 2002, 90

knees of 57 patients were seen who matched the surgical

indication of Fulkerson procedure (Fig. 1). The exclusion

criteria from this study were (1) a surgical history of the

involved knee, which was not related to the patellofemoral

disorders; (2) concomitant cartilage lesion of the femoro-

tibial joint, meniscus injury or ligament injury; (3) com-

bined proximal realignment surgery except lateral

retinacular release; and (4) less than 7 years of postoper-

ative follow-up. Six patients who had femorotibial cartilage

lesion, medial meniscus injury or anterior cruciate ligament

tear were excluded, while 4 patients with prior MPFL

repair and 1 patient with prior lateral retinacular release

were involved in this study. In our institute at that time,

Fulkerson procedure was the first choice surgery for

recurrent patellar dislocation which fulfilled above-men-

tioned criteria, and therefore all 80 knees of 51 patients

who matched the surgical criteria were treated with Fulk-

erson procedure with or without lateral retinacular release.

The study design was approved by the ethics committee in

our institution (registration number 20-11-013), and all 51

patients provided informed consent to participate in this

prospective study.

Fig. 1 Flowchart illustrating the process for inclusion and exclusion

of the patients, and assignment based on the patellofemoral cartilage

lesion and the postoperative recurrence of patellar instability
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Preoperative radiologic evaluation

The predisposing anatomic factors were quantitatively

assessed by measuring the following radiologic indicators

on anteroposterior, lateral and axial radiographs and CT

images obtained preoperatively: (1) femorotibial angle

consisting of the distal femoral axis and the proximal tibial

axis for detecting valgus knee alignment; (2) Insall–Salvati

ratio (ISR) for detecting patella alta [23]; (3) trochlear depth

for detecting trochlear dysplasia [13] (Fig. 2); (4) congru-

ence angle on the Merchant view for detecting lateral dis-

placement of the patella [29] (Fig. 3); and (5) TT-TG on

superimposed CT images for detecting lateral malposition of

the tibial tuberosity [13] (Fig. 4). In addition, the minimum

distance of patellofemoral joint space was measured on

skyline view of axial radiographs for assessing the devel-

opment of patellofemoral osteoarthritis [24]. The medial-

ization distance to normalize the TT-TG to 10–15 mm was

estimated from the CT measurements. All radiologic mea-

surements were performed on a digital radiography system

(FCR, Fujifilm Medical Co Ltd, Tokyo, Japan), and the

intraclass correlation coefficient calculated for the reliability

of measurement was between 0.84 and 0.96 for all radiologic

indicators.

Surgery

After induction of general anesthesia, the lateral patellar

glide test, the medial patellar glide test and the passive

patellar tilt test were performed to examine the patellofe-

moral passive stabilizers [25]. Either a medial patella glide

of one quadrant or less, or inability to lift the transverse axis

of the patella beyond the horizontal required adding lateral

Fig. 2 Measurement of the trochlear depth. The trochlea depth was

the distance from the floor of trochlea (B) to the most anterior

condylar contour line (A) along a line subtended 15 degrees distal

from the perpendicular that intersected the tangent of the posterior

femoral cortex and the most proximal portion of the posterior femoral

condyles

Fig. 3 Measurement of the congruence angle (CA). The CA was

defined as the angle between the line bisecting the sulcus angle and

the line through the apex of sulcus angle and the central ridge of

patella

Fig. 4 Measurement of the tibial tuberosity-trochlear groove distance

(TT-TG) using the superimposed femoral and tibial CT images. The

TT-TG was the separate distance between 2 parallel lines, which were

one line passing through the center of tibial tuberosity and another

passing through line at the bottom of the trochlear groove perpen-

dicular to the posterior condylar line
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retinacular release in 56 knees (90.3%) to treat the over-

tightened lateral soft tissue. The cartilage lesion was

arthroscopically classified using the International Cartilage

Repair Society (ICRS) articular cartilage injury classifica-

tion (http://www.cartilage.org). Fulkerson procedure was

performed according to the techniques described by Fulk-

erson [16] with some modifications: (1) a transverse skin

incision of approximately 5 cm was made on the distal edge

of the tibial tuberosity to preserve the infrapatellar branch of

the saphenous nerve [30]; (2) 2 Kirschner wires were used

as the osteotomy guide to minimize a risk of injury to the

anterior tibial vessels and the peroneal nerve; (3) the tibial

tuberosity was anteromedially transferred so that the med-

ialization estimated from the preoperative CT images was

achieved; and (4) the cancellous bone harvested from the

lateral tibial plateau was grafted beside the medial osteot-

omy site to promote earlier bone-to-bone healing. After

fixation with 2 bicortical screws, the medialization distance

of the lateral cortex of the tibial tuberosity was measured on

the coronal plane the site of maximum distance, and the

average and SD were 13.5 ± 3.2 (10–22) mm.

Rehabilitation

The range of motion exercise with a continuous passive

motion machine and isometric quadriceps exercise was

started from the day after surgery. Partial weight-bearing

gait with a knee extension brace was allowed as the patient

tolerated, and full weight-bearing gait was permitted after

2 weeks. Aggressive quadriceps and hamstrings muscle

exercise was added after 8 weeks or more. Running and

full sports activities were permitted after 3 and 6 months,

respectively.

Outcome evaluation

Overall knee function was evaluated with the Fulkerson

score [17] and the Kujala score [26]. The Knee Injury and

Osteoarthritis Outcome Score (KOOS) was used for a

patient-administered assessment [34]. Radiographic mea-

surements of the congruence angle, the ISR and the mini-

mum distance of patellofemoral joint space were followed

postoperatively. Postoperative patellar instability, which

was defined by the presence of patellar re-dislocation or

positive apprehension sign during the follow-up period, was

investigated. In knees which required revision surgery for

recurrent patellar instability, the data obtained just before the

revision surgery were used as the data at the final follow-up.

Statistical analysis

The Fulkerson score and the Kujala score were compared

between preoperative and at the final follow-up using the

Wilcoxon signed rank test. The change in the congruence

angle, the ISR and the minimum patellofemoral joint space

were analyzed using the repeated measure ANOVA. Based

on the most advanced cartilage lesion, the patients were

divided into the group with ICRS 0, 1 or 2 lesion (ICRS

0-1-2 group) and the group with ICRS 3 or 4 lesion (ICRS

3-4 group). The Fulkerson score, the Kujala score and the

KOOS were compared between the 2 groups using the

Mann–Whitney U test. Also, the patients were divided into

the recurrent group and the non-recurrent group based on

the presence of postoperative patellar instability. The

Fulkerson score, the Kujala score, the KOOS and the

preoperative radiologic indicators were compared between

the 2 groups using the Mann–Whitney U test. Logistic

regression analysis was performed with the presence of

postoperative patellar instability as the dependent variable

and the preoperative radiologic indicators as the indepen-

dent variables. Our power analysis showed that the smallest

study population in each group was 7 for more than 90% of

statistical power if there was a difference of 2 mm with a

SD of 1 mm in the TT-TG, or a difference of 0.10 with a

SD of 0.05 in the ISR. All analyses were performed using

SPSS version 16.0 software (SPSS Inc, Chicago, Illinois),

with a significant level of 0.05.

Results

Two patients who underwent Avikainen adductor magnus

tenodesis [4] combined with Fulkerson procedure were

excluded from the study and another 8 patients were lost to

follow-up. Consequently, 62 knees (77.5%) of 41 patients

(80.3%) consisting of 33 females and 8 males were fol-

lowed-up more than 7 years postoperatively and were

involved in the data analysis. The average age at surgery

was 20 ± 7 (12–42) years, and the average follow-up

period was 115 ± 20 (85–155) months.

In the preoperative evaluation, the average value of each

radiologic indicator was 176 ± 2 (172–181) degrees for

the femorotibial angle (Fig. 5a), 1.23 ± 0.11 (0.93–1.47)

for the ISR (Fig. 5b), 2 ± 2 (0–7) mm for the trochlear

depth (Fig. 5c), 23 ± 13 (0–60) degrees for the congruence

angle (Fig. 5d) and 23 ± 4 (15–33) mm for the TT-TG

(Fig. 5e). All 62 knees showed the positive crossing sign,

and there were 16 knees in type A, 34 knees in type B,

9 knees in type C and 3 knees in type D [12]. Under

arthroscopic examination, cartilage lesions were observed

in 44 knees (71.0%; Table 1), and 51 knees of 31 patients

and 11 knees of 10 patients were assigned into the ICRS

0-1-2 group and the ICRS 3-4 group, respectively.

The Fulkerson score and the Kujala score were signifi-

cantly improved at the final follow-up compared to the

preoperative value (Table 2). The excellent (100–95), very
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good (94–90), good (89–80), fair (79–70) and poor (less

than 70) grade in the postoperative Fulkerson score

accounted for 53.7, 26.8, 9.8, 2.4 and 7.3%, respectively.

The KOOS at the final follow-up was 95 ± 9 points for

pain, 94 ± 9 points for symptoms, 97 ± 6 points for

activities of daily living, 91 ± 15 points for sport and

recreation function, and 89 ± 15 points for knee-related

quality of life. The congruence angle was significantly

decreased from 23 ± 13 degrees preoperatively to 0 ± 13

degrees at the 1-year postoperative follow-up (P \ 0.001)

and 1 ± 13 degrees at the final follow-up (P \ 0.001). The

ISR was significantly decreased from 1.23 ± 0.11 preop-

eratively to 1.17 ± 0.13 at the 1-year postoperative follow-

up (P \ 0.001) and 1.17 ± 0.13 at the final follow-up

(P \ 0.001). The minimum distance of patellofemoral joint

space was 5 ± 2 mm preoperatively, 5 ± 2 at the 1-year

postoperative follow-up and 5 ± 2 at the final follow-up,

representing no significant difference.

The Fulkerson score and the Kujala score at the final

follow-up were not different between the ICRS 0-1-2 group

and the ICRS 3-4 group (Table 2). In the KOOS, signifi-

cant difference was detected only in knee-related quality of

life between 93 ± 8 points for the ICRS 0-1-2 group and

78 ± 15 points for the ICRS 3-4 group (P = 0.014).

Three knees (4.8%) experienced postoperative patellar

re-dislocation, which was diagnosed with direct or indirect

findings in imaging examinations, 4 knees (6.5%) showed a

positive apprehension sign during the follow-up, and they

were assigned into the recurrent group. At the final follow-

up, the Fulkerson score and the Kujala score for the recurrent

group were significantly lower compared to those for the

non-recurrent group, respectively (Table 2). In the KOOS,

Fig. 5 The histograms of the

radiologic indicators for the

predisposing anatomical factors:

a femorotibial angle, b Insall–

Salvati ratio, c trochlear depth,

d congruence angle, and e tibial

tuberosity-trochlear groove

distance (TT-TG). The solid and

dotted lines in the histograms

indicate the values of average

minus 1 SD and average plus 1

SD, respectively

Table 1 Location of patellofemoral cartilage lesion (knees)

ICRS

classification

Patella Trochlear

groove
Medial

facet

Central

ridge

Lateral

facet

1 3 19 – 11

2 7 14 – 6

3 3 5 – 3

4 5 6 4 –
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significant difference was detected in sport and recreation

function (97 ± 4 points for the recurrent group vs. 73 ± 22

points for the non-recurrent group, P = 0.010) and in knee-

related quality of life (94 ± 7 points for the recurrent group

vs. 76 ± 14 points for the non-recurrent group, P = 0.003).

In the comparison of predisposing anatomic factors between

the recurrent and non-recurrent group, significant difference

was detected in only the ISR (P = 0.002; Table 3). The

logistic regression analysis also showed that only the ISR

statistically correlated with the recurrence of the patellar

instability after Fulkerson procedure (P = 0.009; Table 4).

The increase by 0.1 in the ISR elevated the risk of the post-

operative patellar instability by 6.8 times.

Two of 3 knees with postoperative patellar re-disloca-

tion underwent MPFL reconstruction as revision surgery.

One knee with nonunion of the osteotomy site received a

revision surgery of the screw fixation with a cancellous

bone graft. No patients had other surgical complications of

superficial or deep infection, neurovascular injury, deep

venous thrombosis or joint contracture.

Discussion

The most important findings of the present study were (1)

good clinical results with the improved knee functional

scores and the corrected patellofemoral congruency at the

final follow-up, (2) no deteriorative effect of the advanced

cartilage lesion in the preoperative patellofemoral joint on

the knee functional scores, (3) the incidence of 11.3% for

postoperative patellar instability, and (4) increased risk of

the postoperative patellar instability in the knees with the

larger ISR.

In this study, 90.3% of patients were rated as excellent

to good in the Fulkerson score at the final follow-up, and it

was close to previously reported results of 88.5 and 86.1%,

which are results of studies using the same surgical tech-

niques and evaluation scale [8, 17]. The radiologic evalu-

ation showed that the corrected congruence angle was

preserved in an equal range from 1 year postoperatively to

the final follow-up. The Fulkerson score and the Kujala

score in the ICRS 3-4 group were not significantly different

from those in the ICRS 0-1-2 group, supporting the similar

results in the previous reports [8, 17]. No significant

change in the patellofemoral joint space could reflect the

unloading effect of anteromedialization on the patellofe-

moral joint [6, 17].

There were 11.3% of knees associated with postoperative

patellar instability during an average follow-up of

115 months. The result was comparable to the 8.6–15.2%

recurrent instability rate after the modified Elmslie-Trillat

procedure [5, 31, 39, 42] and the modified Fulkerson pro-

cedure [1], although the definitions of postoperatively

recurrent instability varied. The statistical analysis partially

supported our hypothesis; patella alta was the radiologic

predictor of recurrent patellar instability after the Fulkerson

procedure, while the trochlear dysplasia was not. All 7 knees

that resulted in recurrent patellar instability showed a larger

ISR than the average, and the ISR in 4 of 7 knees were over

the average plus 1 SD. Marcacci et al. [28] reported a sup-

plemental effect of the modified Elmslie-Trillat procedure on

the decrease in patellar height. Also in this study, the ISR was

decreased from 1.35 ± 0.07 preoperatively to 1.31 ± 0.09 at

1 year postoperative follow-up and 1.30 ± 0.07 at the final

follow-up even in the recurrent group (Fig. 6). However,

Table 2 Preoperative and follow-up Fulkerson score and Kujala score

Fulkerson score Kujala score

Preoperative Final follow-up P value Preoperative Final follow-up P value

Total (N = 41) 65 (35–80) 95 (60–100) \0.001 68 (36–82) 92 (57–100) \0.001

ICRS 0-1-2 (N = 31) 65 (35–80) 95 (60–100) \0.001 68 (36–82) 95 (63–100) \0.001

ICRS 3-4 (N = 10) 62 (49–80) 90 (60–100) \0.001 60 (38–82) 90 (57–100) 0.005

P value N.S. N.S. N.S. N.S.

Non-recurrent (N = 34) 65 (35–80) 95 (77–100) \0.001 63 (36–82) 95 (70–100) \0.001

Recurrent (N = 7) 69 (45–75) 85 (60–90) 0.021 63 (43–73) 82 (57–90) N.S.

P value N.S. 0.028 N.S. 0.043

N.S. not significant

Table 3 Comparison of radiologic indicators for predisposing ana-

tomic factors

Recurrent

group

Non-recurrent

group

P value

Femorotibial angle

(degree)

176 ± 1 176 ± 2 N.S.

Insall–Salvati ratio 1.35 ± 0.07 1.22 ± 0.11 0.002

Trochlear depth (mm) 3 ± 3 2 ± 2 N.S.

Congruence angle

(degree)

21 ± 11 24 ± 13 N.S.

TT-TG (mm) 24 ± 4 23 ± 4 N.S.

TT-TG tibial tuberosity-trochlear groove distance, N.S. not significant
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those were still statistically higher compared to 1.16 ± 0.12

at 1 year postoperative follow-up (P = 0.003) and

1.15 ± 0.12 at the final follow-up (P = 0.002) in the non-

recurrent group, respectively (in 2-way ANOVA and

Tukey’s post hoc test). The mismatch between the patellar

joint surface and the trochlear joint surface in a sagittal plane

causes lateral patellar instability [7, 31]. In the knee with

patella alta, the patella glides a longer distance on the flat or

convex surface of the supracondyle and upper trochlear, and

it exposes the patella to a risk of dislocation or subluxation in

a larger range of knee motion. Furthermore, the longer

patellar tendon compromises the effect of the tibial tuberosity

medialization on correcting the quadriceps angle. In contrast,

no statistical correlation was detected between the trochlear

depth and postoperative patellar instability. In this series, the

trochlear depth in 89% of the knees was 4 mm or less, and

this small range of variation might mask the effect of shallow

trochlear grove and cause no statistical correlation with the

postoperative patellar instability.

The question of what surgical procedure is best for the

treatment of recurrent patellar dislocation with patella alta

remains. MPFL reconstruction has an advantage of repro-

ducing the primary restraint against lateral patellar dis-

placement [14, 21, 32, 40], while the single application of

MPFL reconstruction to the knee with patella alta is

questionable. Nomura [36] reported that only 2 of 24

MPFL-reconstructed knees experienced postoperative re-

dislocation or subluxation in the long-term follow-up;

however, the series involved only 1 knee with the ISR more

than 1.25. Arendt [3] specified the patellar height with the

ISR less than 1.2 as one of the indication criteria for iso-

lated MPFL reconstruction. Undesirable distribution of

much more tension into the reconstructed MPFL than the

patellar tendon increases a risk of postoperative extension

lag and quadriceps weakness after MPFL reconstruction for

patella alta [43]. MPFL reconstruction combined with

distalization of the tibial tuberosity was recommended for

the knee with the ISR more than 1.4 [2], whereas no

clinical results have been demonstrated. Theoretically,

distalization of the tibial tuberosity combined with Fulk-

erson procedure is available to normalize the patellar

height and to correct the patellofemoral alignment and was

recommended as a good long-lasting surgical solution with

successful clinical results [10, 38, 44]. From the results of

this study, it is suggested that isolated Fulkerson procedure

should be avoided and combined distal transfer is recom-

mended in cases of patella alta with ISR of 1.30 or more.

Careful patient selection based on precise preoperative

examinations could potentially improve the surgical out-

comes by reducing the risk of postoperative patellar

instability after Fulkerson procedure for recurrent patellar

dislocation.

We note several limitations to our study. The muscular

function to control the knee and hip joints plays an

important role for stabilizing the patella [18, 27]; however,

it was not examined. A lack of postoperative CT images

made it difficult to analyze the effect of medialization

distance on postoperative instability. The clinical evalua-

tion at the final follow-up was performed by only 1 author,

who did not have the detailed data of the preoperative

radiologic measurements but could obtain the surgical

information, and it potentially introduced a degree of bias.

Conclusion

In summary, the mid-term clinical study demonstrated that

most patients with recurrent patellar dislocation gained

successful knee function after Fulkerson procedure with or

without lateral retinacular release. However, postoperative

patellar instability was present in 11.3% of knees and

statistically correlated with the magnitude of patella alta.

The patient who is treated with Fulkerson procedure should

be strictly selected based on the predisposing anatomic

factors of patellar instability with a special focus on the

patella height. Single application of Fulkerson procedure

for recurrent patellar dislocation with severe patella alta

increases the risk of postoperative patellar instability.

Table 4 Results of logistic regression analysis

Odds

ratio

95% confidence

interval

P value

Femorotibial angle (degree) 0.752 0.409–1.381 N.S.

Insall–Salvati ratio (910) 6.830 1.682–28.647 0.009

Trochlear depth (mm) 0.787 0.478–1.294 N.S.

Congruence angle (degree) 0.997 0.926–1.073 N.S.

TT-TG (mm) 1.244 0.911–1.697 N.S.

TT-TG tibial tuberosity-trochlear groove distance, N.S. not significant

Fig. 6 Change in the Insall–Salvati ratio (ISR). The ISR in the

recurrent group was significantly higher compared to the non-

recurrent group preoperatively (Preop.), at postoperative 1 year

(Postop. 1Y) and at the final follow-up (Final F/U)
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