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Background: Medial patellofemoral ligament reconstruction (MPFLR) is widely used to treat patellofemoral instability. However,
it is still unclear when a concomitant bony procedure is needed.

Purpose: To evaluate the therapeutic efficacy of isolated MPFLR for recurrent patellar lateral dislocation and to identify the
prognostic factors for clinical outcomes.

Study Design: Case series; Level of evidence, 4.

Methods: A total of 237 patients who had undergone unilateral isolated MPFLR between January 2011 and December 2016 were
included. Patellar tracking (J sign) and radiologic information including patellar height, trochlear dysplasia, tibial tubercle–trochlear
groove distance, and patellar tilt was collected preoperatively, and the Kujala and International Knee Documentation Committee
(IKDC) functional scores were used to assess postoperative recovery. Failure was defined as redislocation or patient-reported and
clinically confirmed patellar instability. The influence of radiologic features and the J sign on knee functional scores was explored
via subgroup analysis. Potential prognostic factors were explored using univariate and multivariate regression analyses, and risk
factors for a positive J sign were evaluated using Spearman coefficient correlation analysis.

Results: The mean ± SD follow-up period was 70.67 ± 18.05 months (range, 36-108 months). From preoperatively to final follow-
up, all patients had statistically and clinically significant improvements in the Kujala score (from 51.43 ± 6.87 to 88.52 ± 4.83; P <
.001) and IKDC score (from 49.78 ± 6.05 to 81.16 ± 4.20; P < .001). Subgroup analysis indicated no significant difference in
functional score improvements based on radiologic features or the J sign. Overall, 20 knees (8.4%) experienced postoperative
failure: 11 with redislocation and 9 with patellar instability. A preoperative positive J sign was shown to be an independent
prognostic factor for postoperative failure via logistic regression analyses: univariate (odds ratio, 3.340; 95% CI, 1.316-8.480; P ¼
.011) and multivariate (odds ratio, 3.038; 95% CI, 1.179-7.827; P¼ .021). In addition, the J sign was closely associated with patellar
height (rS, 0.159; P ¼ .014) and trochlear dysplasia (rS, 0.235; P < .001).

Conclusion: Isolated MPFLR appears to be an effective strategy for recurrent patellar lateral dislocation, with significant functional
improvement and a low failure rate. A preoperative positive J sign was identified as a potential prognostic risk factor for post-
operative failure.
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Recurrent patellar lateral dislocation, a common knee injury
in adolescents,6,10 is a multifactorial issue that includes soft
tissue imbalance and bony pathoanatomy.38 Specifically,

medial retinacular deficiency, trochlear dysplasia, tibia tuber-
cle lateralization, and patella alta are commonly recognized
pathologic factors.33 Recurrent patellar instability seriously
influences quality of life and makes patients prone to develop-
ing osteoarthritis if they do not receive effective treatment.4,35

To date, there are >100 operative treatment methods for
patellar instability. Unfortunately, no single technique can
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treat this condition faultlessly.19 In 2016, a therapy algo-
rithm for patellofemoral instability (PFI) was proposed, in
which medial patellofemoral ligament (MPFL) reconstruc-
tion (MPFLR), tibial tubercle transfer, trochleoplasty, and
lateral retinacular release were suggested alone or com-
bined after comprehensive consideration of the tibial tuber-
cle–trochlear groove (TT-TG), Caton-Deschamps index,
trochlear dysplasia phenotype, and patellar tilt extent.41

Unfortunately, although we have realized that these bony
pathoanatomies are etiologic factors for patellar instability
and may be risk factors that influence clinical outcomes,
when and how to accurately manage these factors is still
unclear.36 Additionally, the complications of osseous surgi-
cal techniques, such as the potential risk of nonunion
brought by tibial tubercle transfer indicated for patients
with a TT-TG >20 mm, make the treatment choices more
challenging.20 Meanwhile, trochleoplasty, a technique sug-
gested for trochlear dysplasia B or D, increases the risk
of developing secondary osteoarthritis at long-term
follow-up.27

MPFLR has become the most practical means for treat-
ing knee instability, and it has been frequently used for its
ideal outcomes and relatively low rate of complications.30

The majority of researchers have concluded that MPFLR
alone could achieve reliable outcomes even in patients
with bony deformity,2,3,8,9,13,18,39 while others believe
that it may be insufficient with isolated soft tissue sur-
gery.1,14,34 However, no consensus has been reached con-
cerning when a concomitant bony procedure should be
added to strengthen the MPFLR. This is supported by the
International Association for the Treatment of the Patel-
lofemoral Joint and the Society for Arthroscopy and Joint
Surgery Knee-Patellofemoral Committee.12,19,25 There-
fore, it is important to verify the clinical outcomes of iso-
lated MPFLR and identify any risk factors that can
influence outcomes, which will facilitate treatment deci-
sion making for patellar instability.

Previous researchers have demonstrated satisfactory
short-term clinical results of isolated MPFLR in select
populations.30 Specifically, some studies24,26 have excluded
patella alta, increased TT-TG, and severe trochlear dyspla-
sia in their study populations. This may not comprehen-
sively represent the actual characteristics of the majority
of patients with recurrent patellar dislocation because
these are common characteristics with PFI.16 For example,
Dejour et al5 demonstrated that >90% of patients with PFI
had femoral trochlear dysplasia. It is thus important to
investigate the clinical outcomes of MPFLR in these popu-
lations with patellar instability.

The purpose of this study was to summarize and report
the clinical outcomes in patients with recurrent patellar

lateral dislocation treated using isolated MPFLR, irrespec-
tive of possible concomitant bony deformity, and to explore
the potential predictive factors for clinical outcomes,
including postoperative failure and knee functional score
improvement.

METHODS

This study was approved by an institutional review board,
and all participants provided informed consent.

Participants

Patients who were diagnosed with recurrent patellar lat-
eral dislocation and underwent surgery in our department
between January 1, 2011, and December 30, 2016, were
included. The inclusion criteria were as follows: (1) a his-
tory of PFI with >2 lateral patellar dislocations and failure
of normative nonoperative treatment, including bracing
and strengthening; (2) a positive patellar apprehension
sign; and (3) no radiographic appearance of patellofemoral
joint osteoarthritis. The corresponding exclusion criteria
were as follows: (1) previous patellofemoral realignment
procedure (bony or soft tissue); (2) concomitant serious lig-
amentous knee injury, such as anterior cruciate ligament
injury; (3) severe miserable malalignment syndrome
(inward version of patella); (4) incomplete clinical, radio-
logic, or operative data; (5) concomitant osteochondral
injury that exceeds Outerbridge level 4; and (6) habitual
dislocation (patella commonly dislocates when knee flexion
exceeds 90� and cannot slide back into the trochlear groove
during the whole process of knee deep flexion).

On the basis of these criteria, 237 patients who received
unilateral isolated MPFLR were recruited from the original
283 patients. Of that total, 46 patients were excluded: 8
experienced concurrent anterior cruciate ligament injury;
8 had received previous realignment procedures; 6 had mis-
erable malalignment syndrome; 6 had level 4 osteochondral
injury; and 18 were unable to be contacted. Patients were
followed up for a minimum of 3 years postoperatively with a
mean ± SD follow-up of 70.67 ± 18.05 months (range, 36-108
months).

Clinical Assessment and Follow-up

Basic patient characteristics including sex, occupation, age
at surgery, and body mass index were recorded. Related
PFI characteristics such as the involved knee side and cor-
responding mechanism were also collected. Kujala func-
tional scores and the International Knee Documentation
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Committee (IKDC) form were used to evaluate the clinical
outcomes. These rating scales were completed preopera-
tively and served as basic data.

Clinical examination included an apprehension test,
patellar tilt, and abnormality in patellar tracking (positive
J sign). The J sign was marked positive when there was a
sudden or obvious lateral patellar shift in knee motion of
terminal extension.

Radiographic features predisposing patients to PFI
include trochlear phenotype per the Dejour classification,
patellar height based on the Caton-Deschamps index,
degree of patellar tilt, and TT-TG distance. Radiographs,
magnetic resonance imaging scans, or computed tomogra-
phy scans were obtained for all patients preoperatively.
Specifically, trochlear dysplasia was classified as normal
or Dejour types A, B, C, and D. The TT-TG distance was
measured on a computed tomography scan, and >20 mm
was considered elevated. Patellar height was characterized
via the Caton-Deschamps ratio in strict lateral radio-
graphs, and >1.2 was recorded as patella alta. Patellar tilt
was measured on transverse sections of computed tomog-
raphy images according to previously published methods,16

and �20� was marked as excessive tilt.
Patients were evaluated at the outpatient clinic postop-

eratively at 6 weeks, 3 and 6 months, and then annually.
Postoperative complications, such as knee joint stiffness,
patellar redislocation or subluxation, and complex regional
pain syndrome, were recorded. Postoperative failure was
defined as redislocation or patient-reported and clinically
confirmed patellar instability.

Surgical Technique

All surgical procedures were accomplished using the same
methods by 2 senior sports medicine specialists who had
strict training and were all skilled in solving PFI problems.
With the patient in the supine position and the epidural
anesthesia finished, a tourniquet was applied to the thigh
to facilitate operative visualization. A comprehensive diag-
nostic arthroscopy was first performed using standard por-
tals to discover and address any possible concomitant

injuries, such as osteochondral injury and loose bodies. The
patellofemoral kinematics trajectory was evaluated care-
fully and dynamically under arthroscopy. An ipsilateral
autogenous semitendinosus was then harvested and pre-
pared to obtain a tendon with sufficient strength for
reconstruction.

The patella was approached through a 2.5-cm longitudinal
incision. Two superficial bony grooves were created in the
center and upper thirds of the patella via an orthopaedic ron-
geur. Two anchors equipped with fiber wires were drilled into
the center and upper thirds of the patella. Subsequently, the
prepared graft was fixed on the patella via the loaded sutures.
A 2-cm incision was made across the medial epicondyle and
adductor tubercle to locate the femoral checkpoint of the
MPFL. A guide pin was placed in the border area and drilled
toward the lateral femoral cortex and skin. The locating point
was verified using fluoroscopy,31 followed by drilling with an
auger with equivalent diameter to the transplant graft to
obtain enough depth. Once the location was finished, the ends
of the graft were passed from the patellar incision to the
medial femoral epicondyle incision through the artificial tun-
nel between the capsule and deep fascia. Then, the graft was
pulled into the femoral tunnel under full extension condi-
tions. To accommodate the reconstructed tendon, the knee
was moved from extension to full flexion several times. The
graft tension was modulated according to the kinematics tra-
jectory of the patellofemoral evaluation under arthroscopy.
Eventually, an interference screw was used to fix the graft
with the knee in 30� of flexion. Then, the wound was closed
layer by layer (Figure 1).

Rehabilitation

Rehabilitation protocols were as follows. The involved leg
was placed into a hinged knee brace equipped with a corre-
sponding patellofemoral stabilizing subassembly. Then, the
brace was set to obtain a range of motion from 0� to 30� for
the 3 weeks after surgery. Meanwhile, the patient was
allowed partial weightbearing with the aid of crutches. Full
weightbearing and full range of motion were allowed at 6
weeks after surgery. Isometric quadriceps exercises were

Figure 1. (A) Schematic diagram of double-bundle reconstruction of the medial patellofemoral ligament. (B) Preoperative radio-
graph shows patellar dislocation in the right knee. (C, D) Postoperative posteroanterior and lateral radiographs of the right knee.
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encouraged from the end of the operation and throughout
the whole rehabilitation recovery process. Eight weeks
after surgery, patients were advised to substitute the brace
with a knee pad to protect the patella during rehabilitation
exercises. Two months after surgery, patients were allowed
to participate in daily living activities. Three months post-
operatively, jogging, running, and other functional sports
were permitted. After 6 months, patients could return to
normal sports progressively.

Statistical Analysis

Normality tests were conducted for continuous quantita-
tive data before description and analysis. Means and SDs
were used to describe the normally distributed data, while
medians and ranges were used for nonnormally distributed
data. Categorical variables were described as frequencies
and percentages. The change in Kujala and IKDC scores
from pre- to postoperatively was compared using a paired
t test. Subgroup analysis of functional score evolution based
on classification of the J sign, patellar height, patellar tilt,
TT-TG distance, and trochlear dysplasia was performed
using an independent t test or analysis of variance. A
binary multivariate logistic regression analysis was applied
to examine the potential risk factors associated with post-
operative failure. Initially, considered factors were selected
through a preliminary univariate approach by setting the P
value threshold as 20%. Spearman correlation analysis was
used to explore factors related to a positive J sign. All sta-
tistical analyses were performed using SPSS for Windows
(Standard Version 17.0; IBM Corp). Statistical significance
was defined as a 2-sided P value <.05.

RESULTS

Participants

Among the 237 study participants, female patients
accounted for 62.6%. The median age at surgery was 19
years (range, 13-45 years), with 66.2% aged �18 years and
33.8% aged <18 years. The mean follow-up time was 70.67
± 18.05 months (range, 36-108 months). The baseline demo-
graphic and knee instability data are summarized in
Table 1, and the baseline clinical and radiologic character-
istics are summarized in Table 2.

Clinical Results

At the final follow-up, there was a statistically significant
improvement in Kujala scores between pre- and postoper-
atively (from 51.43 to 88.52; P < .001). Similarly, overall
functional score improvements were observed on the IKDC
(from 49.78 to 81.16; P < .001) (Table 3). More than 80% of
patients achieved preoperative playing levels and returned
to sports activities.

The subgroup analysis suggested no significant differ-
ence in functional score improvement based on radiologic
features (trochlear dysplasia, patellar height, increased
TT-TG distance, and patellar tilt) or the J sign (Table 4).

Failure and Related Risk Factors

At the end of the follow-up, 20 knees (8.4%) experienced
postoperative failure: 9 knees had patient-reported and

TABLE 1
Preoperative Patient and PFI Characteristicsa

No. (%)b

Sex
Male 89 (37.4)
Female 148 (62.6)

Age at surgery, y, median (range) 19 (13-45)
Age group, y
<18 80 (33.8)
�18 157 (66.2)

BMI, mean ± SD 23.90 ± 3.73
Side

Left 125 (52.7)
Right 112 (47.3)

Occupation
Student 159 (67.0)
Soldier 30 (12.7)
Other 48 (20.3)

Injury mechanism
Running 91 (38.4)
Basketball 41 (17.3)
Football 31 (13.1)
Military training 25 (10.5)
Other 49 (20.7)

aBMI, body mass index; PFI, patellofemoral instability.
bData are presented as No. (%) unless otherwise indicated.

TABLE 2
Preoperative Clinical and Radiologic Characteristicsa

No. (%) or Mean ± SD (Range)

J sign
Positive 60 (25.3)
Negative 177 (74.7)

Patellar height, CDI 1.16 ± 0.17 (0.78-1.62)
<1.2 146 (61.6)
�1.2 91 (38.4)

TT-TG distance, mm 14.32 ± 4.73 (4.3-23.4)
<20 203 (85.7)
�20 34 (14.3)

Trochlear dysplasia
Normal 14 (5.9)
Type A 92 (38.8)
Type B 75 (31.6)
Type C 40 (16.9)
Type D 16 (6.8)

Patellar tilt 22.3 ± 4.98 (10.2-39.6)
<20� 81 (34.2)
�20� 156 (65.8)

Follow-up, mo 70.67 ± 18.05 (36-108)
Outcome

Failure 20 (8.4)
Success 217 (91.6)

aCDI, Caton-Deschamps index; TT-TG, tibial tubercle–troch-
lear groove.

4 Zhao et al The Orthopaedic Journal of Sports Medicine



clinically confirmed patellar instability, and 11 had patellar
redislocation in sports activities or military training after a
mean 3 years postoperatively (2-5 years). The causes for
redislocation were posttraumatic, including falling from a
bicycle, running, skiing, and military training. Seven
patients received revision surgery by the initial surgeon,
and 4 received therapy in another hospital. For patients
with recurrent PFI, after comprehensive evaluation and
detailed communication, all chose muscle functional exer-
cises to strengthen the stability of the knee.

The results from the univariate logistic regression anal-
ysis (Table 5) indicated that the odds of postoperative fail-
ure increased with a positive preoperative J sign (odds ratio
[OR], 3.340; 95% CI, 1.316-8.480; P ¼ .011). Postoperative
failure was not affected by patient characteristics (sex, age
group, laterality) or by preoperative radiologic features.

According to the presupposed threshold of 20%, J sign
and patellar height were incorporated into a multivariate
logistic analysis model. The results, shown in Table 6, indi-
cated that the J sign (OR, 3.038; P ¼ .021) is a potential
independent prognostic factor for postoperative failure,

TABLE 3
Comparison of Pre- and Postoperative Knee

Functional Scoresa

Score, Mean ± SD

Preoperative
Final

Follow-up
t

Value
P

Valueb

Kujala 51.43 ± 6.87 88.52 ± 4.83 –89.75 <.001
Functional IKDC 49.78 ± 6.05 81.16 ± 4.20 –80.6 <.001

aIKDC, International Knee Documentation Committee.
bP < .05 for each comparison.

TABLE 4
Analysis of Variables Influencing Changes

in Functional Scoresa

Variable D Kujalab D IKDCc

J sign
Positive 36.27 ± 4.58 31.67 ± 4.27
Negative 37.25 ± 6.84 32.24 ± 6.02
t value (P value) 1.041 (.299) 0.678 (.498)

Patellar height, CDI
<1.2 36.93 ± 6.02 31.84 ± 5.04
�1.2 37.13 ± 6.89 32.35 ± 5.92
t value (P value) –0.244 (.808) –0.891 (.374)

Patellar tilt
<20� 37.96 ± 6.24 32.58 ± 5.22
�20� 36.51 ± 6.37 31.84 ± 5.82
t value (P value) 1.681 (.094) 0.961 (.338)

TT-TG distance, mm
<20 37.11 ± 6.62 32.17 ± 5.78
�20 36.35 ± 4.46 31.65 ± 4.63
t value (P value) 0.645 (.519) 0.498 (.619)

Trochlear dysplasia
Normal 35.57 ± 9.17 29.86 ± 8.67
Type A 36.77 ± 6.14 32.08 ± 5.68
Type B 37.89 ± 5.83 32.07 ± 4.63
Type C 37.35 ± 6.11 33.60 ± 5.22
Type D 36.56 ± 7.45 30.50 ± 6.87
F value (P value) 1.201 (.311) 1.608 (.173)

aCDI, Caton-Deschamps index; IKDC, International Knee Doc-
umentation Committee; TT-TG, tibial tubercle–trochlear groove.

bChange in Kujala score between preoperatively and final
follow-up.

cChange in IKDC score between preoperatively and final
follow-up.

TABLE 5
Univariate Logistic Analysis of Risk Factors

for Postoperative Failurea

Risk Factor

No. of Patients

P Value OR (95% CI)Total Success Failure

Sex .468 1.445 (0.534-3.908)
Male 89 83 6
Female 148 134 14

Age group, y .390 1.585 (0.554-4.528)
�18 157 142 15
<18 80 75 5

Affected side .797 1.127 (0.451-2.818)
Left 125 115 10
Right 112 102 10

J sign .011b 3.340 (1.316-8.480)
Negative 177 167 10
Positive 60 50 10

Patellar height, CDI .117 2.093 (0.832-5.268)
<1.2 146 137 9
�1.2 91 80 11

TT-TG distance, mm
<20 203 185 18 .565 0.642 (0.142-2.903)
�20 34 32 2

Patellar tilt .935 0.961 (0.368-2.512)
<20� 81 74 7
�20� 156 143 13

Trochlear dysplasia
Normal 14 12 2 .330
Type A 92 87 5 .232 0.345 (0.060-1.979)
Type B 75 67 8 .695 0.716 (0.135-3.794)
Type C 40 38 2 .274 0.316 (0.040-2.489)
Type D 16 13 3 .744 1.383 (0.196-9.768)

aCDI, Caton-Deschamps index; OR, odds ratio; TT-TG, tibial
tubercle–trochlear groove.

bP < .05.

TABLE 6
Multivariate Logistic Analysis of Risk Factors

for Postoperative Failurea

Risk Factor B P Value OR (95% CI)

J sign: positive vs negative 1.111 .021b 3.038 (1.179-7.827)
Patellar height: CDI �1.2

vs <1.2
0.989 .237 1.770 (0.687-4.558)

aCDI, Caton-Deschamps index; OR, odds ratio.
bP < .05.
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while patellar height (OR, 1.770; P¼ .237) is not. Spearman
correlation analysis demonstrated no significant associa-
tion between positive J sign and patellar tilt or TT-TG.
However, patellar height (Caton-Deschamps index �1.2)
was significantly associated with a positive J sign
(rS, 0.159; P ¼ .014), as was trochlear dysplasia (rS, 0.235;
P < .001). The results are presented in Table 7.

Complications

Apart from the 20 failure cases, no major postoperative
complications were reported. Eight knee stiffness events
occurred in 8 patients 2 months postoperatively; these were
successfully resolved via joint loosening under local anes-
thesia. No postoperative infection or hematoma was inves-
tigated or reported.

DISCUSSION

The intention of this research was to investigate the clinical
efficacy of isolated MPFLR for recurrent patellar lateral
dislocation and explore the potential risk factors predictive
of postoperative failure and knee functional score improve-
ment. The comprehensive data analysis demonstrated that
isolated MPFLR is an effective procedure for its significant
functional score improvement (Kujala score from 51.43 to
88.52; IKDC from 49.78 to 81.16; P < .001 for both) and low
failure rate (8.4%). More than 80% of patients could achieve
preoperative playing levels and return to sports activities
by the end of the final follow-up. More importantly, the
current study identified 1 possible predictive factor for post-
operative failure (patellar redislocation and PFI occur-
rence): a positive preoperative J sign. Trochlear dysplasia
and patellar height were closely correlated with a positive J
sign.

Patellar instability is a common knee disorder that has
received increasing attention.35 For primary patellar dislo-
cation, conservative treatment is the first-line choice.19 For
recurrent patellar dislocation, however, absolute agree-
ment concerning the standard indications to select corre-
sponding operative methods is still lacking on account of its
inherent complexity.12 Previous studies have shown that
approximately 90% of the MPFL is injured in recurrent
patellar dislocation.22

Based on the current research evidence, the MPFL pro-
vides 50% to 70% of the restraint on patellar outside

movement, especially during the range of initial knee flex-
ion activity of 0� to 30� under physiologic conditions.15

Hence, reconstruction of the MPFL is the integral choice
for PFI.22,27 Nevertheless, as current studies have sug-
gested, multiple pathologic factors contribute to PFI, and
under which conditions osseous operations are needed is
still controversial.12,25 Our study supports the use of iso-
lated MPFLR as a safe and effective technique. This is con-
sistent with the research of Liu et al,18 who demonstrated
satisfactory clinical efficacy of MPFLR even in a population
with PFI and severe trochlear dysplasia. MPFLR, alone or
with tibial tubercle transfer, presents obvious improvement
in knee function, confirming the effectiveness of the
procedure.23

Some studies have pointed out that isolated MPFLR is
insufficient in some cases, such as patella alta.29 From a
comprehensive perspective, although we have discovered
the bony pathoanatomic factors closely related to patellar
instability that may be the risk factors influencing clinical
outcomes, we have not been able to make clear how these
factors influence the therapy outcomes alone or together.
Hence, at present, no explicit cutoff value or threshold
could be proposed to guide accurate surgical strategies.
Under such circumstances, identifying the potential risk
factors that may influence isolated MPFLR is of clinical
significance.

A positive preoperative J sign was identified in our study
as a potential risk factor for postoperative failure after iso-
lated MPFLR, similar to the findings of Sappey-Marinier
et al.29 Further analysis demonstrated that trochlear dys-
plasia and patellar height were significantly correlated
with the J sign. These results remind us of possible J signs
when encountering patella alta and trochlear dysplasia.
The J sign refers to the sudden lateral subluxation of the
patella during the terminal knee extension range of 0� to
30�.32 Although the accurate mechanism of the J sign is not
yet clear, possible correlative factors, such as femoral tor-
sion, excessive patellar tilt, patella alta, and trochlear dys-
plasia, have been reported.7,40 More importantly, some
studies have concluded that the J sign is associated closely
with postoperative outcomes.11,45 In our research, we found
that the postoperative failure risk in patients with a posi-
tive preoperative J sign was higher than that in patients
with a negative J sign. However, the most commonly rec-
ognized risk factors for PFI, such as patella alta, trochlear
dysplasia, and patellar tilt, have not been identified as risk
factors for prognosis.

The discrepancy between radiologic characteristics and
clinical examination findings such as the J sign demon-
strates the clinical value of a comprehensive physical
examination. We speculate that the J sign may represent
a composite effect of various predisposing factors. There-
fore, although the concrete mechanism has not been abso-
lutely elucidated, we should pay attention to it. Zhang
et al44,45 also suggested that a positive J sign brings more
postoperative patellofemoral laxity. With regard to other
risk factors, such as patella alta, perhaps one of them was
insufficient to affect clinical performance. However, when 1
deformity significantly exceeds the normal value or several
of them reach some threshold, their effect may be

TABLE 7
Spearman Correlation Analysis of Factors Influencing

the J Signa

Factor rS P Value

Patellar height 0.159 .014b

Trochlear dysplasia 0.235 <.001b

Patellar tilt –0.010 .877
TT-TG distance –0.045 .495

aTT-TG, tibial tubercle–trochlear groove.
bP < .05.
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prominent. Moreover, in our view, surgical intervention
may compensate for some concomitant bony deformities.
Consider the MPFLR as an example: the mean tensile
strength of the reconstructed MPFL, usually derived from
the semitendinosus tendon, is far stiffer and stronger than
that of the native MPFL, which may compensate for the
predisposing anatomic factors to a certain extent.38 Addi-
tionally, the established full-length femoral tunnel allows
sufficient adjustment of tendon balance. Luceri et al21 dem-
onstrated that MPFLR not only provides a restraint to lat-
eral translation (traditional viewpoint), but also has
potential influence on lowering the patellar height. Given
the point of the issue, successful surgery seems to be more
critical because it may compensate for other potential risk
factors.

The overall failure rate of isolated MPFLR in the current
study was 8.4%, which nearly echoes previous clinical
reports of failure ranging from 1.2% to 6% in a recent sys-
tematic review by Schneider et al.30 Numerous studies
have suggested the efficacy and satisfaction with isolated
MPFLR for patellar dislocation. Nevertheless, most were
comparative studies with selected risk factors that ignored
the natural multifactorial characteristics of this disorder.26

It is therefore necessary for us to take these potential risk
factors into consideration. In our study, we incorporate the
possible risk factors to represent the actual situation as
much as possible. Kujala rating scales with the IKDC, the
most frequently used patient-reported outcomes for patel-
lofemoral disorder, were graded to evaluate the curative
effect. Our preliminary results suggest that increased
TT-TG, patella alta, trochlear phenotype, and patellar tilt
did not significantly influence postoperative knee func-
tional recovery or the failure rate.

Trochlear dysplasia was discovered in 94.1% of patients
in our study population. The noteworthy improvements
between pre- and postoperatively were consistent with the
research results of Liu et al.18 However, Hiemstra et al14

reported that the presence of trochlear dysplasia was asso-
ciated with poorer improvement in functional and quality of
life scores after surgery. The variations among studies may
be attributed to the heterogeneity of the selected population
and evaluation standards. Moreover, insufficient interrater
reliability matters in evaluating the classification of troch-
lear dysplasia owing to its native complexity. Fortunately,
we combined radiologic imaging materials with arthros-
copy to comprehensively evaluate the phenotype, which
may increase the accuracy. Hence, a deeper understanding
and validation of the evaluation system may be beneficial.
Meanwhile, deepening trochleoplasty, in addition to its own
technical challenge, brings a substantial risk profile. In a
recent systematic review, Zaffagnini et al43 concluded that
in a population with recurrent patellar dislocation and
moderate trochlear dysplasia, isolated MPFLR is as effective
as combined MPFLR and trochleoplasty. Moreover, for cases
of severe trochlear dysplasia, although the redislocation rate
is lower in the combined group, the clinical outcomes are
comparable, and the additional trochleoplasty brings a
higher risk of limited postoperative knee range of motion.
Trochleoplasty, based on the current evidence, may be more
suitable as a reserve technology.

Likewise, controversy exists regarding whether
increased TT-TG values influence postoperative outcomes.
Some studies have concluded that an increased TT-TG
brings lower functional scores.37 In contrast, significant
functional scale improvements have been observed in the
population with patellar instability, with increased TT-TG
>20 mm treated using isolated MPFLR.23 Our results sug-
gest that TT-TG does not influence postoperative outcomes;
thus, the procedure of tibial tubercle transfer needs to be
carefully considered. Consensus agreement from the Amer-
ican Orthopaedic Society for Sports Medicine and the Patel-
lofemoral Foundation does not recommend tibial tubercle
medialization as a common strategy for PFI because of lack
of evidence to indicate it as a necessary part of the whole
scheme.25 Performing a tibial tubercle osteotomy adds time
to the procedure and dramatically changes the postopera-
tive recovery. With regard to patella alta, studies have
drawn different results. A recent study conducted by Hiem-
stra et al14 concluded that isolated MPFLR was able to
correct mild patella alta in patients with patellar instabil-
ity.13 The outcomes again demonstrated the possible bene-
ficial effect of MPFLR on other concomitant risk factors.

Currently, risky pathoanatomic factors varying from
trochlear dysplasia and increased TT-TG have gained
increasing attention for their potential role in causing
patellar instability, influencing outcomes after stabiliza-
tion procedures and the predictive value of recurrence rate.
To date, much research evidence has confirmed the impor-
tant role that they may play in the etiology and prognosis of
PFI.25,38 Nevertheless, owing to the native complexity of
various risk factors and possible interplay among factors,42

the specific effect sizes of etiologic factors in the pathology
and prognosis of recurrent patellar instability cannot be
clearly elucidated.19 Meanwhile, the positive effects of var-
ious surgical techniques may offset �1 pathoanatomic fac-
tors, which makes it more difficult to clarify the potential
variable etiology that contributes to postoperative out-
comes. Under such circumstances, a successful surgical
technique may be more important than is any individual
risk factor. Hence, when and how to manage the concomi-
tant bony deformity is still elusive.20 Treating patients with
PFI remains a challenge for surgeons. Therapeutic decision
making is multifactorial, and there are no clear guidelines
for optimal treatment available. Further illumination of
the isolated or composite effect of these risk factors is
required.

There are several limitations in the present study. First,
it is inherently limited because this is a single-center ret-
rospective study, which is more susceptible to confounding
factors. Second, a gold standard control group was not set.
However, based on current evidence, there is still a lack of
an appropriate control group, owing to the diversity and
validity of various techniques for patellar dislocation.
Third, pivotal points of the MPFLR technique, such as the
location of the femoral insertion, play a vital role.17 Never-
theless, the focus of the present study was to explore other
potential factors that may influence the outcomes of iso-
lated MPFLR rather than the technique per se. Fourth, the
stability of the patella and knee function depend on static
and dynamic structures28—for example, the quadriceps,
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especially the internal oblique muscle. The study did not
take this factor into consideration. Meanwhile, owing to the
sample size that was not very large, some potential risk
factors may not have been clarified. Fifth, long-term clini-
cal outcomes and failure events need to be investigated and
reported to obtain more convincing clinical evidence than
that based on short- to medium-term clinical follow-up.

CONCLUSION

Overall, isolated MPFLR appears to be an effective and safe
technical strategy for recurrent patellar lateral dislocation
owing to its significant functional improvement and low
failure rate. A preoperative positive J sign was identified
in our study as a potential prognostic risk factor for post-
operative failure.
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