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Background: Patellar instability is frequently encountered in patients with Ehlers-Danlos syndrome (EDS). The clinical outcomes
of isolated medial patellofemoral ligament reconstruction (MPFLR) for patellar instability in patients with EDS are unknown.

Purpose: To evaluate midterm clinical outcomes of isolated MPFLR for patellar instability in patients with EDS and factors affect-
ing these outcomes.

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

Methods: In a retrospective study, 31 patients (n = 47 knees) with EDS and patellar instability who underwent isolated MPFLR for
recurrent patellar instability between 2008 and 2017 and had a minimum 2-year follow-up were identified. Preoperative radio-
graphic images were measured for anatomic risk factors. Clinical outcomes—including postoperative complications—were eval-
uated. Factors associated with MPFLR failure were identified. Postoperative patient-reported outcomes (PROs)—including the
pediatric version of the International Knee Documentation Committee, the Kujala score, the Hospital for Special Surgery Pediatric
Functional Activity Brief Scale, the Banff Patellofemoral Instability Instrument 2.0, and the Knee injury and Osteoarthritis Outcome
Score—were collected, and factors affecting PRO scores were analyzed.

Results: The mean age of the cohort was 14.9 = 2 years. At a mean follow-up of 7.2 years, 18 of 47 (38.3%) knees required
reoperations, of which 9 of 47 (19.1%) knees required revision stabilization for recurrent patellar instability. Also, 7 of 31 knees
(22.6%) with autografts failed compared with 2 of 16 (12.5%) with allografts (P = .69). For autografts, 6 of 17 (35.3%) failures
occurred with gracilis, but 0 of 13 (0%) occurred with semitendinosus (P = .02). Compared with patients without failures, patients
with failed primary MPFLR were significantly younger (P = .0005) and were able to touch the palm to the floor with their knees
extended (P = .03). For radiographic parameters, the patellar height and tilt were significantly higher in the failure group. The post-
operative PROs were suboptimal at a mean follow-up of 5.2 years. All but 1 patient were satisfied with the final outcome.

Conclusion: At the midterm follow-up, 38.3% of patients with EDS required further surgery after isolated MPFLR for patellar
instability; half of these revisions (19.1%) were to address recurrent instability. Recurrent instability after isolated MPFLR was
more likely in younger patients and those who could touch the palm to the floor with their knees extended. Postoperative
PROs were inferior; nonetheless, patient satisfaction was high.

Keywords: Ehlers-Danlos syndrome; knee; medial patellofemoral ligament reconstruction; patella; pediatric sports medicine

Ehlers-Danlos syndrome (EDS) is a heterogeneous group of The prevalence of EDS is estimated to be 1 in 5000 individ-
connective tissue disorders characterized by joint hyper- uals worldwide.*® The features of EDS are secondary to
mobility, skin hyperextensibility, and tissue fragility.2’ abnormal collagen due to mutations in several different

genes. A Beighton score of >5 out of a possible 9 points is
used to define generalized joint hypermobility and is one
The Orthopaedic Journal of Sports Medicine, 12(6), 23259671241241096 of the major criteria for EDS diagnosis.14’20 The other cri-
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connective tissue disorder; positive family history, muscu-
loskeletal pain/joint instability; and exclusion of other con-
nective tissue disorders, such as rheumatologic conditions
or skeletal dysplasia.?®

Patellar instability is common in children and adoles-
cents with EDS. In a retrospective review of 205 patients
with EDS between the ages of 6 and 19 years old, the
most common site of complaint was the knee, primarily
involving the patella.?® In a survey, 57% of patients with
EDS reported patellar dislocation, and 93% reported gen-
eralized joint pain.! In another survey, 81.5% of patients
with EDS reported knee pain, and 40.7% reported patellar
instability.?” Sheehan et al®*® found significant alterations
in patellofemoral kinematics in the EDS population. The
management of patellar instability in patients with EDS
is challenging because of inherent tissue laxity, and it is
further compounded by the presence of chronic pain, gen-
eralized hyperalgesia, fatigue, muscle weakness, muscle
imbalance, and psychological issues.”28:30:38:42

Medial patellofemoral ligament reconstruction
(MPFLR) is an acceptable treatment option to address
patellar instability in the young population. In a meta-
analysis, the risk of recurrent instability after an isolated
MPFLR was 1.2%, and the reoperation risk was 3.1% in
the normal population.®' Similar encouraging results of
isolated MPFLR have been reported in skeletally imma-
ture patients.3® However, to our knowledge, clinical out-
comes of isolated MPFLR for patellar instability in the
EDS population have not yet been reported.

The purpose of the present study was to evaluate the
demographic and clinical characteristics of patellar dislo-
cation in patients with EDS and report on the midterm
outcomes of isolated MPFLR for patellar stabilization in
this population.

METHODS

Our institutional review board approved the protocol
for this study. As part of a retrospective study, a hospital
surgical database was queried to identify patients who
underwent knee extra-articular ligament reconstruction
(Current Procedural Terminology code 27427) between
2008 and 2017. A total of 532 knees were identified, of
which 510 had MPFLR procedures. The electronic medical
records were reviewed to identify patients with a concomi-
tant EDS diagnosis. Most patients were referred from the
hypermobility/EDS clinic—a specialty clinic within the
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Division of Human Genetics at our institution. A total of 56
knees (n = 37 patients) with EDS were identified, representing
9.4% of all patients who underwent MPFLR during this
period. Of these, 50 knees (n = 34 patients) had a minimum
2-year clinical follow-up. Two patients (n = 2 knees) with
MPFLR and concurrent tibial tubercle osteotomy and 1
patient with vascular EDS were excluded. This formed the
final cohort of 47 knees (n = 31 patients) with EDS who under-
went isolated MPFLR for patellar instability with a minimum
2-year follow-up. IRB waived documented consent require-
ment however verbal consent was collected when patients
were contacted about the one time follow up survey.

The electronic medical records of these patients were
reviewed to determine the demographic factors (age, sex,
laterality, and Beighton score) and any previous treat-
ment. Preoperative radiographs and magnetic resonance
imaging (MRI) were evaluated and measured for 4 ana-
tomic risk factors, including trochlear dysplasia, patellar
height, patellar tilt, and tibial tubercle-trochlear groove
(TT-TG) distance using previously described methods.?®
Trochlear dysplasia was classified as none, low grade
(Dejour type A), or high grade (Dejour types B, C, or
D).!” The patellar height was evaluated on lateral radio-
graphs using the Caton-Deschamp index (CDI), with val-
ues >1.2 indicating patella alta. The patellar tilt was
evaluated on an axial MRI slice, with values >20° consid-
ered abnormal. The TT-TG distance was calculated using
axial MRI slices, with values >20 mm considered abnor-
mal. MRIs were evaluated for assessment of physeal sta-
tus. The patient was considered skeletally mature if any
part of the tibial or femoral physis was closed.®

The indication for surgery was recurrent patellar insta-
bility in all patients. The operative records were reviewed
for MPFL graft type and other concomitant procedures.
Isolated MPFLR was defined as MPFLR with free tendon
graft without any concomitant bony procedures. Patients
with lateral retinacular release and/or chondroplasty
were included. MPFLR was performed using a standard
technique that has been previously described.?® A single
3.5-mm patellar tunnel was created in the superior half
of the patella, and the tendon graft was looped through
the tunnel and over a bone bridge. Both ends of the graft
were whipstitched with a nonabsorbable suture. The
MPFL femoral attachment point was identified using fluo-
roscopy at the Schéttle point.3 This point was moved dis-
tal to the femoral physis in skeletally immature patients.
A 5.5 to 6 mm femoral tunnel was drilled as per the size
of the doubled graft. The graft was passed between layers
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TABLE 1
Previous Surgeries and Associated Procedures®

Previous Surgeries

Associated Procedures During MPFLR

Lateral retinacular release, n = 3

VMO reefing, n = 2

Arthroscopic removal of loose bodies, n = 2
MPFL repair, n = 1

Tibial tubercle osteotomy, n = 1
Synovectomy, n = 1

Total: 10 surgeries in 8 knees

Patellar chondroplasty, n = 13

LFC chondroplasty/pick arthroplasty, n =5
Patellar osteochondral fracture fixation, n = 1
Removal of hardware from previous surgery, n = 1
Lateral retinacular lengthening, n = 1

Lateral meniscus debridement, n = 1

Total: 22 surgeries in 20 knees

“LFC, lateral femoral condyle; MPFL, medial patellofemoral ligament; MPFLR, medial patellofemoral ligament reconstruction; VMO,

vastus medialis obliquus.

2 and 3 on the medial side of the knee and then into the
femoral tunnel. Femoral fixation was performed using an
interference screw with the knee in 45° to 60° of flexion.
Standard postoperative physical therapy protocol was uti-
lized for all patients—including weightbearing as tolerated
with crutches and a knee immobilizer until quadriceps acti-
vation was achieved. Return to full activities was allowed
after 6 months once functional testing was performed.

Any intra- or postoperative complications were noted.
Failure was defined as the need for any subsequent inter-
vention. Patients with recurrent patellar instability after
isolated MPFLR were further analyzed based on age, later-
ality, type of graft, Beighton score, and radiographic
parameters. Intraoperative fluoroscopy images were
reviewed to evaluate the femoral tunnel position.

At the final follow-up, patients were asked to complete
the patient-reported outcomes (PROs)—including the pedi-
atric version of the International Knee Documentation
Committee (Pedi-IKDC), the Kujala score, the Hospital
for Special Surgery Pediatric Functional Activity Brief
Scale (HSS Pedi-FABS), the Banff Patellofemoral Instabil-
ity Instrument 2.0 (BPII), and the Knee injury and Osteo-
arthritis Outcome Score (KOOS). All of these PROs have
been validated in pediatric and adolescent patients.?”
The best possible score for the HSS Pedi-FABS was 30,
and the best possible score for all other PROs was 100.
PROs were collected using the REDCap electronic data
capture system (REDCap), hosted at our institution. PRO
scores were analyzed based on age, laterality, graft type,
and Beighton score. Satisfaction with overall treatment
and final outcome was also assessed at the latest follow-up.

Statistical Analysis

Continuous variables were reported as means with stan-
dard deviations, and comparisons between groups for con-
tinuous variables were performed using the Student ¢ test.
Categorical variables were described as frequencies with
percentages, and comparisons between groups for categor-
ical variables were performed using the Fisher exact test.
P < .05 was considered significant. Statistical analysis
was done using Microsoft Excel (Microsoft; Version 2402).

RESULTS

The mean age of the cohort was 14.9 *= 2 years (range, 11-
19 years). Of the 31 patients included, 27 (87.1%) were
female. Eleven (23.4%) knees were classified as skeletally
immature. The left knee was involved in 9 patients, the
right knee was involved in 6 patients, and 16 patients
(561.6%) had bilateral knee involvement. Also, 8 of 47
(17%) knees had previous surgeries, summarized in Table
1. The mean Beighton score for the cohort was 6.8 * 1.5.
There were 26 patients with a Beighton score of 9 of 9.
For the Beighton score evaluation related to lower extrem-
ities, 32 knees had genu recurvatum >15°, and 26 patients
could place their palms on the floor with their knees
extended.

Preoperative radiographs and MRI showed high-grade
trochlear dysplasia in 20 of 47 (42.6%) knees. The mean
patellar height was 1.3 = 1.2, with 23 of 47 (48.9%) having
a CDI of >1.2. The mean patellar tilt was 18.9° = 7.2°, with
22 of 47 (46.8%) having a tilt of >20°. The mean TT-TG dis-
tance was 13.2 = 5.4 mm, with 6 of 47 (12.8%) having a dis-
tance of >20 mm.

MPFLR was performed using a hamstring allograft (n =
16 knees) or an autograft (n = 31 knees: 17 gracilis, 13 sem-
itendinosus, and 1 quadriceps tendon). The graft choice
was based on shared decision-making between the surgeon
and the patient/family. Twenty knees had concomitant
procedures performed at the time of MPFLR (Table 1).
For the 16 patients with bilateral knee involvement, 3
patients had both knee operations at the same time, and
13 patients had staged surgeries. There were no intraoper-
ative complications. The mean follow-up for the entire
cohort was 7.2 = 3.4 years (range, 2-13 years).

Postoperative complications and unplanned subsequent
surgeries are listed in Tables 2 and 3. The overall number
of knees that required further surgery was 18 of 47
(38.3%), of which 9 of 47 (19.1%) knees had recurrent insta-
bility after MPFLR and required revision stabilization sur-
gery (Table 2). Except for 1 knee, all failures were related
to an atraumatic mechanism of injury. Four knees had
occasional instability episodes; however, these could not
be objectively verified, and patients did not seek further
treatment.
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TABLE 2
Revision Surgeries for Recurrent Instability®

Patient Knee Age, y. mo Sex U/B Graft BS Palm GR No. of Revision Surgeries (Time Since Index Surgery, y)

1 10.2 F B Allo 6 Yes No 1: TTO and LRL (2)

2 10.10 F B Allo 6 Yes Yes 1: TTO and LRL (3)

3 11.3 F B Gr 9 Yes Yes 1: Trochleoplasty and MPFLR using allograft (2)

4 11.7 F B Gr 9 Yes Yes 1: Trochleoplasty and MPFLR using allograft (2)

5 15.7 F U Q 6 No Yes 2: MPFLR using allograft and patellar chondroplasty (1);
trochleoplasty and MPFLR using autograft (5)

6 13.7 M B Gr 7 Yes No 3: OATS to LFC (1); MPFLR using allograft (2);
patellar chondroplasty (3)

7 14.4 M B Gr 7 Yes No 2: MPFLR using allograft (1); patellar chondroplasty (2)

8 12.9 F U Gr 6 Yes Yes 1: MPFLR using allograft (1)

9 15.2 M B Gr 7 Yes No 1: MPFLR using allograft (2)

“Allo, allograft; B, bilateral; BS, Beighton score; F, female; GR, genu recurvatum of involved knee; Gr, gracilis autograft; LFC, lateral
femoral condyle; LRL, lateral retinacular lengthening; M, male; MPFLR, medial patellofemoral ligament reconstruction; OATS, osteoartic-
ular transfer system; Palm, the ability to place the palm on the floor with knees extended; Q, quadriceps tendon autograft; TTO, tibial tuber-
cle osteotomy; U, unilateral.

TABLE 3
Complications and Unplanned Surgeries After Isolated MPFLR,
Excluding Revision Surgeries for Recurrent Instability®

Patient Knee Age,y. mo Sex U/B Graft BS Complications No. of Surgeries (Time Since Index Surgery, y)
1 19 F U ST 9 DVT, wound dehiscence, 2: Wound closure (6 wk); MUA (2 mo)
arthrofibrosis
2 13.10 F B Gr 7 Pain 1: Patellar chondroplasty (9 y)
3 13.10 F B Gr 7 Pain 2: Patellar chondroplasty (9 y); patellar chondroplasty (10 y)
4 14.8 F B ST 5 Pain 1: Saphenous neuroma excision (10 y)
5 17.8 F U Allo 4 Pain 1: Femur interference screw removal (9 mo)
6 16.6 F B Gr 7 Pain 2: Patellar chondroplasty (5 y); patellar chondroplasty (8 y)
7 18.6 F B Gr 7 Pain 1: Patellar chondroplasty (6 y)
8 16.11 F B Allo 8 Deformity 1: Reversal of TTO (6 y)
9 15.6 F B Gr 5 Pain 1: Patellar chondroplasty (2 y)

“Allo, allograft; B, bilateral; BS, Beighton score; DVT, deep venous thrombosis; F, female; Gr, gracilis autograft; MPLFR, medial patello-
femoral ligament reconstruction; MUA, manipulation under anesthesia; ST, semitendinosus autograft; TTO, tibial tubercle osteotomy; U,
unilateral.

Patients with recurrent instability after isolated patients. The femoral attachment point was moved distal

MPFLR who required revision stabilization surgery were
further analyzed (Table 4). These patients were younger
and were able to touch the palm to the floor with their
knees extended (P < .05). There was a trend toward
a higher failure rate in those with bilateral involvement
but it was not statistically significant (p = 0.65). Compared
with allografts, MPFLR with an autograft had a higher
failure rate though it was not statistically significant (p =
0.69). In the autograft failure group, 6 of 17 (35.3%) knees
with gracilis autografts failed, but none of the 13 knees
with semitendinosus autografts failed; this was statisti-
cally signiciant (p = 0.02). For preoperative radiographic
parameters, the patellar height and tilt were significantly
higher in the failure group. Evaluation of intraoperative
fluoroscopy images showed accurate positioning of the fem-
oral tunnel at the Schottle point in all skeletally mature

to the distal femoral physis for skeletally immature
patients. None of the skeletally immature patients had
any growth disturbances at the latest follow-up.
Regarding PROs, 38 of 47 (80.9%) responded at a mean
follow-up of 5.2 + 1.9 years postoperatively. The mean
Pedi-IKDC score was 69.2 = 19.8, the Kujala score was
75 = 20.1, the HSS Pedi-FABS was 5.9 = 6.7, the BPII
2.0 score was 58.8 = 25.1, the KOOS-Pain score was
76.1 = 22,5, the KOOS-Symptoms score was 71.2 =
19.4, the KOOS Activities of Daily Living score was 82.3
+ 21, the KOOS-Sport score was 64.7 + 29.4, and the
KOOS Quality of Life score was 56.5 = 25 (Appendix
Table A2). There were no statistically significant differen-
ces in PROs when compared between subgroups related to
age (<15 or >15 years), knee involvement (unilateral or
bilateral), Beighton score (<7 or >7), or graft type
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TABLE 4
Comparison Between Knees With and Without Revision Stabilization Surgery®

No revision (n = 38 knees) Revision (n = 9 knees) % failed p
Age (y) 154 + 1.8 129 = 1.8 NA p = 0.0005*
Female (n = 27 patients) 21 6 22.2% p=.06
Male (n = 4 patients) 1 3 75%
Unilateral (n=15 patients) 13 2 13.3% p = 0.65
Bilateral (n=16 patients) 12 4 (7 knees) 25%
Beighton Score 6.7+ 15 7+15 NA p = 0.59

L Recurvatum (n=32 knees) 27 5 15.6% p=1

R Recurvatum (n=32 knees) 27 5 15.6%

Palm to Floor (n=26 patients) 18 8 30.8% p = 0.03*
Allograft (n=16 knees) 14 2 12.5% p = 0.69
Autograft (n=31 knees) 24 7 22.6%

Gracilis autograft (n = 17 knees) 11 6 35.3% p = .02%
Semitendinosus autograft (n = 13 knees) 13 0 0
Radiographic Parameters (Knees)

High-grade TD 16 (42.1%) 4 (44.4%) NA p=0.9

CDI 1.2 £ 0.2 1.5+ 0.2 NA p = 0.0002*

Patellar tilt 17.3 + 6.5 25.2 6.9 NA p = 0.002*

TT-TG distance 129 £ 5.7 145 = 3.8 NA p=0.43

“Data are reported as mean * SD, n (%), or No. of knees unless otherwise indicated. Bold P values indicate statistically significant differ-
ences between revision and no revision groups (P < .05). CDI, Caton-Deschamps Index; L, left; R, right; NA, not applicable; TD, trochlear

dysplasia; TT-TG, tibial tubercle—trochlear groove.

(allograft or autograft, gracilis autograft or semitendino-
sus autograft) (Appendix Table Al). All but 1 patient
were satisfied with the final outcome, irrespective of the
need for subsequent surgeries.

DISCUSSION

The most important finding of our study is that isolated
MPFLR can be effective for patellar stabilization in
patients with EDS with a 19.1% recurrent instability
rate at a mean 7-year follow-up. Factors associated with
failure were younger age and ability to place the palm on
the floor with knees extended. There was a trend for higher
failure rates in those with bilateral involvement and with
the use of the gracilis autograft. Another 19.1% required
subsequent surgeries, the most common being patellar
chondroplasty. Thus, the total reoperation rate was
38.3%. Postoperative PROs were suboptimal, but patient
satisfaction was high.

Hiemstra et al'! evaluated the effect of generalized joint
hyperlaxity (GJH) on outcomes after isolated MPFLR for
patellar instability. They found that of 92 patients with
a positive (>4) Beighton score, 3 patients had recurrent
instability, compared with 4 patients with recurrent insta-
bility in 75 patients with a negative (<4) Beighton score.
There was no evidence of a relationship between GJH
and disease-specific quality of life scores or objective func-
tional outcomes, whereas, in our study, there was a signif-
icantly higher rate of recurrent instability and inferior
PROs in patients with EDS. The following variances in
study methodology can explain the difference in outcomes.
First, our cohort represented a consecutive series of

patients with EDS who underwent isolated MPFLR irre-
spective of underlying anatomic risk factors, whereas
Hiemstra et al'! excluded 59 patients from their cohort,
as they had other procedures besides MPFLR for correction
of anatomic risk factors. Second, the mean age of our
cohort was much younger at 14.9 years compared with
24.1 years, and it is well known that younger age is a major
risk factor for patellar instability.!®'® Third, Hiemstra
et al'' did not use a knee-specific outcome instrument
(eg, Kujala or IKDC) for evaluation; thus, it is likely that
their patients may have knee-related limitations, but
they may not have affected their overall quality of life.
Fourth and perhaps most important, patients with EDS
comprise a unique and more complex subset of patients
compared to patients with GJH.

In another study, Howells and Eldridge'? compared the
outcomes of isolated MPFLR in 25 patients with hypermo-
bility (Beighton score, >6) with those of a control group of
50 patients without hypermobility (Beighton score, <4).
There were no recurrent dislocations in either group. The
functional outcome scores were improved in patients with
hypermobility but to a lesser extent than in controls. How-
ever, the follow-up in their study was significantly limited,
with a minimum follow-up of 6 months and a mean follow-
up of 16 months. The higher rate of recurrent instability in
our study could be due to much younger mean age (14.9 vs
25.4 years), longer mean follow-up in our study (5.2 years
vs 16 months), longer minimum follow-up in our study
(2 years vs 6 months), and our distinct group of patients
with EDS. In a 2022 study, Reddy et al?® reported
a 9% recurrent instability rate with the use of allografts
for isolated MPFLR in children and adolescents with
hypermobility.
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The present study sheds light on the graft options for
MPFLR in patients with EDS. Although not statistically
significant, the 22.6% failure rate with autografts (primar-
ily gracilis) was almost double compared with the 12.5%
failure rate with allografts in our cohort. Although
a meta-analysis showed no significant differences between
revision rates for autograft and allograft,** Kumar et al'®
reported 6 of 23 (26.1%) failures in the autograft group
compared with 3 of 36 (8.3%) failures in the allograft group
in 59 adolescent patients at a mean follow-up of 4.1 years
after MPFLR. The authors noted worsening outcomes
with longer follow-ups in the autograft group but not in
the allograft group, possibly because of graft attrition
over time. Similarly, Hendawi et al'® reported on 56 pedi-
atric patients with MPFLR and noted a significantly
higher failure rate (28.6%) in the autograft group com-
pared with no failures in the allograft group at a mean of
13.8 months postoperatively. The authors postulated
smaller graft size and increased laxity in younger patients
as possible reasons for increased failures of autografts in
their series. In a systematic review, the range of failure
rate of autografts (0%-28.6%) was worse than that of allog-
rafts (0%-8.3%).2 The authors concluded that allografts
should be favored over autografts because of lower failure
rate, shorter operative time, and decreased donor-site mor-
bidity. In EDS, tendon elongation is much greater, and ten-
don stiffness is much lower than in controls.2® Clinically,
increased hamstring elasticity and stretch are manifested
by the ability to put the palm on the floor with knees
extended. In the present study, there was a significantly
higher failure rate in patients with EDS who were able
to put their palms on the floor with their knees extended.
In such circumstances where hamstring tendons could
stretch or elongate significantly, strong consideration
should be given to the use of an allograft. If an autograft
is chosen for MPFLR, then consideration should be given
to use the larger semitendinosus tendon instead of the
smaller gracilis tendon as significant higher failure rate
was noted for gracilis autograft in the current study.?

Patients of younger age and with bilateral instability
had higher failure rates of isolated MPFLR in the present
study. This finding is not surprising, as both are known
risk factors for recurrent patellar instability in the non-
EDS population.'®?3 Tissue elasticity and joint hyperlaxity
are more prevalent at a young age and progressively
decrease with increasing age. There is a change in collagen
type with a higher proportion of collagen III compared with
collagen I with increasing age.2* Because of increased joint
laxity at a young age, the cutoff Beighton score for diagno-
sis of GJH in children is 6, decreasing to 5 for adoles-
cents.!* Besides young age, bilateral instability may
suggest associated underlying patellofemoral dysplasia.

There was a high (42.6%) prevalence of high-grade
trochlear dysplasia in our cohort, but it was not statisti-
cally different in the failure group. Trochlear dysplasia
may result from insufficient loading patterns in the patel-
lofemoral joint secondary to hyperlaxity.3® There was a sta-
tistically significant increase in patellar height and tilt in
patients who had failed isolated MPFLR in our cohort. A
cautious approach is warranted when correction of the
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patellar tilt is considered in patients with hyperlaxity, as
lateral retinacular release can lead to iatrogenic medial
instability. The approach of isolated MPFLR for patellar
instability is supported by several studies that have
reported satisfactory results after isolated MPFLR in the
presence of trochlear dysplasia, patella alta, or increased
TT-TG distance 5183141

The family should be counseled about the higher rates of
failure of isolated MPFLR in this subset of patients with
EDS. Once skeletally mature, bony procedures for correcting
underlying dysplasia (eg, tibial tubercle osteotomy or troch-
leoplasty) could be considered, as were performed in 5 of 9
revision surgeries in our cohort. Such procedures are contra-
indicated in younger, skeletally immature patients.

Many of our patients had ongoing pain issues related to
their knees. This finding is similar to a study of 44 patients
with EDS, which reported chronic knee pain in 85% of
patients.*® In another study, 93% of patients with hyper-
mobile EDS had joint pain or arthralgia, and 40% of
patients required some aid for mobility.! Pain is usually
multifactorial and may be influenced by psychological
issues, increased fatigue, muscle imbalance, and muscle
weakness. Patients with EDS can also have associated fibro-
myalgia.2® Besides pain, other potential postoperative com-
plications in the literature include wound healing problems
and infection, which have been reported in 11% and 6% of
patients postoperatively, respectively.*>** Only 1 patient
in the present study had wound dehiscence—due to a fall
on the knee. There were no issues with routine wound heal-
ing or infection in our patients. This is most likely because
of our cohort being restricted to patients with hypermobility
EDS, as wound healing and skin breakdown are issues com-
monly seen with other subtypes of EDS.2° Patients with
EDS should be counseled preoperatively about potential
complications and surgical risks. From a physician stand-
point, it is recommended that multimodal pain management
and a multidisciplinary team (genetics, pain management,
behavioral therapist/psychiatrist, physical therapist, pri-
mary physician, and/or rheumatologist) are involved in
management of these patients before planning surgical sta-
bilization procedures.”

Articular cartilage injury affecting the patellofemoral
joint can be present in up to 95% of patients after patellar
dislocation, ranging from minor fissures or cracks to full-
thickness chondral defects.?? Eighteen patients in our
cohort required chondroplasty at the time of MPFLR. At
revision surgery, 5 patients required patellar chondro-
plasty, and 2 required subsequent patellar chondroplasty.
In patients with EDS, the pathologic collagen can affect
all tissues, including cartilage. This can accentuate chon-
dral lesions and can lead to cartilage delamination and
progressive wear. There is also an increased association
between EDS and rheumatic conditions such as rheuma-
toid arthritis and ankylosing spondylitis.2® Joint laxity
itself can contribute to premature arthritis.>* Thus,
patients and families need to be counseled about potential
knee arthritis and the need for subsequent treatment.
Rose et al?® reported the need for total knee arthroplasty
in young patients with EDS, with a mean age of 43.3
years.
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Howells and Eldridge'? reported improved functional
outcome scores in patients with hypermobility but to
a lesser extent than in controls. Compared with PROs
following MPFLR in non-EDS patients, our patients
reported inferior outcomes across all PROs (Appendix
Table A2).>192130 Within our cohort, there was a wide
range of PROs, with some patients having significant dis-
ability while others were very functional. This reflects
the differences in clinical severity in patients with EDS.
Such differences are seen even between family members.
There were no differences in postoperative PROs when
the cohort was divided based on age, laterality (unilateral
vs bilateral), graft type, or Beighton score, which is likely
because of the smaller sample size in each subgroup
(Appendix Table Al). Despite inferior PROs, most patients
reported satisfaction at the final follow-up. This may be
due to significant improvements compared with preopera-
tive symptoms, the placebo effect of surgery, less overall
expectations, better coping mechanisms over years, or
other overwhelming conditions that can overshadow their
knee complaints.

Limitations

There are several limitations in this study. The retrospec-
tive nature of this study has inherent limitations, includ-
ing recall bias and lack of preoperative PROs. A control
group of patients without EDS would have allowed a com-
parison of the results of the present study, but outcomes of
isolated MPFLR in the normal population have been
widely published—including a systematic review and
meta-analysis.?! If the subgroup analysis did not show sta-
tistically significant differences, it could be due to a smaller
sample size and a lack of power in the study to detect such
differences. Since the series spanned a decade, some surgi-
cal modifications have been made to the MPFLR tech-
nique, including a single patellar tunnel and routine use
of fluoroscopy to identify the MPFL femoral attachment.
Postoperative radiographs were not available for all
patients to determine femoral tunnel positioning. Simi-
larly, information related to postoperative physical exami-
nation findings—including dJ-sign, apprehension, or
patellar translation—were not available in a consistent
manner. Despite these limitations, the present study is
the first to report the midterm clinical outcomes of MPFLR
in the EDS population. This information should help the
physician in patient counseling and surgical planning.

CONCLUSION

Isolated MPFLR restored patellar stability in patients with
EDS at the midterm follow-up, although 19.1% had recur-
rent instability and 38.3% required subsequent surgeries.
Failure was more likely in younger patients and those
who could touch the palm to the floor with their knees
extended. Postoperative PROs were inferior, but patient
satisfaction was high.

Midterm Outcomes of Isolated MPFLR 7

REFERENCES

1

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Ainsworth SR, Aulicino PL. A survey of patients with Ehlers-Danlos

syndrome. Clin Orthop Relat Res. 1993;286:250-256.

Aliberti GM, Kraeutler MJ, Miskimin C, et al. Autograft versus allograft
for medial patellofemoral ligament reconstruction: a systematic
review. Orthop J Sports Med. 2021;9(10):23259671211046639.

. Arendt EA, England K, Agel J, Tompkins MA. An analysis of knee

anatomic imaging factors associated with primary lateral patellar dis-
locations. Knee Surg Sports Traumatol Arthrosc. 2017;25(10):3099-
3107.

. Bartsch A, Lubberts B, Mumme M, Egloff C, Pagenstert G. Does

patella alta lead to worse clinical outcome in patients who undergo
isolated medial patellofemoral ligament reconstruction? A systematic
review. Arch Orthop Trauma Surg. 2018;138(11):1563-1573.

. Dong Z, Xu C, Yan L, Liu J, Wang F. Isolated medial patellofemoral

ligament reconstruction is valid to stabilize patellofemoral joint but
uncertain to reduce patellar height in setting of lateral patellar dislo-
cation and patella alta. Arch Orthop Trauma Surg. 2022;143(3):
1505-1512.

. Erickson BJ, Nguyen J, Gasik K, et al. Isolated medial patellofemoral

ligament reconstruction for patellar instability regardless of tibial
tubercle-trochlear groove distance and patellar height: outcomes at
1 and 2 years. Am J Sports Med. 2019;47(6):1331-1337.

. Ericson WB, Wolman R. Orthopaedic management of the Ehlers-

Danlos syndromes. Am J Med Genet C Semin Med Genet.
2017;175(1):188-194.

. Fabricant PD, Heath MR, Veerkamp M, et al. Reliability of radiologic

assessments of clinically relevant growth remaining in knee MRI of
children and adolescents with patellofemoral instability: data from
the JUPITER Cohort. Orthop J Sports Med. 2021;9(4):232596712
1991110.

. Galland O, Walch G, Dejour H, Carret JP. An anatomical and radio-

logical study of the femoropatellar articulation. Surg Radiol Anat.
1990;12(2):119-125.

Hendawi T, Godshaw B, Flowers C, et al. Autograft vs allograft com-
parison in pediatric medial patellofemoral ligament reconstruction.
Ochsner J. 2019;19(2):96-101.

Hiemstra LA, Kerslake S, Kupfer N, Lafave MR. Generalized joint
hypermobility does not influence clinical outcomes following isolated
MPFL reconstruction for patellofemoral instability. Knee Surg Sports
Traumatol Arthrosc. 2019;27(11):3660-3667.

Howells NR, Eldridge JD. Medial patellofemoral ligament reconstruc-
tion for patellar instability in patients with hypermobility: a case con-
trol study. J Bone Joint Surg Br. 2012;94(12):1655-1659.

Jaquith BP, Parikh SN. Predictors of recurrent patellar instability in
children and adolescents after first-time dislocation. J Pediatr
Orthop. 2017;37(7):484-490.

Juul-Kristensen B, Schmedling K, Rombaut L, Lund H, Engelbert
RHH. Measurement properties of clinical assessment methods for
classifying generalized joint hypermobility—a systematic review.
Am J Med Genet C Semin Med Genet. 2017;175(1):116-147.
Kumar N, Bastrom TP, Dennis MM, Pennock AT, Edmonds EW. Ado-
lescent medial patellofemoral ligament reconstruction: a comparison
of the use of autograft versus allograft hamstring. Orthop J Sports
Med. 2018;6(5):2325967118774272.

Lewallen LW, Mclintosh AL, Dahm DL. Predictors of recurrent insta-
bility after acute patellofemoral dislocation in pediatric and adoles-
cent patients. Am J Sports Med. 2013;41(3):575-581.

Lippacher S, Dejour D, Elsharkawi M, et al. Observer agreement on
the Dejour trochlear dysplasia classification: a comparison of true lat-
eral radiographs and axial magnetic resonance images. Am J Sports
Med. 2012;40(4):837-843.

Liu JN, Brady JM, Kalbian IL, et al. Clinical outcomes after isolated
medial patellofemoral ligament reconstruction for patellar instability
among patients with trochlear dysplasia. Am J Sports Med. 2018;
46(4):883-889.



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Parikh et al

Magnussen RA, Peters NJ, Long J, et al. Accelerated rehabilitation
program following medial patellofemoral ligament reconstruction
does not increase risk of recurrent instability. Knee. 2022;38:178-183.
Malfait F, Francomano C, Byers P, et al. The 2017 international clas-
sification of the Ehlers-Danlos syndromes. Am J Med Genet C Semin
Med Genet. 2017;175(1):8-26.

Meynard P, Malatray M, Sappey-Marinier E, et al. Medial patellofe-
moral ligament reconstruction for recurrent patellar dislocation allows
a good rate to return to sport. Knee Surg Sports Traumatol Arthrosc.
2022;30(6):1865-1870.

Nomura E, Inoue M, Kurimura M. Chondral and osteochondral inju-
ries associated with acute patellar dislocation. Arthroscopy.
2003;19(7):717-721.

Parikh SN, Nathan ST, Wall EJ, Eismann EA. Complications of medial
patellofemoral ligament reconstruction in young patients. Am J
Sports Med. 2013;41(5):1030-1038.

Rauterberg J. Age-dependent changes in structure, properties, and
biosynthesis of collagen. In: Platt D, ed. Gerontology. Springer Berlin
Heidelberg; 1989:41-51.

Reddy G, Hayer PS, Ullslam S, et al. Outcomes of allograft medial
patellofemoral ligament reconstruction in children and adolescents
with hypermobility. Int J Appl Basic Med Res. 2022;12(3):161-166.
Rodgers KR, Gui J, Dinulos MBP, Chou RC. Ehlers-Danlos syndrome
hypermobility type is associated with rheumatic diseases. Sci Rep.
2017;7(1):39636.

Rombaut L, Malfait F, Cools A, De Paepe A, Calders P. Musculoskel-
etal complaints, physical activity and health-related quality of life
among patients with the Ehlers-Danlos syndrome hypermobility
type. Disabil Rehabil Assist Technol. 2010;32(16):1339-1345.
Rombaut L, Malfait F, De Wandele |, et al. Muscle mass, muscle
strength, functional performance, and physical impairment in women
with the hypermobility type of Ehlers-Danlos syndrome. Arthritis Care
Res (Hoboken). 2012;64(10):1584-1592.

Rose PS, Johnson CA, Hungerford DS, McFarland EG. Total knee
arthroplasty in Ehlers-Danlos syndrome. J Arthroplasty. 2004;19(2):
190-196.

Scheper MC, Pacey V, Rombaut L, et al. Generalized hyperalgesia in
children and adults diagnosed with hypermobility syndrome and
Ehlers-Danlos syndrome hypermobility type: a discriminative analy-
sis: HMS and EDS-HT in children and adults. Arthritis Care Res
(Hoboken). 2017;69(3):421-429.

Schneider DK, Grawe B, Magnussen RA, et al. Outcomes after iso-
lated medial patellofemoral ligament reconstruction for the treatment
of recurrent lateral patellar dislocations: a systematic review and
meta-analysis. Am J Sports Med. 2016;44(11):2993-3005.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

The Orthopaedic Journal of Sports Medicine

Schottle PB, Schmeling A, Rosenstiel N, Weiler A. Radiographic
landmarks for femoral tunnel placement in medial patellofemoral lig-
ament reconstruction. Am J Sports Med. 2007;35(5):801-804.
Shamrock AG, Day MA, Duchman KR, Glass N, Westermann RW.
Medial patellofemoral ligament reconstruction in skeletally immature
patients: a systematic review and meta-analysis. Orthop J Sports
Med. 2019;7(7):2325967119855023.

Sharma L, Lou C, Felson DT, et al. Laxity in healthy and osteoarthritic
knees. Arthritis Rheum. 1999;42(5):861-870.

Sheehan FT, Derasari A, Brindle TJ, Alter KE. Understanding patello-
femoral pain with maltracking in the presence of joint laxity: complete
3D in vivo patellofemoral and tibiofemoral kinematics. J Orthop Res.
2009;27(5):561-570.

Stern CM, Pepin MJ, Stoler JM, et al. Musculoskeletal conditions in
a pediatric population with Ehlers-Danlos syndrome. J Pediatr.
2017;181:261-266.

Suryavanshi JR, Goto R, Jivanelli B, et al. Age-appropriate pediatric
sports patient-reported outcome measures and their psychometric prop-
erties: a systematic review. Am J Sports Med. 2019;47(13):3270-3276.
Syx D, De Wandele |, Rombaut L, Malfait F. Hypermobility, the
Ehlers-Danlos syndromes and chronic pain. Clin Exp Rheumatol.
2017;35(suppl 107)(5):116-122.

Tang S, Li W, Wang S, Wang F. Abnormal patellar loading may lead
to femoral trochlear dysplasia: an experimental study of patellar
hypermobility and patellar dislocation in growing rats. J Orthop
Surg Res. 2023;18(1):39.

Tinkle B, Castori M, Berglund B, et al. Hypermobile Ehlers-Danlos
syndrome (a.k.a. Ehlers-Danlos syndrome type Il and Ehlers-Danlos
syndrome hypermobility type): clinical description and natural his-
tory. Am J Med Genet C Semin Med Genet. 2017;175(1):48-69.
Vivekanantha P, Kahlon H, Cohen D, de Sa D. Isolated medial patel-
lofemoral ligament reconstruction results in similar postoperative out-
comes as medial patellofemoral ligament reconstruction and tibial-
tubercle osteotomy: a systematic review and meta-analysis. Knee
Surg Sports Traumatol Arthrosc. 2023;31(6):2433-2445.

Voermans NC, Knoop H, Van De Kamp N, et al. Fatigue is a frequent
and clinically relevant problem in Ehlers-Danlos syndrome. Semin
Arthritis Rheum. 2010;40(3):267-274.

Weinberg J, Doering C, McFarland EG. Joint surgery in Ehlers-
Danlos patients: results of a survey. Am J Orthop (Belle Mead NJ).
1999;28(7):406-409.

Weinberger JM, Fabricant PD, Taylor SA, Mei JY, Jones KJ. Influence
of graft source and configuration on revision rate and patient-reported
outcomes after MPFL reconstruction: a systematic review and meta-
analysis. Knee Surg Sports Traumatol Arthrosc. 2017;25(8): 2511-2519.



The Orthopaedic Journal of Sports Medicine Midterm Outcomes of Isolated MPFLR 9

APPENDIX

TABLE Al
Comparison of PROs Between Groups Based on Age, Laterality, Beighton Score, and Graft Type®

Pedi IKDC Kujala HSS Pedi-FABS BPII 2.0 KOOS-Pain KOOS-Symp KOOS-ADL KOOS-Sport KOOS-QOL

Age, y
<15 67.7 72.6 5.5 55.1 73.5 69.8 78.9 61.3 55
>15 70.7 77.3 6.3 62.3 78.7 72.6 85.6 68 57.9
P .68 .53 .76 .45 .54 .69 .34 .54 .76
Laterality
Unilateral 72.2 80.8 6.3 64.3 81.9 76.2 88.1 71.7 61.5
Bilateral 67.2 71.1 5.6 55 72.2 67.9 78.3 60 53.1
P .51 .20 77 .33 .25 .26 .22 .30 .38
Beighton score
<7 64.8 70.2 3.9 51.5 71.5 66 78 58.4 50.3
>7 74.9 81.7 8 68.4 82.8 78.2 88.5 73 63.8
P .19 .14 .10 .08 .20 .10 21 21 .16
Graft type
Allograft 69.1 76.2 5.9 60.5 77.1 72.3 84.7 65.4 57.2
Autograft 69.3 74.1 5.9 574 75.3 70.4 80.4 64.1 55.9
P .97 .78 .99 .75 .83 .80 .58 91 .89
Autograft type
Gracilis 67.7 77.7 3 57.2 78.2 68.9 85.3 65.7 56.3
ST 70.4 71.5 8.1 57.6 73.3 714 76.9 63 55.6
P .80 .60 .15 .98 71 .82 .51 .87 .96

“ADL, activities of daily living; BPII, Banff Patellofemoral Instability Instrument; HSS Pedi-FABS, Hospital for Special Surgery Pediatric
Functional Activity Brief Scale; KOOS, Knee injury and Osteoarthritis Outcome Score; Pedi-IKDC, pediatric version of the International
Knee Documentation Committee; QOL, quality of life; ST, semitendinosus; Symp, symptoms.

TABLE A2
Patient-Reported Outcome Scores®

Pedi IKDC Kujala HSS Pedi-FABS BPII 2.0 KOOS-Pain KOOS-Symp KOOS-ADL KOOS-Sport KOOS-QOL

Mean 69.2 75 5.9 58.8 76.1 71.2 82.3 64.7 56.5
SD 19.8 20.1 6.7 25.1 22.5 19.4 21 29.4 25
GJH NR 64.312 NR 66.211 NR NR NR NR NR
Historical 73.1% 85.8%0 NR 77.8% 87.319 881° 93.619 81.81° 76.81°

“The best possible score for the HSS Pedi FABS is 30. The best possible score for all other PROs is 100. ADL, activities of daily living; BPII,
Banff Patellofemoral Instability Instrument; GJH, generalized joint hyperlaxity; HSS Pedi-FABS, Hospital for Special Surgery Pediatric
Functional Activity Brief Scale; KOOS, Knee injury and Osteoarthritis Outcome Score; NR, not reported; Pedi-IKDC, pediatric version of
the International Knee Documentation Committee; QOL, quality of life; Symp, symptoms.



