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Background: Patella instability and medial patellofemoral ligament (MPFL) injury are frequently encountered in pediatric patients.
MPFL reconstruction is often chosen to treat this condition with good results; however, no consensus has been reached about
which graft or technique to use. The purpose of this study was to evaluate the differences in graft survivorship, clinical outcomes
(assessed with Kujala scores), and cost between autograft and allograft usage in MPFL reconstruction in pediatric patients.
Methods: In this retrospective review of patients who underwent MPFL reconstruction between 2012-2015, autograft gracilis
tendon was used for Group 1, and allograft gracilis tendon was used for Group 2. Outcomes were graft survivorship, postoperative
Kujala scores, operative time, costs, graft size, and tibial tubercle–trochlear groove distance.
Results: Fifty-six patients were included in this study, 21 in Group 1 and 35 in Group 2. No differences in age, sex, or chronicity were
seen between the groups. Patients in Group 1 had longer operative times (134.5 minutes vs 97.3 minutes, P=0.0002), higher rates
of graft failure (28.6% vs 0%, P=0.0037), and lower Kujala scores (80.3 vs 92.1, P=0.0032) compared to Group 2. All graft failures
occurred in patients with chronic patella dislocations and occurred an average of 13.8 months postoperatively. Overall, autograft
was costlier than allograft because of the cost of reoperation.
Conclusion: This study supports the use of allograft for chronic patellar instability because of improved graft survivorship and
clinical outcome scores, as well as the lower cost and reoperation rate.
Keywords: Allografts, autografts, patellar dislocation, patellar ligaments

Address correspondence to Sean Waldron, MD, Department of Orthopedic Surgery, Ochsner Clinic Foundation, 1514 Jefferson Hwy., New
Orleans, LA 70121. Tel: (504) 542-3000. Email: sean.waldron@gmail.com

INTRODUCTION
Patellar instability is a frequently encountered problem in
pediatric patients. Nietosvaara et al reported an annual incidence of 43 per 100,000 patellar dislocations in children <16
years of age.1 Medial patellofemoral ligament (MPFL) injuries
and patellar dislocations are most common in females 10-17
years of age.2
The MPFL is a thickening of the structures in layer 2 of the
knee, running from the superomedial corner of the patella to
the medial femoral epicondyle at the Schöttle point.3,4 The
primary function of the MPFL is to provide medial restraint
to the patella and prevent lateral patellar translation or dislocation. Cadaveric studies have demonstrated that the MPFL
provides 50%-60% of this medial restraint.5,6 Injury to or
tearing of the MPFL leads to lateral translation and/or dislocation of the patella. Studies of surgically explored MPFLs in
patients with known lateral patellar dislocation have reported
MPFL injury in 94%-100% of patients.7,8
Initially, nonoperative conservative management of patellar dislocations was the standard of care for MPFL injuries;
however, MPFL reconstruction is becoming popular and has
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good outcomes.9 In a randomized controlled trial comparing nonoperative treatment vs MPFL reconstruction, Bitar
et al found significantly greater Kujala scores and fewer
recurrences/subluxations in the reconstruction group.10
Many surgical techniques for MPFL reconstruction have
been described,11-19 but no single technique has been
proven to be significantly superior to the others. The choice
of technique may be guided by the complications associated with different techniques. For example, the choice
between autograft vs allograft was made in one study
because of patient fears of donor morbidity.13 Graft fixation techniques—suture fixation or bone tunnel fixation—are
associated with their own complications. Bone tunnel fixation has been associated with an overall higher complication rate than suture fixation (29.8% vs 21.6%, respectively);
however, suture fixation is associated with higher rates of
recurrent instability and hypermobility than bone tunnel fixation (4.8% vs 3.3% and 24.0% vs 8.6%, respectively).20 A
2015 systemic review by Stupay et al reported an increase
in popularity of MPFL reconstruction and satisfactory outcomes despite the use of multiple techniques.21 Almost all
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Figure 2. Schematic depicts the graft fixation technique
with an L-shaped patellar tunnel and interference screw fixation in the femur.

Figure 1. Intraoperative arthroscopic images from superolateral portal demonstrate (A) lateral patella maltracking and (B) appropriate patella tracking after medial
patellofemoral ligament reconstruction.
the described techniques used autograft, although allograft
is also a viable option.
Despite the abundance of orthopedic literature discussing
autograft MPFL reconstruction techniques, the literature is
lacking in direct comparisons of autograft vs allograft in pediatric patients. Additionally, the economics of graft choices
have yet to be investigated. Direct costs to both the patient
and medical centers should be considered in preoperative
planning.
The purpose of this study was to directly compare autograft gracilis to allograft gracilis MPFL reconstruction in
pediatric patients and explore differences in graft survivorship, postoperative Kujala scores, operative time, and costs.
Secondary measures included graft size and tibia tubercle–
trochlear groove (TT-TG) measurements.

METHODS
Population
We conducted a retrospective review of all patients who
underwent MPFL reconstruction by a single fellowshiptrained pediatric orthopedic surgeon (S.W.) at our institution
from 2012-2015. The patients were divided into 2 cohorts:
Group 1 consisted of MPFL reconstructions using gracilis
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tendon autograft. The autograft gracilis tendon was harvested after diagnostic arthroscopy and before proceeding with MPFL reconstruction via a previously described
technique.18 Group 2 consisted of MPFL reconstructions
using fresh-frozen gracilis tendon allograft obtained from the
Musculoskeletal Transplant Foundation.
Group 1 patients underwent their index procedure
between November 2012 and June 2013, and Group 2
patients underwent their MPFL reconstruction between
November 2013 and January 2015. The change in technique
occurred because of a concerning frequency of graft failures.
Age at surgery, sex, left vs right knee, and chronicity of patellar instability were documented.

Surgical Technique
With the exception of graft harvest, the surgical techniques in both groups were identical. Standard diagnostic arthroscopy was performed using a 30-degree, 4-mm
arthroscope (ConMed Linvatec) to determine any concomitant pathology. Secondary procedures were performed as
indicated, including chondroplasty, loose body removal,
microfracture, and meniscal repair using standard techniques. A superolateral arthroscopic portal was then made
for viewing the patellofemoral tracking. Once patellar instability and maltracking were confirmed (Figure 1A), the decision to proceed with MPFL reconstruction was made. A
small incision was made along the medial border of the
patella. An L-shaped tunnel was created in the proximal third
of the patella by drilling the medial and anterior surfaces
with a 3.5-mm drill bit (Figure 2). Fluoroscopy was used to
locate the Schöttle point on the femur, and a guidewire was
drilled from medial to lateral out the lateral thigh. A reamer
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was used to overdrill the guidewire. A soft tissue tunnel was
made between the MPFL insertion and medial patella tunnel, between the knee joint capsule and the vastus medialis obliquus. The graft was passed through the patellar tunnel using a Spectrum suture passer (ConMed Linvatec), and
the free ends of the graft were sutured together using #2
SutureLoop (Arthrex Inc). Using the SutureLoop, the graft
was passed through the soft tissue tunnel and then through
the distal femur. Appropriate patellar tracking was confirmed
via arthroscopy. The knee was held in 30 degrees of flexion,
and the graft was tensioned appropriately, so the patella sat
in the center of the trochlear groove. A Matryx interference
screw (ConMed Linvatec) was used to secure the graft. Final
patellar tracking was confirmed with arthroscopy (Figure 1B).

Clinical and Radiographic Assessment
Clinical failure was defined as graft failure with recurrent
instability and the need for revision MPFL reconstruction.
The Kujala Scoring Questionnaire was chosen to assess clinical outcomes because it is a validated measure of clinical
outcomes in patellofemoral conditions in this patient population. The Kujala Scoring Questionnaire assesses anterior
knee pain on a scale of 1-100, with higher scores correlating with better function.22 Postoperative Kujala scores were
collected >6 months after surgery when patients were considered fully recovered.
The TT-TG distance was measured on the preoperative
magnetic resonance imaging (MRI) scan of each patient. The
mean distance was computed and compared for patients
who had MPFL reconstruction failures and for patients who
had successful surgeries.

Cost Analysis
The financial department at our institution calculated procedure costs based on operative time differences between
the autograft and allograft techniques. The cost of the allograft gracilis tendon was determined based on the national
average obtained from the Musculoskeletal Transplant Foundation. The cost for reoperation was based on the procedure
cost to the payer and to the hospital.

Statistical Analysis
All data were collected and compiled using Microsoft
Excel (Microsoft Corporation). Statistical analyses were performed using SAS v.9.4 (SAS Institute Inc.). Chi-square and
2-sample t test were respectively used to compare categorical and continuous variables between the groups. Wilcoxon
2-sample test was used when variables did not follow a normal distribution. A P value of <0.05 indicates significance.

RESULTS
A total of 56 patients underwent MPFL reconstruction by
the senior author from 2012-2015. Group 1 (gracilis autograft) contained 21 patients, while Group 2 (gracilis allograft) had 35 patients. Patient demographics are presented
in Table 1. None of the demographic variables was statistically different between the groups. The average age in Group
1 was 15.3 years, while the average age of Group 2 patients
was 16 years. Both groups had a female predominance, and
the majority of patients in each group had chronic patellar
instability. Allograft was used in 4 patients for revision MPFL
reconstruction.
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Table 1. Patient Demographics
Autograft
Variable
Mean age, years

Allograft

Group

Group

(n=21)

(n=35)

P Value

15.3

16.0

0.45
0.48

Males

4 (19.1)

11 (31.4)

Females

17 (80.9)

24 (68.6)

Left knee

14 (66.7)

20 (57.1)

Right knee

7 (33.3)

15 (42.9)

Acute patella dislocations

5 (23.8)

12 (34.3)

Chronic patella dislocations

16 (76.2)

23 (65.7)

0.67
0.59

With the exception of age, data are reported as n (%).

Table 2. Autograft vs Allograft Outcomes
Autograft Allograft
Group

Group

Outcome

(n=21)

(n=35) P Value

Graft failure, n (%)

6 (28.6)

0 (0)

0.0037

Average time to failure, months

13.8

N/A

N/A

Average postoperative Kujala
scorea

80.3

92.1

0.0032

Average graft size, mm

5.29

5.7

0.0009

Average surgical time, minutes

134.5

97.3

0.00002

a

The Kujala Scoring Questionnaire assesses anterior knee pain on a
scale of 1-100, with higher scores correlating with better function.
N/A, not applicable.

A total of 6 graft failures occurred, all in Group 1 and all in
patients with chronic patellar instability (Table 2). This 28.6%
failure rate prompted the change to using gracilis allograft
tendons. The average time to graft failure was 13.8 months.
Patient clinical outcomes, assessed with Kujala scores,
were significantly better in Group 2. The graft was significantly larger in diameter in Group 2 (5.29 mm vs 5.7 mm,
P=0.0009). Although this difference was statistically significant, it was not clinically significant as the current recommended graft diameter is 5-6 mm.13 We found no difference
in TT-TG distance in the grafts that failed vs those that were
successful (Table 3).

Table 3. Comparison of Tibial Tubercle–Trochlear Groove
(TT-TG) Distance in the Reconstruction Failures vs Reconstruction Successes Groups
Reconstruction Reconstruction

Average TT-TG
distance, mma

Failures

Successes

(n=6)

(n=50)

P Value

17.65

16.04

0.477

a
The TT-TG distance was measured on the preoperative magnetic resonance imaging scan of each patient, and then the mean distance was
calculated for each group.
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On average, the operating time was 37.2 minutes longer in
Group 1, equating to a cost increase of approximately $445.
Based on information from the Musculoskeletal Transplant
Foundation, each gracilis allograft was estimated to cost
the patients in Group 2 $1,058. Reoperations were a significant financial burden, with $34,740 in costs to the payer and
approximately $4,500 in costs to the hospital. After factoring
in the costs of reoperation, allograft procedures were less
expensive than autograft surgeries.

DISCUSSION
The MPFL is injured or torn in >94% of patellar
dislocations.7,8 Superior results in outcomes, complications,
and failures have been reported with MPFL reconstruction
vs conservative treatment.9,10,21,23 Our study of pediatric
patients revealed superior graft survivorship in allograft
MPFL reconstructions with 0% failures, which is significantly lower than the 28.6% failure seen in our autograft
reconstructions.
In contrast to our results, Calvo Rodríguez et al24 retrospectively studied 13 autograft and 16 allograft MPFL reconstructions in adults and reported 0 recurrent dislocations
or graft complications at a minimum 12-month follow-up.
The difference in the results of our study compared to the
Calvo Rodríguez et al study could be attributed to the shorter
reported follow-up period in their study. The Calvo Rodríguez
et al study only required 12 months of follow-up, whereas
our study showed that graft failure occurred an average of
13.8 months after the procedure. In a study that included
25 MPFL reconstructions exclusively with gracilis allograft,
Hohn and Pandya reported a 92% success rate with no
episodes of instability at an average 24-month follow-up
(range, 12-44 months).25 The low incidence of allograft failure
during an extended follow-up period supports our findings of
successful allograft gracilis MPFL reconstructions.
One reason for our failure rate in the autograft group
could be the graft size. Our autograft patient population consisted entirely of pediatric patients with an average graft
size of 5.29 mm. Although no reported graft size is recommended for MPFL reconstructions, anterior cruciate ligament reconstructions were found to have failure rates 7
times higher when the graft was <7 mm and lower failure
rates with thicker grafts.26 To our knowledge, similar findings have not been reported with MPFL reconstructions. The
native MPFL has an average midpoint width of 17.8 mm27 ;
however, MPFL reconstructions have been described with
average graft diameters of 5-6 mm without evidence of high
failure rates.13
Another possible reason for the failure rates with autografts is underlying hypermobility and joint laxity. The link
between joint laxity and patellar instability dates to 1958,
when Carter and Sweetnam reported a family with a history of patellar dislocations and/or joint laxity.28 In 2016,
Khemka et al published a retrospective review of 29 patients
who underwent MPFL reconstruction using artificial ligaments and noted that 17 of the 29 patients had underlying
ligamentous laxity.29 The Beighton score is a validated measure to assess for hypermobility in pediatric patients.30,31
Despite this suspected correlation, we did not routinely
conduct Beighton scoring on our patients before this
study was completed, and this focus could inform future
studies.
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We cannot exclude human or technical error as possible reasons for the increased success with allograft MPFL
reconstructions. As previously stated, the senior surgeon
performing the procedures initially used gracilis autografts
for MPFL reconstructions but changed the technique to gracilis allograft after a pattern of autograft failures. Because
the allograft reconstructions were done later, the surgeon’s
experience level could have affected the technical aspects
of the reconstructions. Thus, the autograft failure rate could
be partially attributed to the learning curve faced by the surgeon early in the series. He made no other changes to the
technique.
To further investigate the high failure rate of autograft
reconstructions, we measured the TT-TG distance on all
preoperative MRIs and observed no difference in distance
between the grafts that failed and those that were successful. Wagner et al prospectively examined risk factor effects
on outcomes of MPFL reconstruction using gracilis autograft
and reported that TT-TG distance >20 mm was an indication
for additional procedures, such as tibial tuberosity transfer.32
Although no tibial tuberosity transfers were performed on our
patients, we found an overall trend toward larger TT-TG distances in our failures. Of the 6 failures, 2 (33.3%) had TT-TG
distances >20 mm compared to 6 (12.0%) of the 50 successful MPFL reconstructions. Even if the failures in these 2
patients were caused by a TT-TG >20 mm, more failures still
occurred in the autograft group (4 vs 0, respectively).
Our patients had overall good or fair functional outcomes
as assessed by Kujala scores, although we observed significantly higher scores in our allograft group. To our knowledge,
this is the first study to report such contrasting outcomes.
Calvo Rodríguez et al also observed high Kujala scores in
their allograft group compared to the autograft group (92.6
vs 89.2); however, the difference did not reach statistical
significance.24 Several studies using only gracilis autograft
for MPFL reconstructions have reported good outcomes and
improvement in Kujala scores.32-34 The trend seen by Calvo
Rodríguez et al, coupled with our findings, supports the use
of gracilis allografts for MPFL reconstruction.
One of the biggest strengths of this study is the comparison of autograft gracilis to allograft gracilis tendon grafts
for MPFL reconstruction. To our knowledge, our study is the
first to compare these techniques in this age group, offering a direct comparison between autografts and allografts
of the same tendon. Gracilis tendon was chosen because
of the ease of harvest and the wide availability of allografts. Although the gracilis tendon is weaker than the oftenused semitendinosus tendon, it behaves more like the native
MPFL.3,4,33 In a systemic review, Stupay et al demonstrated
that semitendinosus grafts are more popular, having been
used exclusively in 17 studies compared to exclusive gracilis
use in 3 studies and mixed use in 11 studies.21 However, Stupay et al also noted that outcomes were similar between the
semitendinosus and gracilis graft groups, with Kujala scores
of 89.0 and 89.6, respectively (P=0.8).21 Additionally, autograft gracilis techniques have been described with overall
satisfactory outcomes,32,34,35 which reassured us that our
selection of gracilis tendon graft did not adversely affect our
outcomes.
We found that autograft MPFL reconstructions were, on
average, 37.2 minutes longer than allograft reconstructions.
This time increase was expected given that the gracilis
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tendon needed to be harvested and the donor site closed
in the autograft cohort. Another possible contribution to
the additional operative time in the autograft group is the
experience level of the senior surgeon. As noted previously,
the autograft MPFL reconstructions were the procedure of
choice at the beginning of the senior surgeon’s career. When
he performed the allograft reconstructions, the senior surgeon was more experienced.
The additional operative time for the autograft MPFL
reconstructions was estimated to add $445 in procedural
costs compared to procedural costs of the allograft reconstructions. On the other hand, the MPFL reconstruction
costs are increased by the cost of the allograft, which was
estimated to be $1,058. Consequently, the autograft MPFL
reconstructions initially appeared to cost $613 less than the
allograph reconstructions. However, 28.6% of our autograft
cohort underwent reoperation for MPFL reconstruction failure. To account for the higher failure and reoperation rates
in the autograft cohort, we distributed the costs of reoperation ($34,740 to the patient/insurer and $4,500 to our institution) among all autograft patients, resulting in more than
$11,000 ([cost savings of $34,740 + $4,500 × 6 failures] ÷
21 autograft patients) in additional costs per autograft MPFL
reconstruction and making it the costlier procedure. With the
increasing trend toward cost-effective healthcare, allograft
MPFL reconstruction is the more economic option.
This study has several limitations. First, some performance bias could be present because the autograft reconstructions were done earlier in the series. Second, preoperative Kujala scores were not available, so we could not
report overall improvement in our patients. Third, we had a
relatively small sample size, but ours is currently the largest
study directly comparing these 2 graft options. Large, randomized controlled studies would be ideal for conducting
further direct comparisons between gracilis autograft and
allograft MPFL reconstructions. Based on the current results,
however, such studies might be hard to justify.

CONCLUSION
This study supports the use of gracilis allograft for MPFL
reconstruction in skeletally mature pediatric patients. Gracilis allograft tendon had increased survivorship and superior Kujala scores compared to its autograft counterpart. The
use of allograft tendon resulted in less operative time for the
index procedure and a lower procedural cost when accounting for reoperation costs and rates seen with the use of gracilis autograft tendon.
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