
Introduction
The role of medial patellofemoral ligament 
reconstruction in restoring the anatomical 
imbalance around the knee and treating 
recurrent patellar dislocations cannot be 
understated. With the refinement on the 
knowledge about the functions and 
structures on the medial side of the knee, 
the importance of repairing or 
reconstructing the medial restraints has 
gained widespread acceptance over the past 
decade. The treatment of patellar instability 
has undergone a remarkable evolution since 
the advent of arthroscopic minimally 
invasive surgeries. Invasive open surgeries 
with long drawn rehabilitation protocols 
and less than optimal results were 
commonplace until the advent and 
adoption of arthroscopic procedures as the 
standard of care [1, 2, 3, 4]. Distal 
realignment of the tibial tuberosity (TT) 
with or without a proximal soft tissue 
procedure to restore the balance of the 

extensor mechanism such that the patella 
tracked reliably within the trochlear groove 
(TG) was the biomechanical goal of all such 
procedures [1, 5, 6]. This was expected to 
distribute the cartilage loads evenly, restore 
joint incongruity alleviate pain, thus 
affecting the natural progression of 
patellofemoral arthritis. Surgical release or 
lengthening of the lateral structures of the 
knee joint was also popular as a 
concomitant procedure either open or 
through minimal invasive approach [7, 
8].While the distal realignment procedures 
were effective, they were by no means 
optimal as reflected in the complications 
associated which included non-union of the 
osteotomies, tibial fractures, skin 
dehiscence, and worst of all unbalanced 
chondral loading on the medial facet leading 
to degenerative changes in the 
patellofemoral as well as the tibiofemoral 
articulations [9, 10, 11]. The attempts to 
quantitate the exact position and relocation 

of the TT and the use of the TT-TG 
distances were important to avoid over-
medialization [12]. The most common 
pathological feature among all patients with 
patellar instability is laxity of the medial 
periarticular structures, and medial plication 
and reefing have been shown to have 
satisfactory results in multiple reported 
series [13, 14, 15]. However, inadequate 
awareness of the medial retinacular anatomy 
would sometimes cause over-tightening and 
increased patellofemoral forces [15]. The 
presence of the medial patellofemoral 
ligament as a distinct ligamentous structure 
on the medial side of the knee was first 
described by Warren and Marshall [16]. 
However, this was perhaps largely forgotten 
till a more detailed description by Feller et 
al. several years later, and since then, there 
has been no looking back [17]. Further 
studies by Zaffagnini and Tanaka 
established the anatomic dimensions and 
the functions of the MPFL [18].The wide 

acceptance and practice of MPFL 
reconstruction with various 
surgical techniques were also 
followed by a multitude of 
complications. One of the reasons 
for this was the variability in the 
anatomical locations of the 
attachments across the 
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populations. The Schottle’s point or 
Stephen’s point derived to simplify the 
femoral attachment was useful in narrowing 
down the region of attachment [19, 20]. 
The Tanaka point, a broad area proximal to 
the articular surface of the medial patella is 
less sensitive to the effect of placement of 
patellar tunnels [21]. While the anatomical 
landmarks are vital in identifying the 
location for placing the bony tunnels, a 
thorough knowledge about the 
biomechanics of the medial structures is 
essential to ensure the success of the surgical 
procedures.

Biomechanics
The importance of MPFL as a crucial 
restraint to patella against lateral patellar 
dislocation is now firmly established. 
Conlanet al. published one of the earliest 
biomechanical studies to establish the 
importance of MPFL. In 25 fresh-frozen 
cadaveric knees they evaluated using a 
universal textinginstrument, they found that 
MPFL alone contributed to about 53% of 
the total force against lateral dislocation 
[22]. Hautamaa et al. also had a similar 
conclusion in their cadaveric study and they 
also found that repair of this structure 
restored the biomechanics in cadaveric 
specimens [23]. The critical importance of 
MPFL was underscored by Sillanpää et al. in 
their analysis of the national registry in 
Finland. They discovered that this structure 
was always disrupted in patients with acute 
traumatic patellar dislocation, and hence, 
was a definite sign of this condition [24]. 
There are individual anatomic variations of 
the MPFL, but the biomechanical 
importance is not disputed. Amis et al. 
published their anatomic and biomechanical 
study, where they reported that the length of 
the MPFL is approximately 55 mm but the 
width ranges between 3 and 30 mm. They 
found that the maximum resistance by 
MPFL to lateral patellar dislocation was 
seen in the extended knee[25]. Mountney 
et al. reported the tensile strength of the 
MPFL to be about 208 N at 26 mm of 
displacement. Contrary to earlier belief they 
showed that repair of this ligament was 
using sutures or bone anchors were not 
good enough and only a reconstruction 
provided equivalent resistance to lateral 
displacement [26]. Hinckel et al. have 

shown that the MPFL ruptures after an 
average deformation of 19.3 mm and was, 
hence, always ruptured after a lateral patellar 
dislocation, which requires about 50 mm of 
displacement [27].

Surgical Principles
There is a large body of scientific data to 
support conservative management for first-
time dislocators, but surgical treatment is 
mandated for recurrent instability. The 
pathology of this condition is multifactorial 
with coronal and rotational limb 
malalignment, patella alta and trochlear 
dysplasia needing cognizance, MPFL is one 
structure which almost always needs to be 
reconstructed[28]. With more than 200 
peer-reviewed publications since 2014, 
MPFL reconstruction is indeed a very hot 
topic in orthopedic sports literature [29]. 
Restoration of anatomy by precise graft 
placement and minimal graft tension are the 
keys to achieving successful outcome [28]. 
Nonanatomic reconstruction or an excess 
tension in the reconstruction have been 
described to cause non-physiologic loading 
conditions, increase medial patellofemoral 
pressure and its deleterious sequel [30,31]. 
There are several surgical techniques and 
variations described for MPFL 
reconstruction using all sorts of grafts and 
fixation devices, but adherence to these 
principles is crucial. Nonetheless, it is 
important to realize that MPFL 
reconstruction is not the panacea for all 
patellar instability. The presence of 
increased TT-TG distance and patella alta 
can significantly increase MPFL graft 
anisometricity leading to excessive graft 
tension and potentialfailure when 
performed in isolation [32].

Anatomic Landmarks
Feller et al. provided one of the earliest 
detailed descriptions of the MPFL as a 
distinct ligamentous structure within Layer 
II on the medial side. They also noted that 
the common insertion site on the 
superomedial patella with the vastus 
medialis obliquus (VMO) muscle might be 
responsible for the dynamic stabilizing 
function of this structure. The femoral 
insertion site was identified at 5 mm distal 
and 5 mm anterior to the adductor tubercle 
[17]. Tuxoe et al. also had similar 

conclusions about the individual but not 
side to side variation about the MPFL in 
their cadaveric study. They measured the 
MPFL to be an average 1.9 cm wide and 5.3 
cm long with a distinct insertion on the 
superomedial patella, medial to the VMO 
[33]. LaPradeet al. in their quantitative 
anatomic description of the medial side of 
knee placed the MPFL femoral insertion to 
be 10 mm proximal and 2 mm posterior to 
medial epicondyle in a saddle between the 
medial epicondyle and adductor tubercle. 
Alternatively, it is located about 2 mm 
anterior and 4 mm distal to the adductor 
tubercle, which is a more easily discernable 
bony landmark [34]. Philippot described in 
detail the femoral attachment site of the 
MPFL because accurate femoral attachment 
of the reconstructed ligament is important 
for restoring isometricity. This point was 
described as being 10 mm behind the 
medial epicondyle and 10 mm distal to the 
adductor tubercleusing an orthonormal 
frame [35]. Baldwin et al. sought to provide 
greater clarity of this complex anatomy. 
They described two distinct femoral 
insertion points- one transverse 10.6 mm 
origin in a bony groove between the medial 
epicondyle and adductor tubercle and 
another oblique origin from the proximal 30 
mm of the leading edge of the medial 
collateral ligament. The two heads fuse and 
insert onto the ventral edge of the patella 
over a span of about 28.2 mm [36].Steensen 
described the isometric and anatomic 
relationship of the MPFL in cadavers. They 
found the ligament was nearly isometric 
from 0to 90° of knee flexion in the portion 
between the inferior patellar attachment and 
superior femoral attachment. The superior 
femoral attachment was most important for 
restoring the isometricity of a reconstructed 
MPFL [37]. The anatomic landmarks, thus, 
described help execute an anatomic and 
isometric MPFL reconstruction. However, 
the femoral insertion, which is the most 
critical part, is difficult to be accurately and 
reproducibly identified without a complete 
open dissection medially as the medial 
epicondyle and adductor tubercle are not 
always easily palpable. Schöttle et al. 
described the radiograph landmark to 
accurately identify the anatomic and 
isometric femoral insertion intraoperatively 
on a true lateral view with posterior 
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condyles over-lapping. This point was 1.3 
mm anterior to the posterior cortex 
extension line, 2.5 mm distal to the 
posterior origin of the medial femoral 
condyle, and proximal to the level of the 
posterior point of the Blumensaat line(Fig. 
1) [19].Stephen et al. described their 
technique of radiographic localization of the 
anatomic and isometric femoral insertion. 
Considering the anterior-posterior medial 
femoral condyle diameter as 100%, this was 
identified as a point 10% from the posterior, 
50% from the distal, and 60% from the 
anterior border of the medial femoral 
condyle [20]. Another such radiographic 
description was provided by Barnett et al. 
using similar technique. The patellar 
attachment was described as being about 7.4 
mm anterior to the posterior patellar 
cortical line and 5.4 mm distal to the 
perpendicular line intersecting the proximal 
margin of the patellar articular surface. The 
femoral attachment was described as 3.8 
mm anterior to the posterior femoral 
cortical line and 0.9 mm distal to the 
perpendicular line intersecting the posterior 
aspect of Blumensaat’s line. The authors 
underscored that the absolute necessity to 
obtain true lateral radiographs for accurate 
graft placement [38]. Balcarek and Walde 
also emphasized the need to obtain exact 
lateral radiographs intraoperatively as the 
femoral attachment site variation is 
extremely sensitive to any deviation. This 
could be responsible for the non-anatomic 
tunnel placements which have been 
reported to be as high as 64%[39]. Huston 
et al. have shown that the inter-observer 
variation and reproducibility in recognizing 
the Schöttle point was actually better for 
pediatric knees. However, they exercised 
caution to prevent any damage to the distal 
femoral physis [40]. Rather surprisingly, in 
the study by Hiemstraet al. of 155 MPFL 
reconstructions performed, all 8 failures 
were in patients who did not have 
malpositioned femoral tunnels as assessed 
by the Schottle’s point. Furthermore, 
femoral tunnel position did not correlate 
with the accuracy of femoral tunnel position 
[41].Recently, there has been a criticism of 
the methods to accurately position femoral 
tunnels using radiographic landmarks. 
Sanchis-Alfonso et al. studied the accuracy 
of radiographic guided femoral tunnel 

placement using 3D computed tomography 
scans. They found that the percentage of 
anatomic tunnel covered by creating 7 mm 
femoral tunnels using the Schöttle 
technique was 36.7 ± 25.2%, whereas the 
Stephen technique covered 25.5±21.5% of 
this area. Thus, both these techniques were 
approximations with wide variations and 
did not ensure precise placement of a 
femoral tunnel [42]. Further, Ziegler et al. 
advocated assessing anatomy 
intraoperatively for femoral tunnel 
placement rather than relying on 
radiographs. They found that even a 5° of 
axis deviation in performing lateral 
radiographs had a significant effect on 
tunnel localization leading to non-anatomic 
tunnel placement [43].

Graft and Fixation 
The other bone of contention in MPFL 
surgery has been the choice of graft for an 
optimal reconstruction. There are several 
techniques described in literature using 
autografts, allografts and synthetic materials 
and a myriad of fixation techniques. The 
autograft options include gracilis tendon, 
semitendinosus tendon, and superficial 
quadriceps tendon. The direct comparison 
between each technique is not feasible, and 
most studies have small numbers and short 
follow-ups. McNeilan et al. have recently 
published a systematic review of MPFL 
reconstructions using the three graft 
options. They reported that the recurrence 
rates were generally low and there was no 
benefit in this regard when using an 
autograft, although there was a bias of 
reporting better than expected results in 
smaller studies. There was significant 
symptomatic relief post-reconstruction, 
regardless of the graft used. However, 
pediatric patients and those treated with 
adductor tendon autograft had higher rates 
of recurrent instability [29].Weinberger et 
al. performed another systematic review and 
meta-analysis to assess graft choice and 
configuration on revision rates, and patient-
reported outcomes after MPFL 
reconstruction. They found significantly 
higher improvements in Kujala scores when 
an autograft reconstruction was 
performed,but there was no difference 
compared to an allograft reconstruction for 
failures leading to recurrent instability. 

Doubled limb reconstructions were 
associated with significantly better Kujala 
scores and lower failures compared to single 
limb reconstructions [44]. There has been a 
lot of interest in utilizing synthetic material 
for performing an MPFL in recent times. 
Lee et al. compared Fiber Tape® and gracilis 
autograft MPFL reconstruction in a small 
cohort of 50 patients over 40 months. All 
studied parameters and score significantly 
improved in both patient groups with no 
difference between the two grafts. The 
authors believed that adoption of a 
synthetic material MPFL reconstruction 
would avoid autograft related donor site 
morbidity and associated complications 
[45]. The pediatric patient with recurrent 
patellar instability has been a focus of 
attention. An open femoral physis is an issue 
when planning drilling or disruption for an 
anatomic tunnel placement. Sillanpää et al. 
have described two techniques to avoid this 
basic problem. They described a double-
bundle adductor Magnus transfer and an 
adductor sling approach using a free gracilis 
tendon graft [46]. Lind et al. analyzed the 
outcome of MPFL reconstruction using this 
adductor sling technique involving soft 
tissue femoral side fixation of the graft. With 
a 20% redislocation rate in the 1styearpost-
surgery itself, they believed that method has 
high failure rates as it non-anatomic and a 
soft tissue fixation would provide 
insufficient dynamic biomechanical stability 
[47].Nelitzet al. have described their 
technique of pedicled superficial quadriceps 
tendon MPFL reconstruction which did not 
require patellar hardware and spared the 
femoral physis. There was no redislocation 
in their cohort and significant improvement 
in Kujala score at minimum 2 years follow-
up. The Tegner activity score improved but 
not significantly [48]. When considering 
graft options alone, Hohn and Pandya found 
that gracilis allograft reconstruction in 
children and adolescents resulted in a low 
incidence of recurrent instability, 
comparable to published results using 
autografts [49]. The methods utilized for 
graft fixation in published literature include 
suture fixation, interference screws, suture 
anchors, staples, and suspensory cortical 
fixation devices. A technique without any 
hardware and good clinical outcome with 
no hardware related complications has also 
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been described [50]. Joyner et al. performed 
a cadaveric study to ascertain the strength of 
various graft fixation combinations at the 
femur and patella. They found that a 
construct having suture anchor fixation at 
patella and suspensory cortical fixation at 
femur needed significantly lesser force to fail 
than the native MPFL. Graft fixation by a 
suspensory cortical device at the femur and 
interference screw in patella was the 
strongest construct[51]. In the absence of 
standard defined practice guidelines or 
high-quality evidence, the performance of 
an MPFL reconstruction is currently guided 
by surgeon preference and skills and factors 
like allograft availability.

Surgical Technique

There are numerous techniques described 
in literature for MPFL reconstruction using 
all sorts of graft and fixation devices. 
However, the one element which must not 
change is adherence to anatomy and 
isometricity. The technique described 
below using a doubled gracilis tendon 
autograft has been used by the senior 
author routinely for over 13 years with 

good clinical outcomes and very low 
complication rates. The critical steps in this 
technique are:
1. Arthroscopic confirmation of mal-
tracking: A pre-operative work of the 
patient by clinical examination and imaging 
studies will reveal patella mal-tracking and 
MPFL deficiency. However, arthroscopic 
visualization of the lateral patellar tracking 
can be seen arthroscopically as well. An 
arthroscopy also reveals the status of patellar 
cartilage and any osteochondral lesion, 
besides other intra-articular pathology. This 
visualization of lateral patellar tracking is 
best seen from a high superomedial portal 
using a 30°arthroscope and the knee in full 
extension (Fig. 2). The knee is gradually 

flexed and extended to see and document 
how the patella mal-tracks is lower flexion 
angles but occupies the TG in deeper 
flexion.
2. Graft harvest and preparation: Our 
preferred graft is the gracilis tendon 
autograft. Every arthroscopy surgeon is 
familiar with the technique of harvesting 
this graft. A doubled gracilis graft provides 
adequate strength to the construct as to 
replace the MPFL. Using an autograft also 
eliminates allograft related complications. A 
3 cm long vertical incision is placed 2 cm 
medial to the TT. Full-thickness flaps are 
raised to expose the pes tendons. After 
palpating the tendon, a transverse incision is 
made in the Sartorius fascia at the level of 
the upper border of the pes. The gracilis 
tendon is delivered out with a pair of Mixter 
forceps. The tendon must be freed of all 
vinculae bands. The tendon is harvested 
using an open or closed stripper (Fig. 3). 
The free graft is cleaned to remove all 

Figure 1: TheSchöttle point [19] located with a 
microfracture awl intraoperatively using fluoroscopic 
guidance. The point lies 1.3 mm anterior to the posterior 
cortex extension line, 2.5 mm distal to the posterior 
origin of the medial femoral condyle, and proximal to the 
level of the posterior point of the blumensaatline. A true 
lateral view with posterior condyles over-lapping is 
absolutely essential.

Figure 2: Arthroscopic visualization of patella 
tracking laterally in the trochlea groove as seen 
from a high superomedial portal.

Figure 3: The gracilis tendon is harvested from 
a vertical incision placed medial to the tibial 
tuberosity.

Figure 4: (a) Two 2.8 mm titanium suture anchors are inserted in the superomedial patella after creating pilot holes 
with a 2.4 mm drill tip passing pin. (b) The distance between the anchors is about 1 cm.

Figure 5: The central portion of the gracilis tendon is 
placed between the two sutures of each anchor and tied 
firmly. The Layer I fascia must be sutured over the 
tendon.
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muscle and fat. The Sartorius fascia is 
repaired using Vicryl 0 suture.
3. Patellar fixation of graft: A 3 cm long 
vertical incision is taken along the 
superomedial border of the patella. Layer I 
is recognized and incised longitudinally to 
expose the patella. The implant of patellar 
fixation is two 2.8 mm Titanium suture 
anchors. The ventral border of patella where 
the transverse upper border curves to 
become vertical is marked. A 2.4 mm drill 
tip passing pin is used to drill two small 
holes about 1 cm apart. The two suture 
anchors are inserted into these pilot holes 
(Fig. 4a). The center of the gracilis tendon is 
marked and kept over the two anchors. The 
sutures from the anchors are used to tie the 
graft firmly (Fig. 4b). This gives us a double-
bundle graft for reconstruction. A gentle tug 
of the tendon confirms the stability of the 
fixation. The fascia (Layer I) is sutured over 
the suture anchor and tendon. This method 
of patella fixation allows a wider area of 
graft attachment at the patella to mimic 

a native MPFL and does not require any 
patella drilling or tunneling (Fig. 5).
4. Isolation of femoral graft attachment site: 
This is perhaps the single most important 
step which makes or breaks the 
reconstruction. A 3 cm longitudinal incision 
is made centered between the medial 
epicondyle and adductor tubercle. Layer I 
fascia is cut,and the sulcus between these 
two bony landmarks is located which is the 
anatomic and isometric point of MPFL 
insertion (Fig. 6). This is, however, not easy, 
especially in obese individuals. The use of 
intra-operative radiographic control to 
locate the Schottle’s point on a true lateral 
view with both posterior condyles 
overlapping (Fig. 1) is a great aid as 
discussed previously.
5. Femoral fixation of graft: The preferred 
graft fixation method on the femoral side is 
a bioabsorbable interference screw. A 2.4 
mm drill tip passing pin is drilled across the 
femur from the point isolated 
previously and confirmed on 

image intensifier. This point has to be exact 
and not merely acceptable. A 4.5 mm drill 
bit is use to dilate the track over the passing 
pin across both cortices. The doubled 
gracilis graft is then brought upto this point 
and marked. An extra 25 mm length is 
taken, and the rest of the tendon is cut 
(Fig.7a). This 25 mm length is what is 
intended to do into the femoral socket and 
is sutured with any high strength suture 
material using baseball stitches (Fig. 7b). 
This is important as the screw must sit on 
the suture and not the graft directly as this 
may lead to graft laceration and cut through. 
The doubled graft end is then sized, and this 
is usually 6 or 7 mm in diameter. A 6 or 7 
mm endoscopic reamer is then drilled over 
the passing pin for a depth of 30 mm to 
create a socket. The graft is then passed 
from the patella to femoral site deep to 
Layer I fascia, as the native MPFL is a Layer 
II structure (Fig. 8).The guide wire for 

chosen Bioscrew is 
inserted into the 
socket, and the graft 
end is then passed 
into the socket using 
a suture loop passed 
through the eyelet of 
the passing pin. The 
knee is brought to 
300 flexions and 
traction applied to 
the graft by an 
assistant. A 6 or 7 
mm diameter bio 
interference screw of 
23 or 25 mm length 
is inserted to fix the 
graft (Fig. 9). While 

Figure 6: A 3 cm long longitudinal incision placed 
between the adductor tubercle and medial epicondyle to 
expose the sulcus between these two bony landmarks 
where the graft has to be inserted. Radiographic 
confirmation of this point is helpful to reduce tunnel mal-
positioning.

Figure 7: (a) The doubled gracilis tendon is measured up to the point of insertion and an extra 25 mm length of tendon 
is preserved. (b) This 25 mm length of tendonis sutured with a high strength suture material using baseball stitches and a 
loop made at the terminal end. 

Figure 8: The graft is passed from the patellar to 
femoral side deep to Layer I. This mimics the 
location of native MPFL.

Figure 9: Fixation of the graft in thefemuris 
done using a bioabsorbable interference 
screw in 300 knee flexion. The patella is held 
reduced in the center of trochlea to prevent 
over-tensioning of the graft.

Figure 10: A complication of this technique is 
back out of suture anchor from the patella.
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doing this, over-tensioning must be avoided, and the patella is kept 
centered in the TG. Arthroscopic assistance to control this step is 
also worthwhile. Once the graft is fixed, proper tracking can be seen 
clinically or arthroscopically as previously described.
This technique is easily reproducible and has very low complication 
rates. Complications which have been encountered include 
infection, paresthesia at gracilis harvest site and anchor migration 
from patella (Fig. 10). Patella fracture risk is eliminated by this 
technique as there is no patella drilling or tunneling involved. 
Prevention of over tensioning will avoid loss of flexion in the early 
post-operative period, and medial side wears in longer follow-up.
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