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A comprehensive understanding of the role of surgery 
in the treatment of anterior knee pain (AKP) requires 
understanding the concept of homeostasis and accepting 
the hypothesis that significant loss of tissue homeostasis 
results in pain (1). Some tissue is under excessive load 
because there has been an acute injury or chronic overload. 
When challenged by overload of an acute or chronic nature, 
our musculoskeletal tissues demonstrate a remarkable 
ability to heal (return to asymptomatic homeostasis) given 
appropriate loading conditions and enough time. 

Loss of homeostasis  provokes pain by multiple 
physiological pathways. Soft tissue pain can result from 
chronic nerve injury, neural growth factor, ischemia, 
prostaglandins, and substance P (2-4). In addition, bone 
pain can result from osseous hypertension and venous 
congestion (5-6). AKP can range from incapacitating to 
merely annoying. Since it is ultimately the severity of the 
perceived pain that determines the extent of treatment, we 
must strive to understand well not only the purely biological 
pathology but also the psychological factors contributing to 
the perception of pain. 

The perception of painful impulses varies from patient 
to patient. Sanchis-Alfonso and others have studied these 
factors in the evaluation and treatment of AKP (7-10). In 
the overall mosaic of factors that create or disturb clinical 
homeostasis, mental factors must not be neglected. In a 
sense, psychological factors such as kinesiophobia and 

catastrophization affect mental “homeostasis” and must be 
considered in treatment. Depression and anxiety may also 
co-exist in patients with AKP. But we must remember that 
in most cases such conditions affect the perception of pain 
but are not the cause of the pain. Doménech et al. and Piva 
et al. have shown that psychological characteristics such as 
catastrophizing, anxiety, depression and kinesiophobia were 
reduced after treatment of AKP (7,9). It is important to 
remember these psychological conditions may coexist with 
AKP. This study is an encouragement to providers of the 
positive mental effects of successful treatment of AKP.

Other psychological conditions such as somatic 
symptom disorder (previously called somatization 
disorder) may represent unusual situations where the 
cause of pain could be a result of the actual psychological 
condition. Somatization is the experience and expression of 
psychological distress through bodily symptoms (11). Such 
situations of somatization are clearly diagnoses of exclusion 
and benefit from meticulous clinical evaluation to exclude 
anatomic/physiological conditions and must be treated in 
consultation with mental health professionals familiar with 
these conditions. 

It would be nice to be able to say that patient and 
thorough non-operative treatment can always result in 
homeostasis and pain relief but it does not. Even when 
principles of relative rest, judicious pharmacologic 
treatment, flexibility and strength restoration, whole 
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extremity/whole person rehab and living within the 
envelope of function are employed, symptoms can remain. 
In such cases it is imperative to have a conservative and 
precise approach to surgical options. 

So, what is “conservative” surgical treatment? 

The term “conservative” has been used so often in the 
context of non-operative care that it has sadly almost 
become synonymous with non-surgical care. But the 
Merriam Webster dictionary definition of conservative 
(the non-political definition) is “marked by moderation or 
caution” (12). This is the key to a proper surgical approach. 
Certainly “conservative” should not apply just to non-
operative care. When needed, we must do just enough 
surgery to provide a proper stimulus to allow natural 
healing to restore homeostasis. Less is better. Avoid excess. 

Make the right diagnosis

A specific diagnosis is paramount. This can result only from 
careful history and physical examination and wise use of 
imaging. As this topic has been comprehensively covered in 
a previous chapter, I will simply highlight the factors from 
clinical evaluation that help make specific diagnoses that 
may respond to surgery. 

There are several key questions to answer: 
	Is the pain source intra-articular or extra-articular? 
	Is there a structurally deficient articular surface?
	Is there objective “malalignment” causing overload?
Careful palpation is critical to properly diagnose and 

direct treatment. Focal tenderness is an important piece 
of the diagnostic puzzle. Simple pain diagrams have been 
proven to correlate with tenderness and are an inexpensive 
helpful tool (13). Prior scars are potential neuroma 
locations. Plica tenderness when prominent is an easy 
diagnosis. Tenderness over the quadriceps or patellar tendon 
attachments to the patella strongly suggest focal intra-
tendon pathology and surrounding inflammation. Tinel’s 
sign over the infra-patellar branch of the saphenous nerve 
is another important finding that can direct treatment. 
Tenderness of the infrapatellar fat pad is an important 
finding as is Hoffa’s sign.

If there is a palpable joint effusion present, this represents 
evidence of some degree of intra-articular inflammation. 
It is not the effusion that is the actual problem but “where 
there is smoke, there is fire” and the presence of an effusion 
should stimulate careful search for intra-articular pathology. 

Chondral, or synovial pathology can produce effusions. Do 
not forget about inflammatory arthritis in the differential 
diagnosis. 

Intra-articular injection can be useful both diagnostically 
and therapeutically. In the absence of medical contra-
indications, injection with 10 cc of bupivacaine combined 
with a local acting steroid preparation should provide 
some acute pain relief if there is a significant component 
of an intra-articular pain source. When I do this, the 
patient remains in the office for at least 15 minutes and 
is re-examined for objective (gait, squatting, resolution 
of tenderness) and subjective relief. Direct injection of 
symptomatic plica can be very useful on occasion (14). One 
must remember that there could be some placebo effect to any 
injection, but response to injection is another important clue. 

Similarly, extra-articular injection with a smaller volume 
of local anesthetic can serve the same purpose when a focal 
area of soft tissue tenderness is discovered. This can be 
useful particularly when a neuroma is suspected or in the 
presence of other focal retinacular tenderness (15). 

Imaging is yet another piece of the diagnostic puzzle. 
X-ray and/or CT scan provide key information about bone 
lesions, alignment, joint space narrowing, osteophytes 
and possible loose bodies. Bone scan is a sensitive way 
of assessing the degree of current biological response to 
injury or overuse. A single-photon emission computerized 
tomography (SPECT) scan can be a tremendous help in 
sorting out complex cases since bone and alignment are 
precisely seen plus an assessment of the areas of biological 
overload or injury. In situations where surgical unloading 
is to be considered, I have felt that a biological overload 
assessment (bone scan or SPECT) is prudent to be sure 
of the surgical plan. MRI scan can provide much of this 
information but scans are often of variable quality and image 
sequences inconsistent to provide consistent evaluation of 
focal overload. Ultrasound is a useful and inexpensive way 
to evaluate focal areas of suspected tendinosis. 

Before we discuss specific surgical interventions, we 
must pause and consider the question of patellofemoral 
malalignment. “Malalignment” has been often discussed 
as a major factor causing AKP and has been extensively 
studied and recommendations for surgical treatment have 
often centered on searching for and correcting perceived 
malalignment. One problem with this approach is that 
anatomic malalignment as often defined by imaging 
measurements is commonly seen in asymptomatic patients. 
We must look beyond the imaging study to understand 
malalignment (16). Incorporating Dye’s principles of 
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homeostasis and envelope of function it is perhaps better 
to define patellofemoral “alignment” as the result of a 
combination of passive (soft tissue, bony) constraints 
and dynamic factors (strength/flexibility/neuro-muscular 
control) (16).

Us ing  th i s  expanded def in i t ion  of  a l ignment , 
malalignment then can be defined to be when bony 
al ignment,  joint  geometry,  soft  t issue restraints , 
neuromuscular control and functional demands combine to 
produce symptoms as a result of abnormally directed loads 
which exceed the physiological threshold of the tissues. 
Clearly all these factors cannot be discerned on a viewbox. 
Careful clinical evaluation is paramount (16). No single 
imaging finding defines absolute indication for a surgery or 
predicts failure of non-op treatment.

How can surgery help?

Removing the focus of inflammatory soft tissue pain

When a focal soft tissue source of pain can be identified 
such as a pathologic hypertrophic medial parapatellar plica, 

fat pad hypertrophy and scarring, or localized synovial 
hypertrophy debridement of the pathologic tissue can 
provide dramatic relief. 

As has been shown by Dorchak et al., pre-operative 
diagnosis of the pathologic medial parapatellar plica and 
arthroscopic findings of chondral abrasion from the plica 
impingement correlates with better results after plica 
excision (17). 

Focal areas of hypertrophic synovitis sometimes cause 
AKP and fail to respond to non-operative treatment. In 
such cases, arthroscopy must be done very carefully to find 
focal area of synovial hypertrophy which are often peri-
patellar, most common medially and at the inferior pole 
of the patella in my experience. Meticulous debridement 
of focal areas of synovitis that correlate with symptoms 
is a valuable and minimally invasive treatment (Figure 1). 
During arthroscopy, one must look deliberately at all the 
synovial surfaces, plicae (if present) and the fat pad. Use 
of a proximal medial arthroscopic portal has been very 
helpful in some complex cases of anterior compartment soft 
tissue pathology (18). Looking from this portal provides a 
panoramic view of the anterior soft tissues and avoids the 
potential error of looking past the pathology when inserting 
the scope from a peri-patellar tendon portal. 

The fat pad is among the most densely innervated tissues 
in the knee (19). In vivo arthroscopic palpation of the un-
anesthetized fat pad produces severe pain (20). When the 
fat pad mobility is limited or pathologically hypertrophied 
and impinged upon by surrounding structures, pain results. 
This pain often responds to non-operative measures but 
may require surgery. Arthroscopic treatment should include 
meticulous resection of the hypertrophied and impinging 
fat pad and surrounding synovitis (21). 

Synovial  pl icae are normal structures that  can 
become pathologic when thickened and inflamed. The 
medial plica is the most commonly symptomatic and 
can be palpated on physical exam. Focal tenderness 
reproducing symptoms makes this an easy diagnosis. 
When unresponsive to non-surgical care, excision of the 
plica and surrounding synovitis is frequently curative 
(22,23). Such truly pathologic plicae when chronic have 
often produced areas of chondral change along the 
medial trochlea from chronic impingement (Figure 2).  
When resection such a plica it is important to remove not 
only the synovitis but the entire band thickened plical tissue 
down to the medial plica. Intra-operative range of motion 
(ROM) should confirm no further soft tissue impingement.

When there is focal scarring post-operatively of the 

Figure 1  Pat ient  with chronic  anter ior  knee pain,  no 
malalignment. (A) Hypertrophic medial parapatellar synovitis; (B) 
same view, same patient after meticulous partial synovectomy.

A

B
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anterior interval as defined by Steadman after injury 
or surgery, AKP may result (24). Cadaveric study also 
documents biomechanical changes and patella infera with such 
simulated adhesion (25). Specifically, this involves scarring in 
the interval between the posterior fat pad and the proximal 
tibia just posterior to it as well as to the intermeniscal ligament. 
These tissues are normally mobile and during arthroscopy in 
a normal knee one can see anterior movement of the fat pad 
relative to the menisci and intermeniscal ligament with knee 
extension. Arthroscopic release of this contracture produced 
good results likely from relief of pathologic tension upon the 
very highly innervated fat pad. 

With all these arthroscopic procedures, careful hemostasis 
and gentle post-operative rehabilitation is essential. Avoiding 
postoperative effusion or hemarthrosis greatly facilitates 
recovery as joint effusions as small as 30cc have been 
shown to produce arthrogenic quadriceps muscle inhibition 
experimentally (26,27).

Stimulating a healing environment 

When injury or overuse have resulted in an area of localized 
tendinosis, non-operative treatment almost always works. It 
has been well documented in the literature that tendinosis 
can be asymptomatic even in elite athletes (28,29) so it 
is critical that this diagnosis be made primarily clinically 
with imaging as confirmation when necessary. Treatments 
including stretching, gentle eccentric exercise within the 
envelope of function, ultrasound-guided platelet-rich 
plasma (PRP) injection and extracorporeal shock wave 

have support in the literature (30-32). Surgery to debride 
the pathologic tissue can be very effective in the unusual 
situation where non-operative treatment fails. The principle 
here is just as with other surgeries for tendinosis such as 
lateral elbow tendinosis. Surgical excision of the pathologic 
tissue provides a stimulus for healing tissue, which exposed 
then to proper loads can produce healing and restoration 
of function. Procedures described often include abrasion 
of the inferior pole of the patella as well. Arthroscopic and 
open procedures have been described. While the extent of 
debridement has varied among various open techniques 
(33,34) good results have been reported. Likewise, 
arthroscopic techniques have been described with similar 
success (26,35). Figure 3 shows MRI of typical patellar 
tendinosis and surgical findings during debridement. Of 
interest is that when the procedure is done arthroscopically 
one consistent finding is focal synovitis at the posterior 
surface of the patellar tendon near the pathologic 
tendinosis. In fact, one study focused on debridement of 
this inflammatory focus behind the tendon without tendon 
debridement and had very good results (37). This area of 
synovitis and fat pad hypertrophy is also accompanied by 
hypervascularity on the posterior proximal tendon. The 
ability to precisely address this area of inflammatory soft 
tissue hypertrophy may be an advantage at least theoretically 
of the arthroscopic approach, though trans-tendinous open 
surgery could potentially reach the same tissue. This is 
not an operation that should be needed very often. Soft 
tissue pain can also come from retinacular structures. Focal 
findings in retinacular tissues that are unresponsive to non-
operative care are unusual but can be successfully treated 
by local debridement of the retinaculum (15). The key to 
finding such sources of soft tissue pain is careful palpation.

Releasing pathologically tight structures 

Lateral retinacular release (LRR)was originally introduced 
as procedure for recurrent patellar instability and AKP. 
Long-term follow up has shown LRR for instability to 
have a high recurrence rate and LRR has been abandoned 
as a treatment for patellofemoral instability (38-40). When 
patients have AKP, hypomobile tender lateral retinaculum, 
excessive lateral patellar tilt (without lateral translation) 
on imaging study and minimal articular degeneration 
(Outerbr idge I/II )  LRR can be  cons idered (41) .  
Lateral release can be done arthroscopically or by an open 
procedure. In either case, one must avoid damaging the 
vastus lateralis tendon proximally. Iatrogenic medial patellar 

Figure 2 Pathologic medial parapatellar plica with associated 
typical chondral changes over medial femoral condyle.
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instability is a disabling complication of lateral release and 
can occur after excessive lateral release or in the setting of 
lateral release done in the absence of true lateral pathologic 
hypomobility (42-44). Lateral retinacular lengthening is 
an alternative procedure that has demonstrated equivalent 
efficacy with a lower rate of iatrogenic medial instability 
(45,46). Lateral retinacular lengthening is done as an open 
procedure. The superficial layer of the lateral retinaculum 
is incised along the length of the patella. Dissection then 
proceeds posteriorly between the superficial and deep 
layers. The deep layer is then transected longitudinally 

2 cm posterior to the initial incision in the superficial 
retinaculum. Any soft tissue tethers distal to the deep layer 
of the retinaculum also should be released to allow patellar 
tilt to be unconstrained by any soft tissue. The proximal 
extent of the release should be at least to the superior pole 
of the patella. If release must extend more proximally than 
this, one must be certain to protect the vastus lateralis 
tendon insertion. The anterior edge of the deep retinacular 
layer is then sutured to the posterior limb of the superficial 
retinaculum without tension with the knee flexed. The 
knee should be carefully tested though full ROM to 
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Figure 3 Patient with chronic patellar tendinosis. (A) MRI image showing findings of proximal patellar tendinosis (arrow); (B) intra-
operative view of the same patient with arthroscopic exposure of the posterior proximal patellar tendon after excision of hypertrophic fat pad 
and synovium overlying the tendon. Note hypervascularity of tendon at inferior pole of patella; (C) use of a shaver to debride recognizable 
area of tendinosis; (D) after debridement of tendinosis; (E) arthroscopic abrasion of inferior pole of patella.
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be sure that the lengthening repair is secure. Careful 
attention to hemostasis is needed as the superior lateral 
geniculate vessels are a common cause of hemarthrosis. If 
the procedure is done under tourniquet, the tourniquet 
should be release and hemostasis assured prior to wound 
closure. In actual practice lateral release or lengthening 
is very rarely needed as an isolated procedure given the 
success of contemporary non-operative management is such 
patients. In a survey of the International Patellofemoral 
Study Group, a group with special expertise and experience 
in treatment of patellofemoral disorders, lateral release was 
rarely performed (40). In my opinion, the best way to avoid 
complications if surgery is absolutely needed for AKP in 
this clinical scenario is to consider a lateral lengthening 
procedure. That said, in my personal experience in a 
busy sports medicine practice, it has been years since 
I have needed to recommend isolated LRR or lateral 
lengthening.

Relieving articular overload

In the presence of pathologic lateral tilt/lateral translation 
with Outerbridge III–IV changes, and minimal tibiofemoral 
arthrosis, anteromedialization (AMZ) of the tibial tuberosity 
as described by Fulkerson is very effective (47-49). Distal 
and lateral articular lesions respond best to this unloading 

osteotomy (50). While this is a major open procedure, 
pain relief is reproducible. Results are consistently good 
and patients satisfied but this procedure does not result 
in normal knee function when there are Outerbridge III–
IV changes (48,51-53). Consequently, AMZ has been 
combined with attempts at biological resurfacing in these 
challenging patients with encouraging results (54-56). The 
exact indications for when complex biological resurfacing 
protocols are indicated are still evolving. 

When considering anteromedialization, it seems prudent 
to require clear imaging evidence of lateral patellar facet 
overload. In my practice I prefer SPECT scan for this 
purpose since it provides precise alignment data as well as 
biological data from the nuclear part of the study (Figure 4).  
High quality MRI scan or bone scans may give similar 
information. If such advanced studies are not available, 
patellar axial views in early flexion should show evidence of 
lateral facet sclerosis and joint space narrowing. 

Various manufacturers have produced instrumentation 
for AMZ but specific guides are not necessarily required 
as basic orthopedic instrumentation suffices. Fulkerson’s 
original technique has been reproducible for me (47). 
Arthroscopy is always done at the time of AMZ to search 
for other intra-articular pathology and to debride focal areas 
of synovitis and unstable chondral fragments. Biological 
resurfacing which might include abrasion/microfracture/
autologous chondrocyte implantation are considerations, 
but in my practice I have been very satisfied with minimalist 
debridement of unstable fragments. Important surgical 
pearls include fully mobilizing any adhesions between the 
patellar tendon and the fat pad, performing adequate lateral 
release sparing the vastus lateralis, being certain to make 
the osteotomy steep enough to accomplish anteriorization 
in the 15-mm range, using bicortical lag screw fixation, 
countersinking the heads of the fixation screws and assuring 
meticulous hemostasis. Tapering the osteotomy distally to 
avoid notching of the anterior tibial cortex is essential. Early 
quadriceps exercises, ROM as tolerated and partial weight 
bearing are key for the first 6 weeks. 

Case reports of tibial fracture with early full weight 
bearing have modified early recommendations for more 
aggressive rehabilitation (57,58). This is a major open 
operation and there is no reason to rush aggressive 
rehabilitation. Tibial fractures have reported as late as  
3–6 months post-operatively (59). Avoidance of notching 
the anterior tibial cortex was emphasized by multiple 
authors to prevent this complication (58,59). The knee has 
lots of healing to do toward restoring ultimate homeostasis 

Figure 4 SPECT scan showing typical findings of lateral tilt, 
lateral translation, joint space narrowing and focal lateral facet 
overload in a patient who would be a good candidate for AMZ. 
SPECT, single-photon emission computerized tomography; AMZ, 
anteromedialization.
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and rehab must be patient. Improvements in function 
typically continue for six months or more in these patients, 
though many are improved compared to pre-operative 
status by three months. 

Improve the surfaces by biological or prosthetic resurfacing

Prominent focal chondral flaps may be the source of 
notable AKP when such unstable fragments are present on 
the patella or trochlea. In such cases I prefer a minimalist 
debridement of only unstable fragments. More aggressive 
chondral procedures can be done as secondary procedures 
if needed and often no further surgery is needed. As noted 
above in the discussion regarding anteromedialization, 
biological resurfacing procedures for focal chondral 
defects have become more successful when combined with 
appropriate unloading and realignment procedures. In 
extreme situations, unipolar or even bipolar osteochondral 
allografts have been used in young patients. Results have 
been encouraging in small series and techniques continue to 
evolve (60,61). In severe cases of malalignment and arthrosis, 
patellofemoral arthroplasty (PFA) can be very successful 
(Figure 5). Just as any other prosthetic arthroplasty careful 
consideration of a patient’s physiological age and activity 
demands are key to the longevity of the treatment. Return 
to a patient’s desired activity level has recently been 
reported to occur in 72% of patients (62). Generally, such 

patients are severely disabled before surgical treatment and 
may experience dramatic improvement postoperatively. 
Early experience with PFA was complicated by alignment, 
instability and implant issues but as surgical techniques and 
implants have improved, so have results. Nonetheless, PFA 
like other infrequently needed procedures for AKP should 
be done primarily by surgeons well trained and confident in 
handling complex patellofemoral pathology.

Before closing this article, I hasten to say, surgery for 
AKP is a last resort and not very often needed. But when 
focal pathology can be identified logical intervention can 
be very successful. Minimalist approach to debridement 
of inflammatory foci of synovium and fat pat, conservative 
debridement of unstable chondral fragments can bring 
dramatic improvements. Sometimes major surgery such 
as AMZ and PFA is necessary, but remember there are 
no absolute radiographic indications for such major 
surgery and patients with notable imaging pathology are 
commonly improved without surgery. Gentle rehabilitation 
within the patient’s envelope of function must always 
be the rule. Restoration of tissue homeostasis by these 
techniques can make a tremendous difference in these 
patients’ lives. Likewise, poorly executed or ill-advised 
surgical intervention can be catastrophic. Careful clinical 
judgement is paramount. Any surgical procedure should 
be “conservative”—marked by moderation and caution. 
Primum non nocere.

Figure 5 Severe bilateral end-stage lateral patellofemoral arthrosis and malalignment treated successfully with staged patellofemoral 
arthroplasty.
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