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•	 Native patellar tendon injuries are seen in younger patients compared to quadriceps 
tendon ruptures.

•	 Up to a third of the patients may have local (antecedent tendinopathy and cortisone 
injections) or systemic risk factors (obesity, diabetes, hyperparathyroidism, chronic renal 
failure, fluoroquinolone or statin use) of injury, these are more frequent in bilateral 
disruptions.

•	 Complete extensor mechanism disruptions should be repaired surgically. Although isolated 
primary repair has been reported to have good outcomes in younger patients with acute 
tears and good tendon quality, augmentation of the repair with autograft, allograft or 
synthetic material should be considered in patients with poor tendon quality, chronic tears 
or tendon defects.

•	 High rates of return to work/sports have been reported in native patellar and quadriceps 
tendon tears, with re-rupture rates <5%.

•	 Extensor mechanism disruptions in patients with a total knee arthroplasty are challenging 
due to older age, systemic co-morbidities and poor local conditions, resulting in inferior 
outcomes compared to native extensor mechanism injuries. Some form of augmentation 
with autograft, allograft or synthetics is advisable in all cases. Salvage procedures such as 
whole extensor mechanism allografts provide acceptable outcomes in multiply operated 
knees with extensive bone and soft tissue deficits.

Extensor mechanism disruptions are serious knee injuries 
resulting in considerable loss of function and morbidity. 
The injury may present itself in three main settings, namely, 
primary ruptures of the tendon, disruptions in patients 
with a knee replacement and finally patellar tendon 
ruptures associated with multi-ligament injuries of the 
knee. Early surgical repair with or without augmentation 
in the first few weeks following injury is advisable in acute 
injuries as delayed treatment results in inferior outcomes 
and may require more complex reconstructions (1). The 
postoperative recovery takes several months and requires 
extended rehabilitation programs. A recent systematic 
review of 48 studies has reported re-rupture rates of 
0.3% for patellar and 2.6% for quadriceps tendon repairs 
(2). Although satisfactory patient-reported outcomes 
are possible after repair, loss in muscle volume and 

electromyographic changes may persist even 10 years 
after surgery (3). This paper will review the epidemiology, 
clinical presentation, imaging and treatment options of 
this serious knee injury.

Patellar tendon ruptures

Injury mechanism

Three main injury mechanisms resulting in patellar tendon 
ruptures are:

1.	 Indirect low-energy trauma is the most common 
tear type, occurring after eccentric contraction of the 
quadriceps muscle.

2.	 Indirect high-energy trauma: patellar tendon rupture 
may be a part of multi-ligamentous injury of the knee 
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and may be accompanied by meniscus and cartilage 
injuries, avulsion fractures and neurovascular injury.

3.	 Direct injury to the tendon: possible injury 
mechanisms include penetrating trauma, iatrogenic 
injuries or dislocation of the tibial bearing after knee 
replacement.

Epidemiology

The incidence of patellar tendon ruptures has been 
reported to be 0.68 per 100,000 person-years in the 
general population (4). The peak incidence of low-energy 
patellar tendon tears is seen in the third and fourth decades 
of life in non-arthroplasty patients.

A variety of risk factors including age > 40, steroid 
injections (5), previous patellar tendinopathy, diabetes, 
obesity, inflammatory arthritis (systemic lupus 
erythematosus, gout and rheumatoid arthritis) and 
osteogenesis imperfecta have been reported. Systemic 
conditions such as hyperparathyroidism, chronic renal 
failure and dialysis and Ehlers–Danlos syndrome may 
increase the risk of bilateral tendon injuries (6). Repetitive 
micro-trauma in athletes leading to patellar tendinopathy 
may play a role (7). The use of fluoroquinolones has been 
associated with an increased risk of tendon ruptures (8). 
However, a recent study of over 1 million cases could find 
no association of tendon ruptures with fluoroquinolones 
except for levofloxacin (9).

Clinical presentation

The injury is quite dramatic with acute pain followed by 
swelling and inability to bear weight. A palpable defect 
may be observed if the tear is complete and the patella 
has migrated proximally. The hallmark of patellar tendon 
injury is weakness or loss of active extension. This may be 
difficult to appreciate in the acutely painful and swollen 
knee, and a high index of suspicion is warranted.

Imaging

Plain radiographs may depict avulsion fractures from the 
inferior pole of the patella or rarely the tibial tuberosity. 
Unilateral patella alta compared to the uninjured knee may 
be observed in complete tears. An Insall–Salvati index over 
1.2 is indicative of a patellar tendon tear (Fig. 1). Changes 
in the inferior pole of the patella or the tibial tuberosity 
may be clues for antecedent tendinopathy.

Ultrasound diagnosis of patellar tendon tears is 
relatively inexpensive and readily available but is 
operator-dependent. A high rate of false-positive 
results (up to 33%) has been reported in some studies, 
particularly for quadriceps tendon tears in obese or 
muscular patients (10).

The gold standard in imaging of patellar tendon 
tears is MRI. Undulating appearance of the tendon with 

discontinuity at the tear site is typical for complete tears 
(Fig. 2). Partial tears may appear as increased signal 
intensity at the patella-tendon interface and thickening of 
the tendon (11).

Treatment

Partial tears of the patellar tendon may be treated non-
operatively (12). No clear guidelines exist, but a few 
weeks of immobilization in extension followed by 
gradually increasing passive flexion has been advocated. 
Strengthening exercises can be started after 6 weeks.

Primary repair is indicated for acute complete patellar 
tendon ruptures with good tissue quality (13). Transosseous 
tunnels or suture anchors are the most common methods 

Figure 1
(A) Lateral X-ray of a patient with patellar tendon rupture, 
note patella alta and anterior prominence of the inferior 
patella pole; (B) Correction of patellar height after primary 
repair and augmentation with hamstring tendon grafts 
through bone tunnels.

Figure 2
MRI of a patient with avulsion of the patellar tendon from the 
patella. Hyperintense defect at the injury site (white arrow) with 
undulation of the tendon is visible.
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of fixation. Suture anchor repair has demonstrated similar 
or superior biomechanical properties compared to the 
traditional technique of trans osseous repair. Less gapping 
at the repair site and better resistance to cyclic loading 
have been proposed as advantages of suture anchor 
repairs (14, 15).

The addition of metal cables or synthetic tapes to 
protect the primary repair increases the stability of the 
construct, decreases gapping at the repair site and may 
allow for earlier motion (11, 16). Historically, metal cable 
or cerclage wires have been used to protect the repair; 
however, these have been associated with material 
breakage, infection, skin necrosis and may necessitate a 
second surgery for implant removal. Ultra-high molecular 
weight polyethylene cables/wires (17, 18) and polyester 
tapes (19) and PDS cords (20) have also been used to 
augment the repair, avoiding most of the complications of 
metal cables or wires.

Although satisfactory outcomes can be achieved in 
acute patellar tendon repairs without augmentation in 
younger athletes (21), biological augmentation with 
autologous tissues may improve the outcomes if the 
quality of the tendon or strength of the repair is found 
to be inadequate during primary repair (22). Hamstring 
tendons are readily available, close to the repair site 
and can be harvested with minimal morbidity. These 
tendons may be passed through transpatellar tunnels or 
routed around the proximal patellar pole and sutured 
onto each other to increase stability. This author prefers 
to use two transverse tunnels, one in the patella and 
the other at the level of tibial tuberosity if an adequate 
length of hamstring tendons can be harvested. The 
tendons are weaved through the lateral and medial 
retinaculae and fixed in the boney tunnels using 
biodegradable interference screws (Fig. 3). Restoration 
of correct patellar height is critical and can be verified 
radiologically.

Chronic or neglected patellar tendon tears need 
to be augmented with auto or allograft tendons. The 
outcomes of chronic reconstructions are inferior to 
acute repairs due to muscle atrophy, scarring and 
chronic proximal migration of the patella. The most 
commonly used tendons are the hamstrings with their 
tibial attachments left intact (23) or as free grafts (12, 
24). The tendon grafts are placed in transpatellar and 
trans-tibial tunnels in an X or rectangular configuration, 
tensioned and fixed with interference screws or non-
absorbable sutures. The patellar tunnel for the tendon 
graft may be vertical or transverse depending on the 
technique employed. The use of reversed quadriceps 
tendon grafts with bone blocks (25) and contra-lateral 
central third bone-patellar tendon grafts (26) have also 
been reported.

Allografts are indicated in patients with chronic 
patellar tendon defects with poor native tissue, significant 
retraction or failed primary repairs. Fresh-frozen Achilles 
tendon with bone block or bone-patellar tendon-bone 
grafts are the most frequently used allografts. The 
outcomes of these patients are satisfactory with good 
range of motion and return to activities of daily living; 
however, residual extensor lag may be present up to a 
third of the cases (12) and return to high-impact activities 
may not be possible (27).

Partial or complete extensor mechanism allografts 
comprising the quadriceps tendon, patella, patellar 
tendon and tibial tuberosity may be utilized for chronic 
disruptions with poor tissue quality. Better outcomes have 
been reported in patients with primary chronic patellar 
tendon disruptions compared to patients having a total 
knee arthroplasty in place (28).

Return to sports

High rates of return to sports (RTS) 6–12 months following 
patellar tendon repair have been reported. A recent systematic 
review of 33 studies including 757 patients found an overall 
rate of return to play of 88.9%, with 80.8% returning to the 
same level of sports (2). Age over 40 years and BMI > 25 have 
been associated with lower rates of RTS (29).

Figure 3
Augmentation of primary repair of the patellar tendon with 
hamstring tendons; (A) Both hamstrings have been harvested 
with their distal insertions intact, guide wires are placed in the 
patella and tibial tuberosity for bone tunnels; (B) Hamstring 
tendons are placed through these tunnels in a rectangular fashion 
and sutured on to each other; (C) Final appearance of the 
construct.
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Quadriceps tendon tears

Epidemiology

Quadriceps tendon tears are usually seen in older patients 
compared to patellar tendon tears. Garner et al. found 
the median age of patients with quadriceps tendon 
tears to be 61, compared to 39.5 for patellar tendon 
ruptures (30). Reported risk factors for quadriceps 
tendon tears are obesity, diabetes mellitus, rheumatoid 
arthritis, chronic tendinopathy with bone spurs (31), 
amyloidosis and systemic or local corticosteroids (32). A 
third of the cases have been reported to have systemic 
co-morbidities associated with tendinopathy (30). The 
prevalence of systemic risk factors is higher in bilateral 
quadriceps tendon ruptures with almost two-thirds of 
these cases having a predisposing factor (33). Otherwise 
healthy patients may also experience quadriceps tendon 
tears due to forceful eccentric contraction of the muscle. 
The use of statins is associated with an increased risk of 
quadriceps tendon rupture, probably by the inhibition 
of matrix metalloproteinases interfering with tendon 
remodeling (34).

Clinical presentation

Acute pain with a tearing sensation after eccentric 
quadriceps contraction is typical for acute tears. The 
hallmark of complete distal quadriceps tendon tears 
is loss of active extension strength. Some patients 
may still be able to perform a weak extension against 
gravity if the medial and lateral retinaculae are intact. A 
palpable defect may be present on the superior pole of 
the patella.

Imaging

Plain radiographs may depict avulsion of small fragments 
from the patella (Fig. 4). Spurs and calcifications in the 
bone-tendon junction indicating antecedent tendinopathy 
may be observed in two-thirds of these patients (35). Patella 
infera may not always be seen, only 39% of the cases had a 
Caton–Deschamps index <0.8 in one series (32).

Ultrasound (US) diagnosis of quadriceps tears yields 
over 95% rates of sensitivity and specificity in expert 
hands (36). However, the accuracy of US is operator-
dependent and may be lower in morbidly obese or 
heavily muscular patients.

MRI is the gold standard in the diagnosis of quadriceps 
tendon injuries. Discontinuity of the tendon fibers and 
gap formation at the proximal pole of the patella may be 
observed (Fig. 5). Signs of previous enthesopathy were 
found in 66% of the cases in a recent series (37).

Treatment

Repair in the first 3 weeks following trauma is the treatment 
of choice for acute tears of the quadriceps tendon. 
Delay in the diagnosis and treatment leads to inferior 
functional outcomes and may necessitate augmentation/
reconstruction procedures. Both transosseous sutures and 
suture anchors have been used for primary repair.

Two high-strength sutures are passed through the 
quadriceps tendon in a continuous Krackow type locking 
stitch for transosseous repair. These are passed through 
three longitudinal transpatellar tunnels and tied over the 
inferior pole of the patella under appropriate tension. 
Anchor repair of the quadriceps tendon requires at least 
three anchors placed in the superior pole of the patella, 

Figure 4
Lateral X-ray of a patient with quadriceps tendon avulsion from 
the proximal pole of the patella. Arrows indicate the boney 
fragment.

Figure 5
MRI of a patient with mid-tendon injury. Discontinuity of the 
tendon fibers and undulation of the tendon are seen.
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taking care to avoid damaging the articular surface. The 
suture limbs are weaved through the tendon and tied 
under appropriate tension. Biomechanical comparisons 
of the two techniques report conflicting results, with 
some studies finding stronger fixation with transpatellar 
tunnels (38), while others reporting superior fixation 
strength with suture anchors (39, 40). New generation 
strengthened tapes are superior to sutures (39). 
The proposed advantages of anchors are a smaller 
incision, less dissection and avoidance of fracture risk; 
however, there are increased costs related to the use of 
these implants. Nevertheless, both transosseous and 
suture anchor repairs report satisfactory outcomes in 
non-arthroplasty patients with high rates of return to 
activities of daily living and work (32, 41) with no major 
difference in clinical outcomes (42) or gait analysis 
parameters (43). A recent systematic review of eight 
clinical studies has shown similar functional outcomes 
and re-rupture rates with transosseous sutures and 
suture anchors (44).

The need for augmentation of the repair with 
synthetics or autogenous tendon grafts for acute repairs 
is debatable, since good outcomes have been reported 
in patients without augmentation (45). Augmentation 
may offer advantages in early mobilization and protection 
of the repair site in patients with poor tendon quality. 
This author prefers to augment the repair with a non-
rigid tape material passed around the patella and tied 
onto itself in obese patients, previous tendinopathy and 
predisposing factors (46). The safe range of motion (i.e. 
no tension and gapping at the repair site) is tested intra-
operatively, determining the limits of knee motion in the 
early postoperative period.

Cast immobilization up to 10 weeks has been used 
in the postoperative period in the past. This has been 
associated with muscle atrophy, stiffness and delay 
in return to work and sports. At the other end of the 
spectrum, some surgeons advocate unrestricted, 
brace-free weight-bearing and full range of motion 
immediately after surgery (47). Most programs are 
between the two philosophies with protected weight-
bearing and incremental passive range of motion for  
6 weeks. The rehabilitation protocol used by the author 
employs an adjustable knee brace with partial weight-
bearing for 6 weeks. Passive knee flexion is started within 
the safe limits of motion determined intra-operatively. 
The goal is to achieve 90° of flexion at 6 weeks and 
full flexion at 8 weeks. Active extension is delayed for 
4–6 weeks depending on the strength of the repair and 
quality of tissues. Active and resistive exercises can be 
started after 6–8 weeks complemented with stationary 
bike and pool exercises. Running is permitted at  
4 months along with sports-specific exercises. Return 
to sports is around 5–6 months.

Chronic tendon tears with retraction of the tendon 
need a variety of techniques to reconstruct the continuity 
of the extensor mechanism. Local turndown flaps created 
from the quadriceps tendon (Codivilla technique) and 
Scuderi type V-Y plasty to lengthen the tendon may be 
needed (48). Autogenous hamstring tendon grafts can be 
utilized in patients with poor tendon quality (Fig. 6). The 
postoperative rehabilitation program is slower compared 
to primary repairs. Synthetic mesh augmentation may be 
used in failed primary repairs of the quadriceps tendon, 
especially in patients with systemic comorbidities and 
poor tendon quality (49).

A systematic review of 319 quadriceps repairs found 
that the worst results were noted in delayed repairs (50). 
Reported complications included heterotopic ossification 
(6.9%), deep venous thrombosis or pulmonary embolism 
(2.5%), superficial infection (1.2%) and deep infection 
(1.1%). The overall rate of re-rupture was 2% (50).

Return to sports

In a meta-analysis of 18 studies including 378 patients, 
Haskel et al. have found an overall rate of return to play 
of 89.8%, with 70 % of the athletes returning to the same 
level of play (2). Return to work was possible in 95.9% of 
the cases. This study reported that mean time to return to 
play was 4.6 months with a low re-rupture rate (2.6%).

Extensor mechanism disruptions in 
knee arthroplasty

The incidence of extensor mechanism disruptions after 
TKA has been reported to be in the range of 0.17–2.5% 
(51). This disruption may be due to patellar or quadriceps 
tendon rupture, patellar fracture or dehiscence of the 
repaired arthrotomy site. The patients are older and many 
have medical co-morbidities. The quality of the soft tissues 
may be attenuated due to infection, multiple surgical 
procedures, osteoporosis and loss of patellar bone stock. 

Figure 6
Augmentation of transosseous repair of a chronic quadriceps 
tendon injury with (A) placement of three rows of Krackow type 
sutures; (B) augmentation of the repair with a crossed 
hamstring tendon graft passing through the patella and 
proximal tendon.
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The vascularity of the extensor mechanism may be altered 
due to the arthrotomy, fat pad resection, lateral release 
or tibial tubercle osteotomy (52). Extensive dissection, 
over-resection of the patella, joint line elevation causing 
impingement of the tendon and multiple revisions may 
worsen this situation (52, 53). Manipulation under 
anesthesia for stiff knees is another risk factor, especially 
if performed later than 3 months (53). The outcomes of 
surgical repair of extensor mechanism in patients with TKA 
are worse than native tendon injuries. The risks of soft-
tissue complications, infection and residual extensor lag 
are higher.

Patellar tendon disruptions in 
knee arthroplasty

Intra-operative injuries

Intra-operative peel-off of the patellar tendon from the 
patella or tibial tubercule may occur in patients with 
severe osteoporosis or stiff knees. Previously operated 
knees with scarring around the tendon or loss of 
proximal tibial metaphyseal bone stock have an increased 
risk for patellar tendon avulsion. When patellar tendon 
disruption is diagnosed intra-operatively, primary repair 
with suture anchors and transosseous sutures should 
be performed before cementing the final implants. This 
repair may be augmented with autogenous hamstring 
tendons and wire/cable/strengthened tape constructs 
(54). There are no clear guidelines on the use of 
postoperative braces, limitation of motion and weight-
bearing after intra-operative repair, and the decision 
should be individualized according to the quality of soft 
tissues and stability of repair.

Post-operative patellar tendon disruptions

Patellar tendon injury after TKA usually occurs with 
falls on a hyper flexed knee or eccentric contraction of 
the quadriceps muscle. The risk factors associated with 
native patellar tendon injuries are also associated with an 
increased risk of tendon ruptures in patients with TKA (52). 
Dislocation of the polyethylene insert in either fixed or 
mobile-bearing implants may damage the patellar tendon 
(Fig. 7). Failure of fixation of tibial tubercle osteotomy 
during primary or revision TKA is another cause of active 
extension loss.

Clinical presentation

Patients with patellar tendon disruptions typically present 
with an inability to extend the knee, pain and instability 
during walking or descending stairs. An infra-patellar 
defect may be palpable in chronic cases and a high riding 
patella on the injured side can be observed. Proximal 

migration of the patella is identified in lateral X-rays 
(Fig. 8), and avulsion fractures from the tibial tuberosity 
are uncommon. Ultrasound diagnosis may be helpful if 
clinical examination is inconclusive. MRI of the knee with 
metal artifact reduction sequences may also be utilized.

Treatment options

Conservative treatment with bracing is indicated only for 
low demand/high-risk patients who are not candidates for 
surgery. Primary repair with suture anchors is associated 
with a high risk of failure (55) and some form of biologic 
augmentation is advocated. Hamstring tendons are 
the most common grafts. Achilles tendon with a bone 
block or bone-patellar tendon-bone allografts may be 

Figure 7
Dislocation of the tibial bearing and damage to the patellar 
tendon; (A) Arrows depict the dislocated insert in the lateral 
X-ray. (B) The defect in the patellar tendon caused by the insert 
and metallosis is discernible after surgical exposure.

Figure 8
Lateral X-rays of a patient with a chronic patellar tendon rupture 
after TKA. (A) Pre-operative view demonstrates patella alta with 
an Insall Salvati index (LT/LP) of 1.8 and proximal migration of 
the patella. (B) Patellar height is restored after reconstruction 
with bone-patellar tendon-bone allograft fixed with screws to 
the patella and tibial tuberosity.
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used in patients with poor tissue quality and multiply 
operated knees. Synthetic meshes are proposed as a 
cheaper alternative to allografts with the added benefit of 
avoiding the risk of disease transmission. Whole extensor 
mechanism allografts should be reserved for patients with 
patellar bone loss or when the proximally migrated patella 
cannot be brought distally within 4 cm of the joint line.

The outcome of surgery for patellar tendon disruptions 
is variable and dependent on the quality of the tissues 
and type of surgery. Patient with good tissue quality and 
augmented repair can expect a good outcome with minimal 
extensor lag and adequate strength. Failure, extensor lag 
and increased rates of infection are seen more commonly 
in patients needing extensor mechanism allografts, soft 
tissue flaps and synthetic mesh augmentation.

Primary repair and hamstring tendon augmentation

Primary repair and hamstring tendon augmentation for 
patellar tendon ruptures after TKA are indicated in younger 
patients with adequate remaining tendon quality. Either 
the semitendinosus alone or both hamstrings may be used 
to augment the repair. The distal insertion is left intact and 
the tendon is passed through a transverse patellar tunnel 
sutured onto itself in patients with good patellar bone 
stock or unresurfaced patella. The grafts may be passed 
around the superior pole of the patella, weaving through 
the quadriceps tendon in patients with poor bone stock 
or patellar resurfacing. Spoliti et al. have reported good 
functional outcomes with a mean extensor lag of 5° in 
nine patients with hamstring graft augmentation (56). In 
a meta-analysis investigating nine different techniques, 
Gilmore  et  al. found primary repair augmented with 
autografts to have the best outcomes (57).

Fresh-frozen allografts

Achilles tendon allograft with bone block has been widely 
used to reconstruct the patellar tendon defects in patients 
with TKA. A rectangular boney trough is created at the 
level of tibial tuberosity, and the allograft bone block is 
securely fixed with cerclage wires or screws. The free end 
of the Achilles tendon is secured to the patella and the 
quadriceps tendon under tension in full extension (Fig. 9). 
A variety of techniques passing through, over or around 
the patella have been described (52, 58, 59). The knee 
is placed in an immobilizer in full extension for 6 weeks, 
followed by gradual increase in knee range of motion and 
strengthening. Onlay techniques with simple suturing to 
the quadriceps tendon carry a risk of stretching out and 
causing extensor lag. Efforts should be made to pass at least 
one limb of the allograft through or around the patella.

Recent studies using fresh-frozen Achilles tendon 
allografts of patellar tendon ruptures have reported 
favorable outcomes. Wise et al. reported ten patients with 

45 months follow-up (58). The average extensor lag was 
9.6° with a final flexion of 105°. Llombart-Blanco et al. 
reported seven patients with 25 months follow-up (59). 
KSS knee scores improved from 26 to 82, mean extensor 
lag was 5°, and final knee ROM was 95°. Lamberti et al. 
compared three techniques for the reconstruction of 
chronic patellar tendon disruption in 21 patients; namely 
Achilles tendon allograft, primary repair with autogenous 
hamstring augmentation and total extensor mechanism 
allografts (60). Mean extensor lag decreased from 50° 
to 3°. The best Knee Society Knee Scores were seen in 
patients with Achilles allograft reconstruction.

Fresh-frozen bone-patellar tendon-bone grafts may 
also be used for reconstruction of patellar tendon defects 
(61). The graft is placed in two grooves created in the 
patella and the tibial tuberosity and fixed with screws or 
cerclage wiring. Bone to bone healing is advantageous to 
prevent proximal migration of the patella, and the graft is 
less bulky compared to an Achilles allograft (Fig. 8).

Synthetic meshes

Synthetic polypropylene meshes have been proposed as 
an alternative to extensor mechanism allografts. These 
are readily available, relatively inexpensive and do not 
carry the risk of disease transmission. The mesh is fixed in 
a bone trough distal to the tibial tubercule with cement 
and screws if the implant is not to be revised (Fig. 10). 
For patients requiring a revision of the tibial baseplate, 
the mesh can be cemented under the revision implant. 
The mesh is then incorporated into the remaining viable 
host tissues and fixed to the quadriceps mechanism under 
tension. The knee is immobilized in a brace for 6–8 weeks 
in extension followed by gradual increase of flexion (62). 
Initially described by Browne and Hanssen, the technique 
has been used in patients with multiple operations, 

Figure 9
Reconstruction of chronic patellar tendon rupture after TKA with 
Achilles allograft; (A) Pre operative lateral X-ray depicts proximal 
migration of the patella. (B) Achilles tendon allograft is placed in 
the bone trough created on the tibial tubercule and fixed with 
two screws. (C) Post-operative lateral X-ray showing normal 
patellar height, a cerclage wire was added for protection.
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failed allografts, poor quality soft tissues and osteopenic 
bone (63). Abdel reported on the 4-year outcomes of 77 
patients with polypropylene (Marlex) mesh reconstruction 
in patients with TKA (64). At the time of latest follow-up, 
84% of the mesh reconstructions were still functioning 
with satisfactory clinical outcomes, with a mean 9° of 
extensor lag (64). The infection rate was 8%, lower than 
that reported for extensor mechanism allografts.

Whole extensor mechanism allografts

These allografts comprise the tibial tuberosity bone block, 
patellar tendon, patella and the quadriceps tendon and 
are indicated for salvage cases with severe patellar bone 
loss and proximally retracted, immobile quadriceps/
patellar tendon defects. The tibial tuberosity part of the 
graft is placed in a groove on the native tibia and the 
vastus medialis and lateralis are secured to the quadriceps 
tendon allograft in full extension under strong tension. 
Every effort should be made to preserve remaining host 
tissues and incorporate these into the repair. The allograft 
patella should be left unresurfaced.

Two recent systematic reviews comparing whole 
extensor mechanism allografts and synthetic meshes 
have found similar outcomes and complication rates. 
Deren et al.,analyzed 30 studies and found a success rate 
of 73% for allografts and 78% for synthetic mesh grafts 
(65). No significant difference in knee scores, infection 
and revision rates were found. In a meta-analysis of 14 
studies involving 304 patients, success rates were 76% 
for allografts vs 74% mesh grafts, and no difference could 
be found in knee scores, range of motion, extensor lag 
and complications (54). Given the high cost and risk of 
disease transmission of allografts, synthetic meshes seem 
to provide the same outcomes with less expense.

Quadriceps tendon disruptions in 
knee arthroplasty

The typical presentation of the patient with quadriceps 
injury is pain and weakness in extension after a fall 
or eccentric muscle contraction (Fig. 11). Quadriceps 
peel-off from the patella may occur gradually in elderly 
patients with osteoporosis following knee replacement. 
Acute symptoms may be absent and these patients 
present with increasing loss of muscle strength and 
feelings of instability. The same is true for dehiscence of 
the arthrotomy repair following surgery, the patient may 
not remember an acute traumatic episode but describes 
pain, gradual loss of extension strength and rarely patellar 
instability.

The treatment of quadriceps tendon repairs after 
TKA may be challenging due to the older age, multiple 
operations, poor tendon and bone quality and the 
presence of patellar resurfacing. Transpatellar drill holes 
may not be possible and suture anchors can be used for 
fixation. Primary repair alone results in a significantly high 
rate of failure (66). The repair should be augmented either 
with flexible tape material and/or autogenous tissue in 
acute cases (67). While acceptable knee function can be 
achieved with surgery, some degree of extensor lag and 
loss of terminal flexion may be observed. In a series of 
22 patients treated with primary repair and Scuderi type 
partial thickness V-Y quadriceps turndown augmentation, 
Miralles–Munoz et al. found a residual extensor lag of 7° 
and 8° loss of terminal flexion (68). Better outcomes were 
reported with the V-Y turndown technique by Shi et al.; 
who found 120° knee flexion and residual extensor lag in 
only 4° of the 24 repairs, with a mean KSS knee score of 
88 (69). They proposed a preoperative gap of >6 cm as a 

Figure 10
Synthetic mesh reconstruction of the extensor mechanism in a 
patient with a failed primary repair of the quadriceps tendon. 
(A) Pre-operative X-ray depicting an everted patella; (B) 
placement of the mesh; (C) post-operative lateral X-ray showing 
the mesh placed in a bone trough distal to the tibial tuberosity 
fixed with cement and a screw.

Figure 11
Complete rupture of the quadriceps tendon and traumatic 
dislocation of a hinge type total knee arthroplasty. (A) Intra-
operative view depicting the extent of injury; (B) View after 
primary repair of the extensor mechanism.
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limit to V-Y turndown and advocated other methods such 
as mesh or allografts in these extreme cases.

Chronic tears with retraction of the tendon require 
complex reconstructions. Treatment options are V-Y plasty 
lengthening and repair, augmentation with autogenous 
or allograft tendons, synthetic mesh repair and extensor 
mechanism allografts. The decision is based on the 
mobility and quality of the remaining tendon, availability 
of allografts, previous surgeries and type of implant.

Dehiscence of the arthrotomy

Dehiscence of the arthrotomy repair in the weeks following 
TKA is usually caused by a fall. The diagnosis may be difficult 
since active extension is weak but still possible. The chief 
complaints are pain, weakness and instability; frank patellar 
dislocation is rare. A longitudinal defect may be palpable in 
patients with dehiscence of the VMO from the quadriceps 
tendon. This defect becomes more pronounced with active 
quadriceps contraction. X-rays demonstrate no change 
in patellar height, tangential views may show a centered 
patella in the trochlear sulcus if no malrotation of the 
components is present. Surgical repair after verification of 
correct rotation of components is the treatment of choice. 
No augmentation is needed in acute repairs (Fig. 12).

Conclusions

Extensor mechanism disruptions of the knee require early 
surgical repair. Primary repair should be augmented 
with autograft or allograft in patients with poor tendon 
quality and/or knee arthroplasty in place. The outcomes 
of early repairs are superior to late interventions which 
require complex reconstructions to restore the continuity 
of the extensor mechanism. Synthetic meshes and whole 
extensor mechanism allografts are salvage procedures 
with acceptable outcomes.
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