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SUMMARY
Central quadriceps tendon (CQT) graft has been
successfully used as a viable autograft option in cruciate
ligament reconstruction of the knee. The prime emphasis
in the majority of the literature is given to surgical
details of quadriceps graft harvesting and outcome of
cruciate ligament reconstruction. There is less discussion
about donor site morbidity in CQT graft, and it is less
frequent as compared to that in bone patellar tendon
bone graft. We report an extremely unusual case of late
quadriceps tendon rupture at the donor site following
anterior cruciate ligament reconstruction using CQT graft.

BACKGROUND
Central quadriceps tendon graft (CQTG), with or
without patellar bone plug, for cruciate ligament
reconstruction, has remained a second choice1–3

until recently, after several authors used it as a
primary graft.4–7 The outcome after anterior cruci-
ate ligament (ACL) reconstruction using QTG is
similar to that of bone patellar tendon bone
(BPTB) and quadrupled hamstring graft
(QHG).5 8 9 Extensor mechanism grafts (CQTG,
BPTB) are more prone for donor site morbidity as
compared to QHG. The literature is abundant with
reports of associated sensory loss, kneeling pain,
patella fracture and patellar tendon rupture after
ACL reconstruction using BPTB graft at the donor
site.10–13 Nevertheless, these complications after
CQTG harvest appear to be quite low as compared
to BPTB.5 8 14 So far, there have been no reports
of quadriceps tendon rupture at the donor site fol-
lowing graft harvest. We report an extremely
unusual case of late quadriceps tendon rupture at
the donor site; this is perhaps the first case reported
in the English literature of post-ACL reconstruction
surgery using CQTG with patella bone plug.

CASE PRESENTATION
A 29-year-old man presented to our sports injuries
clinic, with a 2-day history of pain and swelling of
his right knee and inability to bear weight over his
right lower limb. The patient, while alighting from
a halted train, had jumped directly onto the
ground, missing three steps of the side ladder of
the compartment. Following the jump, his right
knee buckled and he heard a ‘pop’ within it. The
pain was sudden in onset and located mainly over
the front of the right knee, directly above the
patella. The patient could not immediately stand or
bear weight on the affected limb after the incident.

Prior to this, the patient had no symptoms concern-
ing the affected knee. The patient gave a history of
being operated, 10 years earlier, at a different
centre, for bi-cruciate ligament injuries of his left
knee, which he had sustained in a road traffic acci-
dent. Medical documents from the previous centre
revealed that the patient had undergone ACL and
posterior cruciate ligament (PCL) reconstruction
using CQTG with a patella bone plug from the
right side and QHG from the left, for ACL and
PCL, respectively. Post ligament reconstruction, he
was apparently asymptomatic and could carry out
all his daily routine activities. However, he had
restrained himself from participating in any sport-
ing activities. The medical and personal history of
the patient was normal otherwise.
On examination of the right knee, there was full-

ness over the suprapatellar pouch and a 10 cm
midline vertical scar healed by primary intention
over the anterior aspect of the knee, starting at the
superior border of the patella and extending prox-
imally (figure 1). Palpation in the suprapatellar
region was tender, and a palpable defect was noted
in the quadriceps tendon just above the superior
border of the patella. The range of motion was
limited and painful. The neurovascular status of the
limb was intact. Examination of the left knee
revealed scars from the arthroscopic portals and
the hamstring graft harvest site used for the cruci-
ate ligaments reconstruction. The range of move-
ment was 0–140° and there was grade-I laxity
noted for both anterior and posterior drawer in the
left knee. His retrospect Lysholm score was 95.

INVESTIGATIONS
Plain X-rays of the right knee revealed no bony
injury. MRI revealed that the medial quadriceps
tendon was ruptured whereas lateral most fibres
were intact (figure 2A–C). MRI axial image also
revealed that a patella bone plug was also harvested
along with the CQT.

TREATMENT
The patient was posted for surgical repair/recon-
struction of the right quadriceps tendon. Under
spinal anaesthesia and tourniquet control, the
defect was approached through an anterior midline
incision over the old scar. Donor site exploration
revealed rupture of vastus intermedius (VI) and
vastus medialis (VM) at the QT-patella upper pole
junction. The vastus lateralis (VL) appeared to be
intact (figure 3). The donor site defect appeared to
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be filled with thin fibrous tissue. First, Ultrabraid sutures (Smith
and Nephew, Andover, USA) were placed in the ruptured
tendons of VI and VM using Bunnell’s technique. Then, three
straight transosseous tunnels were drilled in the patella from
inferior to superior pole using 1.8 mm Kirshner’s wire using an
ACL aiming device to accommodate sutures of VI and straight
fibres of VM. Then, oblique tunnels were drilled using 1.8 mm
Kirshner’s wire from the inferolateral border of the patella to
the superomedial border to accommodate the sutures of oblique
fibres of VM, as VM Obliquus is obliquely inserted on the
superomedial border of the patella. The free limbs of sutures
through the VI, straight and oblique fibres of VM were passed
through the respective tunnels. The sutures were sequentially

tied over the bone, keeping the knee in extension. The gap
between VL and VM was also loosely closed using absorbable
suture material. The wound was then closed in layers over a
suction drain, and the knee was kept in extension in a knee
immobiliser.

OUTCOME AND FOLLOW-UP
Postoperatively, the patient was allowed non-weight bearing
mobilisation with axillary crutches. Static quadriceps, active
straight leg raising and hip abductor strengthening exercises
were initiated. At the fifth week, active knee mobilisation was
started. The patient regained near normal range of motion by
the end of 4 months and was able to perform his routine activ-
ities without much difficulty. At his final follow-up, 14 months
post surgery, the range of movement was 0–140° without any
extensor lag with Lysholm score of 95 (figure 4A, B). Currently,
the patient can carry out all his normal activities. However, the
patient does not want to participate in any form of sporting
activities.

DISCUSSION
When considering this case, in particular, the discussion must
turn to why this extremely rare complication occurred. To
understand this, the biomechanical behaviour of the different
grafts must be appreciated.

Currently, BPTB and QHG remain the most popular autograft
choice for primary ACL reconstruction because their biomech-
anical properties are similar to those of native ACL.15 16 The
load to failure and cross-sectional area of normal ACL is 1725–
2160 N and 44 mm2, respectively. The ultimate tensile strength
of autologous CQTG is 2352 N, which exceeds that of native
ACL (1725 N), and is similar to that of BPTB graft (2977 N)
and QHG (2422 to 4090 N).17 However, in comparison, the
cross-sectional area of QTG is 62 mm2, whereas it is only 53
and 35 mm2 in the QHG and BPTB, respectively.17 18 Hence,
CQTG provides a thicker graft as compared to QHG and BPTB
with the adequate load to failure strength. The CQTG has an
obvious advantage in that it has a higher cross-sectional area
than the BPTB; both of their strengths are found to be compar-
able.19 Therefore, the results of ACL reconstruction using
BPTB, QHG and CQTG are comparable.5 8 9 16

Both the BPTB and CQTG are comparable in that both the
grafts are from the extensor mechanism of the knee. Hence, the-
oretically, the potential morbidity arising out of donor site may
be similar. Nevertheless, BPTB carries a higher incidence of

Figure 1 Clinical photograph of both knees showing the previous
healed scar over the right knee indicating harvest site for central
quadriceps tendon.

Figure 2 (A) T2 proton density fat saturation MRI of the knee showing (A) medial sagittal image of complete rupture of vastus medialis and
vastus intermedius tendon with proximal retraction (yellow arrow). (B) Lateral sagittal image showing intact lateral most fibres of vastus lateralis. (C)
Axial image showing a groove over the patella indicating the patella bone plug harvest site (blue arrow).
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morbidity in terms of anterior knee pain, kneeling pain, patello-
femoral arthritis, infrapatellar nerve injury, patella fracture and
patella tendon rupture.10–13 16 20 Albeit very rare, patella frac-
ture and patella tendon rupture are disastrous complications
after BPTB graft harvest, and can seriously compromise the
outcome of ACL reconstruction.10 21 Benner et al reported the
incidence of 0.24% of patella tendon rupture in their series of
5364 ACL reconstruction with BPTB graft. In their series, all
the patients reported that rupture occurred after their foot hit
the ground forcefully in an attempt to prevent further flexion
and to keep from falling.10

The potential advantages of free CQTG over BPTB are
reduced anterior knee pain, no risk of patella fracture especially
when no bone plug is taken along with CQT, no kneeling pain
and virtually no risk of injury to infrapatellar branches of the
saphenous nerve.8 14 To date, there have been no reports of
postharvest quadriceps tendon rupture at the donor site in the
literature as compared to BPTB.

It appears that there are certain factors (harvest diameter, live
loading conditions and postharvest tissue remodelling at the
donor site) that may influence the postoperative strength of the
donor site.

After the CQTG or BPTB graft harvest, it would leave a defect
in the tendon leading to decrease in the strength of the residual
tendon and possibly rupture in the event of significant trauma.
Adams et al,22 in their cadaveric study, concluded that, after

removal of 10 mm wide strip of QT, the postharvest strength of
the residual quadriceps tendon reduces by 34% (3660+830 N to
2430 N). However, postharvest strength is still greater than that
of a native patellar tendon (1725–2160N).22 They also con-
cluded that there is 25% reduction in strength of the patellar
tendon when a 10 mm wide strip of the patellar tendon is har-
vested without a bone plug (1920±330 N to 1460 N).22

However, in practice, when coupled with a bone plug of
20×10×8 mm from patella and tibial tuberosity, it may further
reduce the strength of the patellar tendon construct and may pre-
dispose the tendon rupture at forces less than those established
under laboratory conditions. In our patient, it is not known that
what diameter of CQTG was previously harvested as the precise
intraoperative details of the previous surgery were unavailable.
However, our intraoperative findings indicate that, possibly, 9–
10 mm of CQTG with patella bone must have been harvested at
that point as the majority of VL, VI and VM were intact except
the central portion of QT. This would have led to 30–35% reduc-
tion in strength at the donor site as discussed above.

Second, the forces over the tendon are different in live
loading conditions. In cases of unipedal jump landing on a
flexed knee, there is a tendency of the body to have a downward
momentum with a force 2–4 times body weight bearing onto
the knee during landing.23 To arrest this downward momentum
during unipedal jump landings, the quadriceps undergoes
lengthening contraction to resist and arrest knee flexion after
landing. This lengthening contraction can induce contractile
forces in quadriceps in excess of 140% of isometric values.24 25

Withrow et al26 simulated the unipedal jump landing scenario in
cadaveric knees to evaluate the contractile forces in the quadri-
ceps at the knee flexion angle of 25° with additional knee
flexion of 5–6° during the impact loading from 75 mm. The
jumping generates forces ranging from 1022 to 1578 N in the
quadriceps, which may exceed the residual strength of the patel-
lar tendon but that fail to exceed those of residual QT.26 This
may explain why there is a relatively higher risk of patellar
tendon rupture as compared to virtually nil reports of QT
rupture.10 12 However, these forces were measured in a cadav-
eric simulation model ignoring higher knee flexion angles, rela-
tive position of torso and other muscle loading patterns, and
hence the forces may be greater in live loading conditions,
exceeding to those of laboratory values at a donor site.

Our patient jumped from a train compartment and landed on
uneven ground; the distance jumped was 4–5 feet. He was not
sure whether he landed in a unipedal or bipedal manner. This
must have produced a large amount of contractile force onto

Figure 3 Intraoperative clinical picture showing complete rupture of
vastus intermedius (white arrow) and vastus medialis (blue arrow) with
intact vastus lateralis fibres (black star). A part of the rectus femoris is
held by forceps.

Figure 4 (A) Clinical picture of the
index knee demonstrates full flexion.
(B) Demonstrates complete knee
extension without extensor lag.
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the postharvest QT leading to rupture of the quadriceps tendon.
The force with which he landed on the ground would also be
dependent on other factors such as his weight, position of
torso, a unipedal or bipedal landing and the horizontal velocity
of the jump.

Lastly, another factor that may influence the postharvest
strength of donor area is remodelling due to histological
changes in the donor area. There is ample evidence in the litera-
ture confirming the regeneration of semitendinosus after graft
harvest.27–29 However, regardless of morphological regener-
ation, the regenerated tendon fails to improve the functional
deficit in flexion strength and knee flexion torque.27 29 In case
of BPTB donor site, the regenerated tissue has ill-defined fasci-
cles and poorly aligned collagen tissue. These abnormal histo-
logical findings may persist for up to 27 months and may
possess inferior mechanical properties.30–32 Hence, the area
remains weak and does not contribute strength to the residual
tendon. However, no such histological studies are available for
quadriceps tendon in the literature.

Nevertheless, there is a remote possibility that the quadriceps
tendon rupture might have resulted anyway, due to extreme
eccentric loading force in flexion, and would have happened
even if the tendon was normal. We cannot ignore this fact, as
the injury occurred 10 years after the graft harvest.

Learning points

▸ This case illustrates extremely rare ‘late’ donor site morbidity
of quadriceps tendon rupture following central quadriceps
tendon graft harvest for cruciate ligament reconstruction of
the knee.

▸ Despite maintaining comparable strength post-harvest, the
residual quadriceps tendon may remain vulnerable to early
or late ruptures following trauma.

▸ Graft harvesting must be meticulous, and is probably the
most important factor in determining final strength in the
native extensor mechanism.
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