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Abstract The bone-patellar tendon-bone has been widely

used and considered a good graft source. The quadriceps

tendon was introduced as a substitute graft source for bone-

patellar tendon-bone. We compared the clinical outcomes

of anterior cruciate ligament reconstructions using central

quadriceps tendon-patellar bone and bone-patellar tendon-

bone autografts. We selected 72 patients who underwent

unilateral anterior cruciate ligament reconstruction using

bone-patellar tendon-bone between 1994 and 2001 and

matched for age and gender with 72 patients who under-

went anterior cruciate ligament reconstruction using

quadriceps tendon-patellar bone. All patients were fol-

lowed up for more than 2 years. We assessed anterior

laxity, knee function using the Lysholm and International

Knee Documentation Committee scores, and quadriceps

strength, the means of which were similar in the two

groups. More patients (28 or 39%) in the bone-patellar

tendon-bone group reported anterior knee pain than in the

quadriceps tendon-patellar bone group (six patients or

8.3%). Anterior cruciate ligament reconstruction using the

central quadriceps tendon-patellar bone graft showed

clinical outcomes comparable to those of anterior cruciate

ligament reconstruction using the patellar tendon graft,

with anterior knee pain being less frequent in the former.

Our data suggest the quadriceps tendon can be a good

alternative graft choice.

Level of Evidence: Level III Therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The outcomes of the bone-patellar tendon-bone (BPTB)

autograft for anterior cruciate ligament (ACL) reconstruc-

tion have been reported and BPTB has been considered a

good graft source [3, 40]. The popularity of BPTB proba-

bly is related to the following advantages: initial quality of

fixation, high initial strength and stiffness, potential for

bone-to-bone healing, better stability with time, improved

rate of return to activities such as strenuous sports, and

overall increased activity level [3, 8, 38]. The hamstring

tendon autograft was reintroduced with the development of

improved fixation techniques [7, 11, 12, 34]. However,

every autograft option has several potential limitations of

donor site morbidities, graft strengths and stiffness, fixation

problems, host tissue incorporation, and others [16, 19–21,

24, 27, 29, 32, 35, 36, 38, 42].

In 1997, we began using the quadriceps tendon-patellar

bone (QTPB) autograft, as introduced by Blauth [4] and

further studied by Stäubli [43], because it was believed this

would minimize donor site morbidity including anterior

knee pain while providing adequate mechanical strength as

a graft. Several reports have suggested mechanical testing

and histomorphometric measures for quadriceps tendon are

comparable to those for BPTB [13, 15, 41, 44]. However,

few studies have compared the clinical outcomes of the

quadriceps free tendon graft and BPTB grafts [17, 33], and
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to our knowledge, none compares clinical outcomes with

the QTPB graft.

We asked whether the outcomes differed with QTPB and

BPTB grafts used for ACL reconstruction regarding post-

operative motion and anteroposterior knee stability, activity

and functional scores, quadriceps muscle strength and

incidence of anterior knee pain, and other complications.

Materials and Methods

We designed this retrospective comparative study to

identify any differences between the clinical outcomes of

ACL reconstructions using QTPB or BPTB autografts.

First, we assessed postoperative motion return and anter-

oposterior knee stability. Second, activity and functional

changes were documented using questionnaires, and dif-

ferences between quadriceps muscle strength recoveries for

the two grafts were assessed. Finally, we determined and

compared the incidences of anterior knee pain and other

complications. Between May 1994 and July 2001, 430

consecutive patients with symptomatic ACL insufficiency

underwent arthroscopically assisted ACL reconstructions

using autologous BPTB or QTPB grafts by two surgeons

(SCS, MCL). The choice of graft was based on discussions

between the patient and the physician. We included only

patients with unilateral ACL insufficiency and more than

2 years followup. We excluded patients with previous

ligament injury of the affected knee and concomitant lig-

ament injury of the affected knee except for a Grade I or II

injury of the medial collateral ligament. Seventy-two (68

males, four females) of 97 patients who had BPTB auto-

grafts and 240 (212 males, 27 females) of 333 patients who

had QTPB autografts met these criteria. We then matched

72 patients in the BPTB group for age and gender with 72

patients in the QTPB group. The amount of anterior

translation and the incidence of postoperative anterior knee

pain were considered key variables, and we performed

power analysis with reference to the results of previous

studies [22, 26]. A power analysis suggested we needed 66

patients in each group to detect one standard deviation

difference at 80% power in the key variables.

The mean followups for the BPTB group (42.1 months;

range, 24–124 months) and the QTPB group (39.7 months;

range, 24–90 months) were similar. We observed no dif-

ferences in demographic data between the two groups

(Table 1). Most injuries were sports-related. Fifty-one

patients (71%) in the BPTB group and 46 patients (64%) in

the QTPB group underwent surgery for meniscal tears

during ACL reconstruction. Although we observed Grade I

or II injuries of the medial collateral ligament in four

patients (5.6%) in both groups, none had surgical

intervention.

We harvested the BPTB through a 5-cm vertical incision

centered on the patellar tendon. A 10-mm-wide middle-

third patellar tendon graft was obtained with a 25-mm-long

trapezoidal patellar bone block and a 25-mm-long tibial

block. The bone defect was not grafted, and the patellar

tendon defect was approximated using absorbable sutures.

Both ends were fashioned to pass through a 10-mm-

diameter gauge. We drilled two holes in each bone block to

be used for lead threads. After a graft had been harvested,

we created a 10-mm-diameter tibial tunnel so the intraar-

ticular opening of the tunnel could be placed in the center

of the ACL attachment using an ACL endoscopic guide

system (Smith and Nephew, Inc, Andover, MA). A femoral

tunnel 10 mm in diameter was drilled through the tibial

tunnel in the 10:30 to 11 o’clock position for the right knee

(the posterior cortex of this tunnel should be approximately

2 mm thick). Notchplasty was performed for observation

of the femoral tunnel and to prevent graft impingement if

needed. After the graft had been passed through the tun-

nels, a metal interference screw (Linvatec, Largo, FL),

which was 7 · 25 mm on most occasions, was used to fix

the bone block on the femoral side and the knee then was

cycled 15 to 20 times through a full range of motion with

the graft under tension. The bone block on the tibial side

was fixed with another metal interference screw.

We harvested the QTPB through a 4-cm midline inci-

sion centered over the proximal border of the patella. A

10-mm-wide, 20- to 25-mm-long, 7-mm-thick trapezoidal

bone block was obtained from the patellar base using an

oscillating saw. We then excised a 10-mm-wide, 6- to

8-mm-thick, and 6-cm-long strip of the quadriceps tendon

from the distal portion in continuity with the patellar bone

block initially using a 10-mm ParaSmillie1 Graft Har-

vester (Linvatec) and then later finishing with Metzenbaum

scissors (Fig. 1). Care was taken not to enter the suprapa-

tellar pouch by saving part of the vastus intermedius

tendon. If entry occurred, we repaired the synovial lining

with an absorbable suture. Superficial layers of the cut

surface of the tendon were closed transversely with

absorbable coapting sutures leaving a potential space over

Table 1. Patient demographics

Variable BPTB group QTPB group p Value

Number of patients 72 72

Gender (male/female) 68/4 68/4

Age at surgery (years)* 27.8 (15–51) 27.8 (15–51)

Time from injury to surgery

(months)*
23.4 (0.5–120) 21.4 (0.5–88) 0.61

Followup (months)* 42.1 (24–124) 39.7 (24–90) 0.49

* Values are expressed as means, with ranges in parentheses;

BPTB = bone-patellar tendon-bone; QTPB = quadriceps tendon-

patellar bone.
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the defect. The bone defect was not grafted or closed. The

bone block from the patellar base was perforated trans-

versely with drill holes, and two absorbable sutures were

passed. We secured the tendinous portion of the graft with

two Number 5 Ethibond
TM

sutures (Ethicon, Inc, Somer-

ville, NJ) using Krackow-type stitches with an extension of

approximately 30 mm (Fig. 2). Femoral and tibial tunnels

were positioned in the same manner as described for the

BPTB graft. During the QTPB procedure, we fixed the

tendinous portion on the tibial side with a bioabsorbable

screw (Bioscrew1; Linvatec), which measured 8 · 25 mm

or 9 · 25 mm, for a tight fit, and this was augmented by

tying sutures over the bicortical screw distally with the

knee extended.

For all patients, continuous passive motion was started

from 45� knee flexion within 3 days and continued for 1 to

2 days while patients were hospitalized. Full extension was

achieved during the first postoperative week, and full

flexion was achieved by 6 weeks. Kinetic exercise and

weightbearing were progressed as tolerated, and a motion-

controlled brace set at 0� to 90� was worn for 3 weeks and

then was set at 0� to full flexion for an additional 4 weeks

postoperatively. Full activity such as strenuous sport was

permitted 6 months postoperatively after confirming

recovery of quadriceps strength. We used no custom

orthoses.

We (SCS, MCL) evaluated all patients at 6 weeks and

then at approximately 3-month intervals until 12 months

(3, 6, 9, and 12 months), after which they were seen at 12-

month intervals (24, 36, and 48 months). We assessed the

range of motion by goniometry and anterior laxity grades,

which involved the Lachman test, the anterior drawer test,

and the pivot shift test. We measured anterior translation

using a KT-1000
TM

arthrometer (MEDmetric1 Corp, San

Diego, CA). Injured and contralateral normal knees were

measured with a maximum manual anterior force applied

to the proximal tibia at 20� knee flexion. The side-to-side

difference in anterior laxity (injured minus normal) was

used as a representative indicator of restored knee stability.

We defined graft failure as patients showing Grade 2 or 3

([ 5 mm) anterior laxity and complaining of knee insta-

bility. We measured peak extension torque using a Cybex

II isokinetic testing device (Cybex, Ronkonkoma, NY) at

60� and 180� per second with the patient’s informed con-

sent. We presumed the side-to-side ratio at peak torque

represented thigh muscle strength. Reviews involved the

modified Lysholm Knee Scoring Scale [45] and docu-

mentation of the International Knee Documentation

Committee (IKDC) [2] for levels of activities and sub-

jective satisfaction. We evaluated anterior knee pain

subjectively using the Shelbourne and Trumper question-

naire addressing symptoms during sports or daily life

activities and kneeling pain [39].

Kolmogorov-Smirnov tests revealed ratio scale data had

a consistently normal distribution, and thus the paired t test

was used for comparing the data from the two groups. We

used the chi square test to analyze nominal and ordinal

scale data (grades of ligament stability, IKDC levels, and

the existence of anterior knee pain). Significance was set at

p \ 0.05. Statistical analysis was done using SPSS 11.5

(SPSS Inc, Chicago, IL).

Fig. 1 A strip of the quadriceps tendon was excised from the distal

portion in continuity with the patellar bone. A part of the vastus

intermedius tendon was saved.

Fig. 2 The patellar bone block was perforated transversely with a

drill, and two absorbable sutures were passed. The graft tendinous

portion was secured with two nonabsorbable sutures using Krackow-

type stitches.
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Results

Of the 144 patients in this study, one patient (1.4%) in the

BPTB group and two patients (2.8%) in the QTPB group

underwent revision ACL reconstruction because of graft

failure. The patient in the BPTB group experienced indirect

trauma 64 months postoperatively. Of the two patients with

graft failure in the QTPB group, one had a traumatic rup-

ture, which occurred while playing soccer 45 months after

surgery, and the other graft failed from an unknown eti-

ology (without a history of distinct injury), and the patient

then underwent reoperation 30 months after surgery.

Almost all patients achieved full extension and flexion.

At final followup, an extension deficit less than 5� was

observed in two patients in the BPTB group and in three

patients in the QTPB group, and one patient in the QTPB

group had an extension deficit of 10�. We observed a

flexion deficit of 10� in two patients in both groups, and

one patient in the QTPB group had a flexion deficit of 40�.

We found no difference in extension or flexion deficit

between the two groups.

Greater than 95% of patients in both groups showed a

Grade 0 or 1 laxity by the anterior drawer test, the Lach-

man test, or the pivot shift test at final followup. At final

followup, the mean side-to-side differences in anterior

laxity during manual maximum testing were similar in the

two groups (Table 2).

We found levels of sports activities were reduced at final

followups in both groups, but with similar reductions in

both groups (Table 3). Sixty-eight patients (94%) in the

BPTB group and 66 patients (92%) in the QTPB group

graded their knees as normal (Grade A) or nearly normal

(Grade B) at final followup. Mean preoperative Lysholm

scores in the BPTB and QTPB groups were 71.2 and 70.7,

respectively, and these improved to 92.8 and 91.5 at final

followup. No differences were found between the two

groups.

Side-to-side ratios of peak torque at 60� and 180� per

second were similar preoperatively and diminished at

6 months postoperatively in both groups. Corresponding

quadriceps muscle strengths recovered to approximately

80% in both groups at 1 year postoperatively (Table 4). No

difference was evident between the two groups.

For most activities, including sports and work, 28

patients (39%) in the BPTB group and six patients (8.3%)

in the QTPB group reported moderate to severe symptoms.

Kneeling pain was moderate to severe in 25 patients (35%)

in the BPTB group and in four patients (5.5%) in the QTPB

group. Thus, anterior knee pain was less common

(p \ 0.05) in the QTPB group. In the BPTB group, one

postoperative infection occurred and was treated with

arthroscopic débridement and intravenous antibiotics;

postoperative stiffness of the affected joint occurred and

was treated with manipulation under anesthesia and phys-

ical therapy. In the QTPB group, one patient experienced a

postoperative patellar fracture as result of a fall 5 months

after reconstruction. This undisplaced and longitudinal

fracture was treated nonoperatively and resulted in no

complication or functional deficit at final followup. One

patient in the QTPB group who had a 40� flexion deficit

was treated with manipulation under anesthesia and phys-

ical therapy.

Table 2. KT-1000
TM

arthrometric data at followup

Side-to-side difference

in anterior laxity (mm)

BPTB group QTPB group

\ 3 52 (72.2%) 48 (66.6%)

3–5 17 (23.6%) 21 (29.2%)

5–10 3 (4.2%) 3 (4.2%)

[ 10 0 0

BPTB = bone-patellar tendon-bone; QTPB = quadriceps tendon-

patellar bone.

Table 3. Postoperative changes in IKDC activity [2]

Activity Preinjury Final followup

BPTB

group (%)

QTPB

group (%)

BPTB

group (%)

QTPB

group (%)

I (strenuous) 40 38 31 28

II (moderate) 53 57 51 56

III (light) 7 5 18 16

IV (sedentary) 0 0 0 0

IKDC = International Knee Documentation Committee; BPTB =

bone-patellar tendon-bone; QTPB = quadriceps tendon-patellar bone.

Table 4. Side-to-side ratio of peak torque values by Cybex II isokinetic testing

Isokinetic test 6 Months 1 Year 2 Years

BPTB

group (n = 21)

QTPB

group (n = 34)

BPTB

group (n = 15)

QTPB

group (n = 25)

BPTB

group (n = 9)

QTPB

group (n = 19)

60�/second (%) 52 ± 22 59 ± 15 74 ± 20 78 ± 13 78 ± 26 82 ± 15

180�/second (%) 55 ± 24 62 ± 17 76 ± 22 82 ± 11 80 ± 23 89 ± 8

Values are expressed as mean ± standard deviation; BPTB = bone-patellar tendon-bone; QTPB = quadriceps tendon-patellar bone.
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Discussion

Bone-patellar tendon-bone autografts and hamstring tendon

grafts are most commonly used for ACL reconstruction and

produce successful results [3, 8, 25, 38]. However, several

drawbacks remain unsolved because postoperative mor-

bidities, such as anterior knee pain on climbing stairs, after

long periods of sitting, or while kneeling, have been

reported [8, 38, 42]. Moreover, quadriceps or hamstring

isokinetic strength deficits [9, 36], postoperative range of

motion restriction [17], late postoperative graft elongation

and subsequent laxity [7, 34, 37], patellar tendon shorten-

ing or rupture [28, 29], and patellofemoral osteoarthritis

[38] have been reported, and the quadriceps tendon has

been found to have potential advantages as a graft in these

aspects [13, 15, 41, 44].

This study has some inherent weaknesses because of its

retrospective nonrandomized treatment selection and dif-

fering methods of graft fixation in the two groups. Patients

were selectively enrolled. However, the matched design

using in the large QTPB group resulted in patients with

similar followups and other key variables. Cybex II isoki-

netic testing was performed only with the patient’s

informed consent and quadriceps muscle power was not

serially evaluated in all study subjects. Therefore it is

possible some missing data could influence the results.

According to our power analysis, however, only 66 patients

in each group were needed to detect one standard deviation

difference at 80% power in the amount of anterior trans-

lation and the incidence of anterior knee pain. Therefore,

we have confidence in our results.

Anterior cruciate ligament reconstruction using the

quadriceps tendon was first reported by Marshall et al.

[23]. in 1979. Until being reintroduced, the quadriceps

tendon was scarcely used because of inferior clinical

results [46] and concerns regarding postoperative quadri-

ceps muscle weakness. In 1984, Blauth [4] attempted ACL

reconstruction using QTPB grafts, and Stäubli [43]

reported the quadriceps tendon has a sufficient amount of

substance and mechanical properties for the graft in ACL

reconstruction. Anatomically, the quadriceps tendon is

longer and thicker than the patellar tendon and attaches to

the patella more widely [13]. The mean cross-sectional

area of the quadriceps tendon is larger than that of the

patellar tendon regardless of preconditioning, and the

mean ultimate tensile stress and strain of the patellar

tendon are larger than those of the quadriceps tendon [44].

Therefore, the mean ultimate tensile failure loads (ulti-

mate tensile strengths) for the two tendon types are

similar. Tibial tunnel widening also has been reported as a

result of ACL reconstruction using either the patellar

tendon or the hamstring tendon [14]. It seems bungee and

windshield effects occur in the patellar tendon graft

because it has flat and thin morphologic features that

cannot fill the tunnel sufficiently. Tunnel-graft mismatch

has been reported to cause a synovial bathing effect and

bone resorption through an inflow of synovial fluid and

cytokines [11, 32]. However, the relatively large cross-

sectional area of the quadriceps tendon reduces this mis-

match and prevents tibial tunnel widening [41]. Moreover,

the longer length of the quadriceps tendon enables it to be

used for a graft for posterior cruciate ligament recon-

struction [1].

Adequate postoperative anterior stability is most

important for successful ACL reconstruction. Some recent

reports suggest similar stability and functional recovery

results after ACL reconstruction regardless of the type of

graft [11, 30–32]. Our data also suggest no difference in

subjective satisfaction, anterior stability, or function

between the BPTB and QTPB groups. At followup, Grade

2 or 3 anterior instability, which was considered a graft

failure, occurred in three patients in the BPTB group and

five patients in the QTPB group, but there was no differ-

ence between the two groups.

Anterior cruciate ligament reconstruction using the

quadriceps tendon graft has the advantages of less donor

site morbidity and anterior knee pain than occur with

using a patellar tendon graft [10]. Our data suggest a

lower incidence of anterior knee pain during various

activities and kneeling pain with comparable ligament

stability and clinical functions for quadriceps tendon

grafts. Concern regarding weakness of the quadriceps

muscle has caused many surgeons to hesitate about using

its tendon as a graft. Yasuda et al. [46] reported the

weakness of the quadriceps muscle based on results

obtained using the Marshall graft type. Chen et al. [5, 6]

used the central quadriceps tendon, as recommended by

Fulkerson and Langeland [10], and reported less morbidity

at the donor site. In a comparative study of kinetic exer-

cises after ACL reconstruction, accelerated rehabilitation

was identified as the most important factor for quadriceps

strengthening [28]. We observed no difference in quadri-

ceps strength recovery between the two groups as

evaluated by peak torque ratio determined by Cybex is-

okinetic testing. This finding suggests quadriceps muscle

weakness is not a serious problem if rehabilitation is

adequate.

We found ACL reconstruction using the central QTPB

graft showed clinical outcomes comparable to those of

ACL using the BPTB graft, with anterior knee pain being

less severe in the former. The data indicate the quadriceps

tendon can be a good alternative graft choice.
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