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Abstract ACL reconstruction with bone patellar tendon

bone (BPTB) grafts has been shown to produce dependable

results. Recently, reconstructions with double-looped sem-

itendinosus gracilis (DLSG) grafts have become common.

The prevailing opinion is that ACL reconstruction with

patellar tendon graft produces a more stable knee with more

anterior knee pain than DLSG grafts, while the functional

results and knee scores are similar. The present study eval-

uates BPTB grafts fixed with metallic interference screws

and DLSG grafts fixed with Bone Mulch Screw on the femur

and WasherLoc fixation on the tibia. All else being the same,

there is no difference in the outcome between the two grafts

and fixation methods. This is a prospective randomized

multicenter study. A total of 115 patients with isolated ACL

ruptures were randomized to either reconstruction with

BPTB grafts fixed with metal interference screws (58

patients) or DLSG grafts (57 patients) fixed with Bone

Mulch Screws and WasherLoc Screws. Follow-up was at

one and two years; the latter by an independent observer. At

two years, one ACL revision had been performed in each

group. Eight patients in the DLSG group and one in the

BPTB group underwent meniscus surgery in the follow-up

period (P = 0.014). Mean Lysholm score at the two year

follow-up was 91 (SD ± 10.3) in the DLSG group and also

91 (SD ± 10.2) in the BPTB group. Mean KT-1000 at two

years was 1.5 mm in the BPTB group and 1.8 mm in the

DLSG group (n.s.). At two years, four patients in the BPTB

group and three in the DLSG group had a Lachman test

grade 2 or 3 (n.s.). More patients in the BPTB group had pain

at the lower pole of the patella (P = 0.04). Peak flexion

torque and total flexion work were lower in the DLSG group

at one year (P = 0.003 and P = 0.000) and total flexion

work also at two years (P = 0.05). BPTB ACL recon-

struction fixed with interference screws and DLSG fixed

with Bone Mulch Screws on the femur and WasherLoc

Screws on the tibia produce satisfactory and nearly identical

outcomes. Among our patients in the DLSG group, flexion

strength was lower, and more patients underwent meniscus

surgery in the follow-up period. The BPTB group has more

anterior knee pain.
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Introduction

Rupture of the anterior cruciate ligament (ACL) may lead

to instability, pain, swelling, mechanical dysfunction and

an increased risk of meniscal injury and degenerative
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changes [5, 12, 20, 29, 30, 44, 47]. Rupture of the ACL is a

frequent injury in athletes of all ages. Female athletes are

more frequently injured than male athletes [4], although the

total number of ACL injuries in males far out number those

in females [26].

Non-operative treatment may lead to suboptimal knee

function and to joint deterioration [9, 10, 29, 47]. For

this reason, many procedures have been developed to

restore stability and allow patients to have a more active

life. Since the late 1980s, reconstruction of the ACL with

the central third of the patellar tendon with proximal and

distal bone blocks has been shown to produce dependable

results [12, 13, 55, 56]. The fixation of these grafts is

most commonly performed with metal- or bioabsorbable

interference screws. This procedure is well documented

with good results [7, 12, 14]. The development of new

fixation methods and endoscopic techniques has decreased

the morbidity of ACL reconstruction without compro-

mising the results [19, 37, 57]. However, graft site

problems and anterior knee pain continue to be of

concern [33, 38]. For this reason, use of the hamstring

tendons as a graft source has become increasingly popular

[39, 60]. The many fixation methods are well documented

[6, 32, 51]. Lawhorn and Howell [36] described the

hamstring technique of Bone Mulch Screw� (Biomet,

Warsaw, IN) on the femur and WasherLoc� (Biomet,

Warsaw, IN) fixation on the tibia, as used in the

current study. Less donor site morbidity has been

reported using the hamstring tendons [6, 43]. Both

surgical procedures result in knees with good stability

[3, 6, 28, 40, 43].

This study compared the clinical results of these two

surgical procedures on isolated ACL injuries. The fixation

methods used in this study have never been compared

before. The hypothesis is that there is no difference in

clinical outcome after ACL reconstructions with BPTB

grafts fixed with metallic interference screws, or DLSG

grafts fixed with Bone Mulch Screw on the femur and

WasherLoc fixation on the tibia.

Materials and methods

One hundred and fifteen patients, 73 men and 42 women

with isolated ACL ruptures, at four hospitals, were,

between 2001 and 2004, prospectively randomized preop-

eratively, by drawing a sealed envelope. Either a BPTB

graft fixed with metal interference screws (Linvatec, Largo,

FL) (58 patients) or a DLSG graft fixed with the Bone

Mulch Screw and the WasherLoc (Biomet, Inc. Warsaw,

IN) (57 patients) was used. The patients received written

and oral information about the study and signed a written

consent form.

Patients between 18 and 45 years with isolated ACL

ruptures and normal two plane radiographs were included

in the study. Patients with major additional injury of the

knee, previous major surgical procedures in the knee,

cartilage injuries grade three or four, patients in need of

meniscal repairs, patients with malalignment more than 5

degrees varus or valgus and patients with treated or

untreated ACL injuries in the other knee were excluded.

Follow-up examinations were done at one and two

years. The two-year follow-up was done by the same,

blinded independent observer (experienced physiothera-

pist) at all four hospitals. The scars were covered, so that

the examiner did not know which type of surgery had

been done. At the follow-ups, the Tegner activity

score[58], Lysholm functional score[58], assessment of

the subjective knee function, KT-1000 maximum manual

force, Cybex 6000 isokinetic dynamometer, range of

motion, patellofemoral crepitation, effusion, Lachman

test, pivot shift test and clinical examinations were per-

formed. Additionally, at the two-year follow-up, the knee

walking test, the triple jump test and the Stairs hopple test

were performed [52].

The surgical technique with the BPTB graft was a

standard endoscopic procedure as described in a previous

study [14]. If necessary, a notch plasty was done. The

graft was harvested from the middle third of the ipsilateral

ligamentum patellae. A tibial guide was used that is

designed to place the guide pin 4–5 mm posterior and

parallel to the slope of the intercondylar roof with the

knee in full extension in both groups. The femoral aimer

was inserted through the tibial tunnel and hooked in the

over-the-roof position at 10 o’clock for the right knee and

2 o’clock for the left knee in both groups. In the BPTB

group, the femoral bone block was fixed from the inside

with a cannulated interference screw of 7 mm 9 25 mm.

The knee was cycled several times, and the grafts were

tensioned with approximately 4 kg in both groups. The

bone block in the tibial tunnel was fixed with an inter-

ference screw of 9 mm 9 25 mm with the knee in full

extension.

The surgical technique with the DLSG graft was fol-

lowed as described by Lawhorn and Howell [36]. The

semitendinosus and gracilis tendons were harvested using a

tendon stripper. The graft was sized using sizing sleeves.

The diameter of the smallest sizing sleeve that freely passes

over the graft without friction was used to select a drill for

reaming the tibial and femoral tunnels. Bone reamings

were collected to compact into the femoral and tibial

tunnel. The tunnel for the Bone Mulch Screw was drilled

using an 8-mm cannulated reamer. With the help of a loop

around the tip of the Bone Mulch Screw, the tendons were

pulled through the tunnels. A mallet was used to impact the

WasherLoc until it had fully compressed the tendons
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against the posterior wall of the tibia tunnel. The fixation

was secured with a cancellous screw in the tibia. With the

compaction rod inserted in the bore of the Bone Mulch

Screw, bone mulch was compacted into the femur.

The patients in both groups underwent an aggressive

rehabilitation program [27, 54]. Immediately after the

operation, the patients started knee movement, and full

passive extension of the knee was carried out several

times a day. No brace was used. Full weight bearing was

allowed as soon as tolerated. Closed-chain exercises with

full extension and flexion of the knee were allowed as

early as possible in both groups. Jogging began after

10–12 weeks. After 6 months, the patients were allowed

to return to any sporting activity, provided that the

strength of the thigh muscle on the operated side was at

least 85% of that on the contra lateral side, and that

controlled functional training has been carried out

without difficulty.

Functional tests

After warming up, the patients performed the triple jump

test with three jumps, starting on both feet, landing and

jumping twice on the normal leg and landing on both feet.

The same was done for the treated leg. The test was carried

out twice on both legs. The greatest distance for each leg

was selected, and the difference between the two legs

calculated [52]. The patient marked the amount of pain

during the test on the operated leg with a VAS ranging

from ‘‘No pain’’ to ‘‘Unbearable pain’’.

The stairs hopple test was performed starting on the non-

operated leg. The patient jumped 22 steps up and 22 steps

down on the same leg [52]. The time in seconds was

recorded. The same procedure was performed on the

operated leg. If in need of balance support, the test was

performed near a hand rail. The patient marked the amount

of pain during the test on the operated leg on a VAS scale

[46].

The knee walking test was performed on a soft exami-

nation bench with the patient walking in place on the knees

[34]. The test person marked one of the four alternatives:

‘‘No pain’’, ‘‘Light pain’’, ‘‘Severe pain’’ and ‘‘Unbearable

pain’’ for each knee.

Muscle strength measurements of the quadriceps femo-

ris and hamstring muscles consisted of 5 repetitions at an

angular velocity of 60�/s followed by a 1-minute rest per-

iod and 30 repetitions at 240�/s. The concentric force was

tested. The parameters used for analysis were total work

and peak torque.

The study was approved by The Regional Ethics Com-

mittee of middle Norway at the Norwegian university of

science and technology.

Statistical methods

Sample size was estimated on the basis of the hypothesis

that there was no difference in anterior–posterior knee

laxity between the treatment groups. A clinically relevant

difference between the groups was considered to be a

1-mm increase in anterior knee laxity compared to the

contra lateral side. The standard deviation, as has been

shown in a previous trial, was 1.5 mm [14]. A power cal-

culation was performed with a confidence level of 95%

(a = 0.05) and a power (1-ß) of 90%. This yielded an

estimated sample size of 48 patients per group, and, when

combined with an expected rate of patients lost to follow-

up of 20% at two years, a sample size of 58 patients per

group, or a total of 115 patients, was required. A com-

parison of the differences between the groups was made

with the Student’s t test for continuous variables and with

the chi-square test and Fisher exact test for categorical

variables. In all tests, an alpha level of 0.05 was considered

significant.

Results

At the time of surgery, the median age was 27 years

(18–50) in the DLSG-group and 26 years (18–49) in the

BPTB group. Median time from injury to surgery was

12 months (0–240) in the DLSG group and 13 months

(2–180) in the BPTB group (n.s.). The mean preoperative

KT-1000 difference between injured and uninjured knee

was 5.8 mm (±2.3 range 2–13) in the DLSG group and

6.1 mm (±2.4 range 1–13) in the BPTB group (n.s.).

At the two-year follow-up, one ACL revision had been

performed in each group, and both were excluded from the

follow-up. Sixteen patients were lost to follow-up. Eight

had moved to a foreign country, and eight were unwilling

to attend or unavailable. A total of 97 patients (84%) were

examined by the independent examiner; 47 patients in the

DLSG group and 50 patients in the BPTB group (Fig. 1).

Ten patients in the DLSG group and five in the BPTB

group underwent additional knee surgery in the follow-up

period (n.s.). Eight of the patients in the DLSG group and

one in the BPTB group underwent meniscus surgery

(P = 0.014) (Table 1).

Mean Lysholm score at the two-year follow-up was

91(±10.3 range 12–100) in the DLSG group and also 91

(±10.2 range 30–100) in the BPTB group and are shown in

Fig. 2. The Tegner scores are shown in Fig. 3. There were no

significant differences between the groups at any follow-up.

Preoperatively, none of the patients rated their knee

function as excellent, and only 11 of the 97 patients rated

their knee function as good. At the two-year follow-up, 32

out of 87 patients (37%) felt their knee function was
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excellent, and 45 out of 87 patients (52%) rated their

function good (n.s.) (Fig. 4).

Compared to the normal contra lateral knee, four

patients in the DLSG group and five in the BPTB group

had an extension deficit of 5� or more at one year and also

at two years. Two patients in the DLSG group and three in

Fig. 1 Patient flowchart

Table 1 Comparison of reoperations

Hamstring BPTB

Med. meniscus resections 4 1

Lat. meniscus resections 2 0

Med. meniscus repair 1 0

Lat. meniscus repair 1 0

ACL revisions 1 1

Notchplasty 1 0

Debridement 0 1

Lat. release 0 1

Synovectomy 0 1

Fig. 2 Mean Lysholm score in the two groups preoperatively and at

the one- and two-year follow-ups
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the BPTB group had a flexion deficit of 10� or more at one

year, and respectively three and one at two years (n.s.).

There was no significant differences between the groups

on mean KT-1000 at any follow-up (Fig. 5).

At the one-year follow-up, no patients in the BPTB

group and one patient in the DLSG group had a Lachman

test grade C2 (n.s.). The numbers at two years were four

and three patients respectively (n.s.).

Four patients in the DLSG group and five in the BPTB

group had a positive pivot glide at two years (n.s.).

The mean difference between the injured and uninjured

leg at the triple jump test was 0 (±28 range -58 to 93) cm

in the DLSG group and -5 (±36 range -130 to 75) cm in

the BPTB group (n.s.).

The mean difference between the injured and uninjured

leg at the Stairs hopple test was 2 (±12 range -14 to 43)

sec. in the DLSG group and 1 (±28 range -15 to 44) s in

the BPTB group (n.s.).

No patients in the DLSG group and two in the BPTB

group had severe pain at the knee walking test at two years,

and this test was impossible to perform for two patients in

the BPTB group (n.s.) (Fig. 6). Twelve patients in the

BPTB group and four in the DLSG group had pain on

palpation of the lower pole of the patella at two years

(P = 0.04).

The strength measurements are shown in Fig. 7a, b. At

the one-year follow-up, the total hamstring work values in

the DLSG group, compared to the uninjured knee, showed

a mean reduction of 82 (±97 range -402 to 45)N/m, and

an increase of 18 (±90 range -379 to 191)N/m in the

BPTB group (P = 0.00). At the two-year follow-up, there

was a mean reduction of 62 (±68 range -230 to 104)N/m

in the DLSG group, and of 20 (±91 range -167 to 238)N/

m in the BPTB group (P = 0.05). The total hamstring

work in the DLSG group was reduced by 17% at one-year

and 12% at the two-year follow-up.

Fig. 3 Median Tegner score in the two groups preoperatively and at

the one- and two-year follow-ups

Fig. 4 Subjective knee function in the two groups preoperatively and

at the one- and two-year follow-ups

Fig. 5 KT-1000. Difference between injured and uninjured knee in

the two groups preoperatively and at the one- and two-year follow-

ups
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The mean peak hamstring torque, compared to the unin-

jured knee, was reduced by 10 (±11 range -38 to 13) N/m in

the DLSG group and increased by 2 (±16 range -29 to 37)

N/m in the BPTB group at one year (P = 0.003). The values

at the two-year follow-up were a decrease of 7 (±11 range

-33 to 19) N/m and 2 (±14 range -31 to 38) N/m respec-

tively (P = 0.089). There was no difference between the

groups when testing quadriceps strength.

Discussion

The most important findings of the present study were the

Cybex tests which showed lower total flexion work values

in the DLSG group at one and two years and lower peak

flexion torque in the DLSG group at one year. Similar

results have been published by other authors [6, 8]. Some,

however, [3, 17] found no differences between the groups.

The rehabilitation program in the present study was

aggressive and same in both groups. This rehabilitation

might have been too aggressive for the hamstring patients

during the first months after surgery. At the moment, a less

aggressive rehabilitation program for the hamstring

patients is considered. The present study showed no signs

of quadriceps weakness in any group after two years. Corry

[11] found that thigh atrophy was significantly less in the

hamstring tendon group at 1 year after surgery, a difference

that had disappeared by 2 years. There was no difference

between the injured and uninjured leg performing the triple

jump test and the Stairs hopple test, suggesting a weak

correlation between these functional tests and the muscle

strength tests. In Aune‘s study [6], comparing BPTB grafts

and DLSG grafts, no differences were found between the

groups on the stairs hopple test results. The single-legged

hop test result was better for the DLSG group after 6 and

12 months, but no differences was found after 24 months.

In Beynnon‘s study [8], the two treatments produced sim-

ilar outcomes in terms of ability to perform a single-legged

hop, bear weight, squat, climb stairs, run in place, and duck

walk.

In the present study, like in other similar studies

[15, 22], isokinetic muscle torque was tested. A low

correlation between these tests and functional perfor-

mance tests has been found [48] as in this study. How-

ever, the ability to produce high force quickly in sports

and in injury protection is important. Therefore, authors

have suggested being more sport-specific not only for

force but also velocity [35]. Neeter et al. [45] concluded

that a test battery consisting of a knee extension, knee

flexion and leg press muscle power test had a high ability

Fig. 6 Knee walking test in injured knee in the two groups at the

two-year follow-up

Fig. 7 a The strength

measurements in the two groups

at the one-year follow-up. b The

strength measurements in the

two groups at the two-year

follow-up
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to determine deficits in leg muscle power 6 months after

ACL injury and reconstruction.

Meta-analyses of studies comparing BPTB to DLSG

grafts have shown that ACL reconstruction with BPTB

probably results in a more stable knee but is accompanied

by more anterior knee pain, while quadrupled hamstring

grafts have similar subjective and functional results but

produce less anterior knee pain, less patellofemoral crepi-

tation and is less likely to cause extension loss [18, 21, 23,

25, 50]. However, there are no randomized studies in the

literature comparing BPTB ACL reconstruction fixed with

interference screws [12] and DLSG fixed with Bone Mulch

Screws on the femur and WasherLoc Screws on the tibia

[36]. The purpose of this paper is to test the hypothesis that

ACL reconstruction done with these two surgical proce-

dures produces satisfactory and identical outcomes.

In the present study, one ACL revision had been per-

formed in each group at the two-year follow-up. The

revision rate was 2% in both groups. In Freedman’s study

[23], the rate of graft failure in the patellar tendon group

was statistically significantly lower (1.9 vs. 4.9%) than in

the hamstring tendon group. Sajovic et al. [53] found that

graft rupture occurred in 7% of the hamstring tendon group

and in 8% of the patellar tendon group at the 5-year follow-

up. In Wagner’s study [59], 5.6% had a graft rupture in the

hamstring tendon group and 4.2% in the BPTB group (n.s.).

In this study, there was no difference between the

groups concerning the Tegner activity score, the Lysholm

functional score or the patients’ evaluation of subjective

knee function. Several clinical studies show similar results

[2, 6, 8, 11, 41, 42, 53].

Anterior knee pain is a significant problem in cultures

where kneeling is important. In the present study, in the

BPTB group, the patients had more pain on the inferior

pole of the patella, and some patients had severe problems

performing the knee walking test. Other studies have

similar findings [1, 6, 11, 23, 59]. Therefore, harvesting of

the BPTB graft should be avoided in patients where

kneeling is important.

The present study showed no significant differences in

KT1000 measurements, Lachman test or pivot shift at two

years. Only four patients in the DLSG group and five in the

BPTB group had a positive pivot glide at two years, and

none had instability of a higher grade. Several studies show

that both surgical procedures result in knees with good

stability [3, 6, 11, 16, 24, 49]. However, some authors

found more stable knees after BPTB reconstructions [2, 8, 23].

Järvelä et al. [31] found that rotational stability of the knee

was better when using the double-bundle technique instead

of the single-bundle technique in anterior cruciate ligament

reconstruction. The single-bundle technique used in this

study showed very few patients with a positive pivot

glide, and none with a positive pivot shift in either group.

From these results there is no reason to change to a double-

bundle technique. However, quantification of the pivot shift

test is known to be difficult.

In the present study, a significantly higher number of

patients in the DLSG group underwent meniscus surgery

within two years. Others have found no differences

between the groups [3]. The differences in this study may

be explained by the relatively large reduction in hamstring

strength in the DLSG group.

The weaknesses of this study are the relatively low

follow-up percentage (84%) and the relatively high number

of surgeons participating in this multicenter study.

The clinical relevance of this study is that the use of

these grafts and fixation methods produces equal clinical

results; however, there is a concern about the loss of

hamstring strength in the DLSG group, and therefore a less

aggressive rehabilitation should be considered in this

group.

Conclusion

BPTB ACL reconstruction fixed with interference screws

and DLSG fixed with Bone Mulch Screws on the femur and

WasherLoc Screws on the tibia produces satisfactory and

nearly identical outcomes. At the two-year follow-up, the

BPTB group had more anterior knee pain. However, in the

hamstring group, flexion strength was lower, and more

patients in the DLSG group underwent meniscus surgery in

the follow-up period.
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