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Double-bundle anatomic anterior cruciate ligament 

reconstruction using hamstring-bone graft: a long-term follow up 

Jingyue Gan1,2, Jie Li1, Vidmi Taolam Martin1, Ke liu2, Bo Yu1 *  

[Abstract] Purpose We modified the hamstring tendon graft into the 

hamstring-bone composite graft in double-bundle anterior cruciate ligament 

reconstruction for anterior cruciate ligament (ACL) injuries. Here, we 

evaluated the technique's effectiveness by investigating the clinical results 

in restoring the stability and function of the knee joint. Methods We reviewed 

42 patients who underwent anterior cruciate ligament reconstruction (ACLR) 

with the hamstring-bone graft for ACL injuries from January 2013 to April 

2015, with an average follow-up of 66.6 months. The objective evaluations 

(KT-1000, Lachman test and pivot-shift test) and the subjective evaluations 

(International Knee Documentation Committee (IKDC) scores, Lysholm 

scores ， and Tegner scores) were performed preoperatively and 

postoperatively. Results Forty-one of 42 patients were negative in the 

Lachman test and forty of 42 patients were negative in the pivot-shift test 

after the operation at the final follow-up time. The IKDC, Lysholm， and 

Tegner scores improved significantly from 56.24±9.28 to 85.33±3.37, from 

62.00±11.09 to 90.43±3.71，and from 2.3±0.87 to 6.5±0.67 at the final 

follow-up. Conclusion Double-bundle anatomic ACLR with a hamstring-

bone composite graft can restore the anteroposterior and rotational stability 

for ACL injuries. The modified technique can provide excellent clinical 

outcomes with a long-term follow-up.  
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Introduction 

Single-bundle and double-bundle anatomic anterior cruciate ligament 

reconstruction (ACLR) are common techniques for ACL injuries. In recent 

the decade, single-bundle anatomic ACLR has been widely recognized 

because of its similar clinical effect and easier surgical techniques than 

double-bundle anatomic ACLR[1-4]. However, it is still controversial whether 

double-bundle or single-bundle reconstruction will provide superior clinical 

results.  Previous studies revealed  no significant difference in objective or 

subjective outcomes between the double-bundle and single-bundle 

reconstruction[5-9]. Conversely, several biomechanical and clinical studies 

have demonstrated that double-bundle reconstruction was superior to 

single-bundle reconstruction in restoring the knee joint's anterior and 

rotational stability[10-14]. Moreover, compared with rates reported after 

single-bundle ACLR，double-bundle ACLR utilizing a hamstring autograft 

have lower graft rupture rates in patients[15-18]. Given this, we used double-

bundle anatomic ACLR for ACL injuries.  

Besides, ACLR with hamstring tendon requires osteointegration of the 

tendon graft after initial fixation. Appropriate graft-to-bone healing is 

essential for postoperative rehabilitation and resumption of athletic 

activities[19]. Some researchers have demonstrated that bone-patellar 

tendon-bone autografts heal more rapidly because of their bone-to-bone 

interfaces when the hamstring autograft's soft tissue-to-bone interface takes 

9～12 weeks to heal[20-21]. Consequently, we proposed that the hamstring-

bone composite graft modified the hamstring tendon graft to insert the tibial 

tunnel, augmenting graft-bone interface healing.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

This study aimed to investigate the clinical outcomes and knee joint 



stability of the patients who underwent the modified double-bundle anatomic 

ACLR technique with a hamstring-bone composite graft. We hypothesized 

that the modified technique could restore the anteroposterior and rotational 

stability for ACL injuries. With this new technique, the patients gained 

excellent long-term stability and function of the knee joint. 

Materials and Methods 

Patients 

We retrospectively reviewed 42 knees from 42 patients who underwent 

ACLR with hamstring-bone autograft for ACL injuries from January 2013 to 

April 2015. The inclusion criteria: primary ACL injuries; unilateral ACL injuries; 

less than 6 months after injury; no previous surgery on the affected knee; 

with or without concomitant meniscal tear; patients aged 18 to 45 years. The 

exclusion criteria include: injuries combined with a posterior cruciate 

ligament injury; collateral ligament and/or posterolateral complex injury; 

lower extremity fracture; radiographic evidence of Kellgren-Lawrence grade 

3 or 4 osteoarthritis and/or severe osteoporosis; skeletal immatureness; 

partial ACL injuries. The study was approved by the Ethics Committee of 

zhujiang Hospital of Southern Medical University. An experienced senior 

surgeon performed all patients who underwent ACLR surgery with the 

hamstring-bone autograft. The knee joint stability was evaluated by means 

of KT-1000, Lachman test and pivot-shift test preoperatively and 

postoperatively. International Knee Documentation Committee score (IKDC), 

Lysholm scores and Tegner scores were estimated preoperatively and 

postoperatively. All 42 patients were followed up, with an average follow-up 

of 66.6 ± 8.4 months (ranged from 53 to 80 months). The demographic data 

are displayed in Table 1. 

Surgical technique  

Every patient was treated with combined spinal-epidural anesthesia or 

general anesthesia. Arthroscopy was used through the anterolateral and 

anteromedial portal to verify ACL rapture. The synovial tissue of the 



intercondylar fossa was cleaned to avoid the crowding of the intercondylar 

fossa. For patients with stenosis of the intercondylar fossa, the enlargement 

formation of the intercondylar fossa was required. After confirmation of ACL 

rupture, a longitudinal incision of about 3～4cm was made at the medial side 

to the tibia tuberosity. The sartorius muscle was split up along the direction 

of muscle fibers and pulled upward to make the semitendinosus and gracilis 

tendon visible. The cuboid bone block(20x10x10mm in size) that connected 

semitendinosus and gracilis tendon was harvested firstly by osteotome at 

the site of hamstring tendon insertion(Figure 1A,1B). Then, the 

semitendinosus and gracilis tendons were harvested by the tendon 

harvester, and the bone block was divided into two equal parts(10x10x10mm 

in size)(Figure 2A,2B). Semitendinosus and gracilis tendon were performed 

by double loop suture technique with the NO 2 Ethibond(Ethicon) non-

absorbable sutures at both ends of the tendon and folded to create 4 strands，

respectively. The diameter of tendon grafts was measured precisely, and 

grafts were pre-tensioned under 20 pounds for 10 minutes to be ready for 

passing through bone tunnels. Anatomical double-tunnel double-bundle 

ACLR was used in operation. Semitendinosus tendon was used for 

reconstruction of an anteromedial bundle(AMB) and gracilis tendon was 

used for the posterolateral bundle(PLB)(Figure 3A,3B).  

The tibial PLB tunnel was drilled 5～6mm away from the anterior margin 

of PCL, and the direction was 45 ° in the horizontal plane and 45 ° in the 

sagittal plane, and the tibial AMB tunnel was drilled 5～6mm behind the 

anterior margin of ACL and the direction was 45 ° in the horizontal plane and 

20 °～30 ° in sagittal plane. Through the anteromedial portal, the 3 mm 

eccentric femoral tunnel guider was used at the posterior edge of the lateral 

femoral condyle, and the center of the femoral attachment of the AMB with 



the knee flexed extremely, using inside-out technique. PLB tunnel was 

located 5mm above the lateral femoral condylar cartilage at 90°of  knee 

flexion, using the inside-out technique. The bone wall between the femoral 

tunnel apertures was at least 1 to 2mm.  

After completing 2 tibial and 2 femoral tunnels in which the diameter 

was determined according to the measured diameter of prepared grafts, we 

trimmed 2 cube tendon-bone blocks into cylindrical plugs. The diameter of 

cylindrical bone plugs were 1～2mm smaller than that of the tibial tunnel, so 

that the sutures at the end of the graft tendon could be pulled in the tibial 

tunnel frictionlessly. The PLB graft and the AMB graft were introduced 

through the tibial tunnel to the femoral tunnel. Finally, the PLB and AMB were 

fixed at 10 ° ～ 20 ° of knee flexion with mini-disc suspension, 

respectively(B.Braun company, Germany)(Figure 4,5). 

Postoperative rehabilitation 

We implemented a nonradical rehabilitation program after the operation. 

The range of flexion and extension of the knee joint were limited to 0～30 ° 

within 2 weeks and 0～90 ° within 4 weeks after the operation and strictly 

limited the activity time to 15 minutes twice per day. Isometric muscle-

strengthening exercises were allowed the day after surgery. Partial-body 

weight-bearing was started on the third week, and full weight-bearing was 

started on the fifth week after the operation. Running, jump-landing training 

and open kinetic chain exercises were allowed after 4 months, and return to 

sports activities was allowed after 8 months. 

Clinical effectiveness follow-up 

All patients were examined preoperatively and postoperatively. At the final 

follow-up, the knee functions were evaluated by the following items. 

Objective evaluations：①KT-1000 (MEDmetric,USA); ②Lachman test;③



Pivot-shift test. Subjective evaluations:①International Knee Documentation 

Committee(IKDC) scores[22]；②Lysholm scores[23]；③Tegner scores[24]. 

Statistical analysis 

  All continuous variables were expressed as the means ± standard 

deviation. The independent samples t-test was used to compare the 

continuous variables between preoperation and postoperation. Numeration 

data were compared with the Chi-square test. SPSS statistical software 23.0 

(SPSS Inc USA) was used for statistical calculations, and significance was 

defined as P < 0.05. 

Results 

We retrospectively reviewed 42 knees from 42 patients aged 18 to 45 

years who underwent ACLR with the hamstring-bone autograft for ACL 

injuries from January 2013 to April 2015. All patients were followed up. Only 

one patient suffered from superficial infections, and one patient suffered 

from incision fat liquefaction at the anteromedial tibial incision site. No deep 

infections, skin necrosis, or ACL re-ruptures was observed and no nonunion 

of the tibial tunnel was found in our study after long-term follow-up.  

In respect of subjective evaluations(Table 2), the IKDC, Lysholm and 

Tegner scores improved significantly from 56.24±9.28 to 85.33±3.37, from 

62.00±11.09 to 90.43±3.71, and from 2.3±0.87 to 6.5±0.67 at the last 

follow-up (P＜0.01). In respect of knee stability evaluations(Table 3), the 

mean value of KT-1000(MED metric, USA, values of 134N under preload at 

30°of knee flexion) decreased from 7.0±0.90 preoperatively to 1.1±0.41 

postoperatively(P＜0.01). The postoperative Lachman test results showed 

that 97.6% (41 cases) patients performed negative results when 2.4% (1 

case) patients performed positive results. The postoperative pivot-shift test 

results showed that 95.2% (40 cases) patients performed negative results 



when 4.8% (2 cases) patients performed positive results.  

Discussion 

After a long-term follow-up, we found that the double-bundle ACLR with 

hamstring-bone graft not only achieved good clinical outcomes, but also 

restored knee joint stability. This is similar to the results of many other 

researches. Jarvela et al.[25] compared tunnel enlargement in sixty patients 

with double-tunnel and single-tunnel ACLR, and then they found that on the 

tibial side, tunnel enlargement was greater in the single-tunnel group than in 

the double-tunnel group, which demonstrated that the patients who had 

more tunnel enlargement had significantly more anterior and rotational laxity 

of the operated knee as well. Aga C et al. [26] detected tunnel widening in 

double-tunnel and single-tunnel ACLR through a semiautomated 3D CT 

imaging modality, and they found a larger amount of widening in the single 

femoral and tibial tunnels compared to the double femoral and tibial tunnels. 

In our study, the Lachman and pivot-shift test showed a very low positive 

rate postoperatively, and we did not find ACL re-rupture cases at the final 

follow-up. The results demonstrated that our modified technique could 

restore both anteroposterior stability and rotational stability. A research 

showed that ACL re-rupture rate after double-tunnel reconstruction was 

significantly lower than that of single-tunnel reconstruction in patients 

younger than 30 years old[15]. Sasaki S et al.[27]compared the efficacy of 

double-tunnel double-bundle and single-tunnel single-bundle ACLR and 

found no differences in subjective and objective indicators between the two 

groups. However, in the study, a rectangular-tunnel technique was used 

instead of a single round-tunnel for the femoral side. The author indicated 

that rectangular-tunnel reconstruction could provide a larger coverage at the 

ACL attachment area compared with single round-tunnel and result in closer 

to normal knee biomechanics. Therefore, the study indicates that the 

researcher doubts the capacity for restoring single round-tunnel 

reconstruction's knee stability. Based on the above research and our study, 



we consider that double-tunnel double-bundle reconstruction is superior to 

single-tunnel single-bundle reconstruction in restoring knee joint stability. 

For these reasons, if the patients are young or middle aged and high 

demand for physical activities, double-tunnel double-bundle ACLR will be 

considered necessary.  

In our study, we used suspensory fixation of the hamstring tendon graft: 

endobutton at the exit of the femoral tunnel and mini-disc at the exit of the 

tibial tunnel. Fixation methods commonly used in ACLR could be included in 

two types[28]: (1) fixation at a distance such as TransFix and EndoButton; 

(2) fixation with an interference screw. At present, interface screw fixation is 

widely used. Weiler et al.[21]demonstrated that fixation at the joint surface 

using interference fixation might neutralize tendon graft-tunnel motions,  

thus promoting a direct type of ligament insertion at the joint surface. Weiler 

et al.[21] also found that the head of the interference screw which was 

usually inserted into the tibial tunnel in an inside-out direction could flush 

with the intra-articular aperture of the tibial tunnel. Currently, the interference 

screw is usually inserted into the tibial tunnel in an outside-in direction, and 

this technique can reduce the compression of the interference screw on the 

graft. However, graft tunnel motion at the intra-articular aperture of the tibial 

tunnel would be expected in this technique, especially when the length of 

the interference screw is shorter than the length of the tibial tunnel[21]. The 

suspensory fixation of hamstring tendon far from the tunnel aperture did not 

compress the tendon graft along the tunnel’s length as fixation with an 

interference screw. In addition, this technique may also allow the ingrowth 

of blood vessels along the entire length of the tendon graft[29]. The study[30], 

explored the tendon-to-bone healing differences between interference 

screw versus EndoButton,  indicating that fixation with interference screw 

led to an indirect ligamentous insertion and fixation with EndoButton led to 

viability of the graft tendon healing in the bone tunnel. Although fixation with 



EndoButton may lead to a slow healing process, the success rate of ACL 

reconstruction with EndoButton is up to 95.8%[31].  

There is no doubt that the graft’s early intra-tunnel motion is considered 

to preclude graft tendon healing to bone，and the suspensory type of fixation 

could result in graft tunnel motion and may lead to slow healing process. To 

remedy the deficiency of suspensory fixation, we inserted the hamstring-

bone composite graft into the tibial tunnel. It has the following advantages: 

Firstly, the trimmed cylindrical bone plug can inosculate with the tibial 

tunnel's bone wall, and the healing type of the tibial tunnel graft changes 

from tendon-bone healing to the combination of tendon-bone healing and 

bone-to-bone healing. The success of ligament reconstruction procedures 

using tendon grafts is based on the graft incorporation between the tendon 

and bone. It has been reported that the bone-bone interface healed more 

rapidly than the soft-to-bone interface of the hamstring-tendon autograft[20, 

21]. Therefore, the trimmed cylindrical bone plug promotes incorporation 

between graft and bone in the tibial tunnel. Secondly, the trimmed cylindrical 

bone plug can play a filling and occupying a role in neutralizing tendon graft-

tunnel motions. Some researchers suggest  progressively greater graft-

tunnel motion in suspensory fixation as the distance from the fixation point 

increases, resulting in greater graft-tunnel motion at the tunnel aperture than 

at the tunnel exit for a graft fixed outside of the tunnel[32-34]. Suspensory 

fixation methods have been said to exhibit longitudinal motion due to the 

distance between the graft and the point of fixation, and they will lead to 

bone tunnel enlargement and influence knee stability[35]. In consideration 

of our research，the cylindrical bone plug located at the tibial tunnel can play 

a filling and occupying role. The distal section of the tibial tunnel, where the 

sutures were originally occupied, was filled with cylindrical bone plug. As a 

result, the cylindrical bone plug could enhance the consistent graft tension 



through squeezing the graft sutures between the end of the graft and the 

mini-disc at the tibial tunnel exit. Consequently, the cylindrical bone plug 

augments the capacity of graft fixation as the supplementary of mini-disc at 

tibial tunnel exit. The filling and fixation effect of cylindrical bone plug 

decreased the magnitude of graft tunnel motion and increased the graft's 

stability in the tibial tunnel. It is noted that the diameter of the graft sutures 

between the end of graft and the button were approximately 1～2mm. In 

order to make the graft sutures go through the gap between cylindrical bone 

plugs and tunnel wall more smoothly, the diameter of cylindrical bone plugs 

should be trimmed 1～2mm smaller than that of the tibial tunnel.  

In our study, there were 1 case of superficial infection and 1 case of 

incision fat liquefaction. The superficial infection occurred one week after the 

operation, and healed after limited debridement and dressing change.  One 

patient suffered from incision fat liquefaction on the 10th day after the 

operation, and the wound healed after radical debridement and dressing 

change. In our study, we had a very low incidence of perioperative 

complications, so the bone harvesting procedure did not add additional 

injuries to the patients, and the bone defect would be healed 4～6 months 

after operation(Figure 6A,6B).  

There were some limitations in our study. Firstly, the modified technique 

lacked of biomechanical testing in cadaver specimens. Secondly, the 

precise evaluation of tendon-bone graft motion was not investigated in the 

present study. Thirdly, there was no case-control in our study. That would be 

better if we added controlled cases that undertook double-bundle ACLR with 

hamstring graft only. Fourthly, we did not evaluate the development of knee 

OA after the operation in our study. Although the patients obtained good 

clinical outcomes with a long-term follow up, further study is needed to 



evaluate the relationship between ACLR and knee OA development. 

Conclusion   

The hamstring-bone plug filled in the tibial tunnel reduced distance 

between the graft and the point of fixation. Consequently, our modified 

technique can decrease the graft longitudinal motion and reduce the tunnel 

enlargement. This technique also allows the ingrowth of blood vessels along 

the tendon graft's entire length compared with the interference screw fixation. 

After long-term follow-up, we have confirmed that double-bundle anatomic 

ACLR with a hamstring-bone composite graft can obtain satisfactory clinical 

outcomes and restore knee anteroposterior and rotational stability. 
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Table 1 Patient demographic data  

Gender Ages(years) Injury knee Weight(Kg) Height(cm) Time from injury 

to  

surgery(months) 

Meniscus 

injury 

Follow-up(months)  

Male/female Right/left M/L/Bi/N 

33/9 32.9±7.1 24/18 72.1±8.4 171.9±6.5 12.0±6.4 10/7/5/20 66.6±8.4(53-80) 

M: medial meniscus injury, L: lateral meniscus injury, Bi: bilateral meniscus injury, 

N: none meniscus injury  

 

Table 2 subjective evaluations of patients    

 IKDC scores Lysholm scores Tegner scores 

Preoperative 56.24±9.28 62.00±11.09 2.3±0.87 

Postoperative 85.33±3.37 90.43±3.71 6.5±0.67 

P value 0.000 0.000 0.000 

Postoperative follow-up compared with preoperative, P＜0.01.  

 

Table 3 objective evaluations of patients 

 KT-1000(mm) 

(30° of knee flexion) 

Lachman testing(cases) Pivot-shift 

testing(cases) 

Negative Positive Negative Positive 

preoperative 7.0±0.90 0 42 13 29 

postoperative 1.1±0.41 41 1 40   2 

P value       0.000  0.000   0.000 

Postoperative follow-up compared with preoperative, P＜0.01. 

 

 

 



 

Figure 1A. Harvest of cuboid bone block at the footprint of GT and ST. GT: gracilis 

tendon; ST: semitendinosus tendon. 

 

Figure 1B. The block is 20mm length, 10mm width, and 10mm thickness, and it is 

cut into 2 equal pieces (a, b). 



 

Figure 2A. Harvest of ST and GT, and the bone block is divided into two equal 

parts. 

 

 

Figure 2B. The bone block is divided into two equal parts. The blocks are 10mm 

length, 10mm width, and 10mm thickness, respectively. 



 

Figure 3A. Suture and fold of GT and ST. 

 

 

Figure 3B. Initial trim of 2 cube tendon-bone blocks into cylindrical plugs. GT 

tendon-plug is 10mm length and the diameter is 7mm, and ST tendon-plug is 

10mm length and the diameter is 8mm (the final diameters of the cylindrical plugs 

are 1～2mm smaller than that of the tibial tunnels). 



 

Figure 4. Fixation of the grafts at the femoral and tibial with mini-disc suspension. 

The diameter of cylindrical bone plugs were 1～2mm smaller than that of the tibial 

tunnel, so that the sutures at the end of the graft tendon could be pulled from 

the tibial tunnel frictionless. AMB: anteromedial bundle, PLB: posterolateral bundle. 

 

Figure 5. CT (Postoperative, bone plug in the tunnel could be found). 



 

Figure 6A. CT(3 days after operation, bone defect could be found). 

 

Figure 6B. CT(16 months after operation, bone defect could be healed). 
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Figures

Figure 1

1A. Harvest of cuboid bone block at the footprint of GT and ST. GT: gracilis tendon; ST: semitendinosus
tendon. 1B. The block is 20mm length, 10mm width, and 10mm thickness, and it is cut into 2 equal
pieces (a, b).

Figure 2



2A. Harvest of ST and GT, and the bone block is divided into two equal parts. 2B. The bone block is
divided into two equal parts. The blocks are 10mm length, 10mm width, and 10mm thickness,
respectively.

Figure 3

3A. Suture and fold of GT and ST. 3B. Initial trim of 2 cube tendon-bone blocks into cylindrical plugs. GT
tendon-plug is 10mm length and the diameter is 7mm, and ST tendon-plug is 10mm length and the
diameter is 8mm (the �nal diameters of the cylindrical plugs are 12mm smaller than that of the tibial
tunnels).



Figure 4

Fixation of the grafts at the femoral and tibial with mini-disc suspension. The diameter of cylindrical
bone plugs were 12mm smaller than that of the tibial tunnel, so that the sutures at the end of the graft
tendon could be pulled from the tibial tunnel frictionless. AMB: anteromedial bundle, PLB: posterolateral
bundle.



Figure 5

CT (Postoperative, bone plug in the tunnel could be found).

Figure 6

6A. CT(3 days after operation, bone defect could be found). 6B. CT(16 months after operation, bone
defect could be healed).


