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The graft rotation technique is a good option to
avoid graft tunnel mismatch during ACL
reconstruction with BPTB graft
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Abstract
Backgrounds: The graft tunnel mismatch is a well-known complication of bone-patellar tendon-bone
(BPTB) graft in anterior cruciate ligament reconstruction (ACLR) surgery. In the present study, graft
rotation technique is used to tackle this problem.

Aim: The present study was conducted to study the effect of this technique on functional outcomes and
graft failure rate.

Methods: Ninety-nine patients who underwent ACL reconstruction using BPTB graft were enrolled in the
study and depending upon the graft length these patients were divided into 2 groups. Group A-patients
had no graft tunnel mismatch(n=67) and group B-patients had graft tunnel mismatch (n=32). In group B
patients, the graft was rotated inside the tibial tunnel to manage the graft tunnel mismatch problem.
Functional outcomes (Lysholm score and return to sports), knee laxity (KT-1000 difference), and graft
rupture rate were compared between two groups.

Results: The mean KT-1000 difference in group A was 2.11 mm and in group B was 2.03 mm (n.s.). There
was no signi�cant difference in mean Lysholm score (97 vs 97.3; p>0.05). 78% (49/67) of patients in
group B and 73% (25/32) of patients in group A returned to the same or above level of pre-injury activity
(n.s). The graft failure rate was 6% (4/67) in group A and 3% (1/32) in group B.

Conclusions: Rotation of graft inside the tibial tunnel is an effective way to deal with graft tunnel
mismatch.

Introduction
Anterior cruciate ligament (ACL) tear is a common injury among athletes[1]and ACLR using hamstring
tendon graft or bone-patellar tendon graft is the treatment of choice for this injury. Hamstring tendon
graft is recently getting more popular due to less donor site morbidity as compared to bone-patellar
tendon-bone (BPTB) graft[2]. However, BPTB graft is still considered a gold standard graft for athletes, as
it is associated with early and higher return to sports and fewer chances of graft rupture[3]. ACLR with
BPTB graft is associated with some technical problems also like graft tunnel mismatch[4]. Patellar
tendon height is variable and it depends upon number of factors like gender, patient height, ethnicity, etc.
[5–7]. Therefore, during ACL reconstruction surgeon often experiences the problem of extruding bone
outside the tibial tunnel which need to be cut and that can leads to poor bone-to-bone tunnel healing as
there is a smaller bone plug inside the tunnel[8, 9]. Graft-tunnel mismatch is a well-described
complication in the literature with incidence as high as 81%[10]. Previously various probable solutions
like pre-operative anthropometric measurements, calculation of patellar tendon length on MRI, etc. were
described [4, 10]. Grawe et al. in their technique to avoid bone tunnel mismatch suggest using bone plug
inside the femoral tunnel only while soft tissue graft inside the tibial tunnel (avoid harvesting patellar
plug)[11]. However, with this technique, timing of graft integration inside the femoral (bone-to-bone
healing) and tibial tunnel (soft tissue to bone healing) will be different.
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Till now there is no full-proof method to prevent graft tunnel mismatch, therefore, the surgeon needs to
improvise during surgery. Rotation of graft inside the tibial tunnel to reduce the graft length is one such
technique to counter the graft tunnel mismatch. The present study aimed to study the effect of graft
rotation technique on the functional outcomes, knee stability, and graft rupture rate. We hypothesized that
rotated graft provides better knee stability and functional outcomes as braiding increases the tensile
strength.

Methods
The present study was a prospective study, conducted after the institutional ethical committee approval.
Inclusion criteria were professional sportsperson, ACLR with BPTB graft, and age 16-40 years. Patients
having multi-ligamentous injury, skeletally immature, previously operated on the same knee, or having
dysplastic patella were excluded from the study. Written and informed consent was received from all the
patients. 106 athletes were included in the study. Patients were divided into two groups depending upon
the graft tunnel mismatch- group A- patients who did not have any graft tunnel mismatch and group B-
patients who had graft tunnel mismatch. In group B patient graft tunnel mismatch was corrected by
rotation of graft inside the tunnel. All patients underwent similar rehabilitation programs. The Lysholm
score was used to assess the functional outcomes. Knee laxity was checked using KT-1000 arthrometer
and the difference in anterior translation between the normal knee and operated knee was calculated as
KT-1000 difference. All patients were followed up for a minimum of 36 months.7/106 patients were lost
to follow-up. 

Surgical technique 

This technical note presents the technique to correct the graft tunnel mismatch. Graft is rotated inside the
tibial tunnel after �xing the graft inside the femoral tunnel. With this technique not only does protruding
bone go inside the tibial tunnel, but it also strengthens the intra-articular part of the patellar tendon, as
�bers change the linear to breaded alignment. 

Technique

Diagnostic arthroscopy was done using a standard anterolateral and anteromedial portal. After
managing the meniscal tears and con�rming the ACL tear, BPTB graft was harvested. A single midline
incision was given starting 1 cm above the inferior pole of the patella till 2 cm medial to the tibial
tuberosity. Bone block of 10×25 mm from tibial tuberosity and 10×20 mm from patella was harvested.
The diameter of the graft was kept at 10 mm. A larger bone block harvested from tibial tuberosity was
marked at the bony tendon junction with a sterile marking pen. The graft was prepared, two holes at 90
degrees were made in bone plugs on each side and ethibond no.5 was passed through these holes. A
femoral tunnel was made using transportal technique and a tibial tunnel was made with ACL tibial jig.
Ethibond loop was passed through femoral tunnel and tibial tunnel. Tibial tuberosity bone block was kept
inside the femoral tunnel and patellar bone block was kept inside the tibial tunnel. After passing the graft
through femoral tunnel till the marked point went inside the tunnel, graft was then �xed inside the femoral
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tunnel with the help of screw. Then knee was kept at 30 degrees of knee �exion and maximum pull was
given to threads attached to bone block at tibia end. At this moment protrusion of bone outside the tibial
tunnel was checked (�gure 1).  If the bone was protruding outside the tibial tunnel, we rotated the graft
inside the tunnel to shorten the graft length (�gure 2, ).

Statistical analysis

The quantitative data were presented as mean and standard deviation. Quantitative data (Mean age, BMI,
Lysholm score, and KT-1000) were analyzed using student’s T-test. Categorical variables were presented
as counts and percentages. The categorical data were analyzed using the Chi-squared test. All statistical
analyses were performed at a signi�cance level of α=0.05. 

Results
The ACL reconstruction using BPTB graft was performed on 106 patients. 34/106 patients had graft
tunnel mismatch. In all these patients rotation of graft was done to avoid graft tunnel mismatch. The
mean age was 24.8 years. 90 were males and 9 were females. The mean KT-1000 difference in group A
was 2.11 mm and in group B was 2.03 mm (n.s.). At the �nal follow-up, mean Lysholm scores were
comparable between two groups. 78% of patients in group B and 73% of patients in group A returned to
the same or above level of pre-injury activity. The graft failure rate was 6% in group A and 3% in group B.
average graft rotation required was 480 degrees.

Discussion
We presented a simple technique to avoid graft tunnel mismatch. The rotation of graft inside the tibial
tunnel is an effective way to deal with graft tunnel mismatch without having any negative effect on
functional outcomes and graft rupture rate.

Graft tunnel mismatch is a common problem, in the present study, 32% of patients had longer graft. The
reason for graft tunnel mismatch is the longer length of patellar tendon as compared to ACL[12, 13].
Another possible cause of graft tunnel mismatch is a creation of femoral tunnel using a far medial portal,
which produces smaller femoral tunnel[14].

Graft healing inside the bone tunnel is a very important process as it can affect functional outcomes.
BPTB graft heals early than soft tissue graft inside the bone tunnel as bone-to-bone union occurs early as
compared to bone-to soft tissue union[15]. Bone patellar tendon graft heals by primary bone healing,
therefore, it is important to have su�cient bone-to-bone contact inside the tunnels. This technique is
useful in increasing bone-to-bone contact inside the tibial tunnels without compromising graft tension.
Another advantage of the present study was turning straight intra-articular graft into breaded structure.
Breaded structure has more strength than non-breaded structures. Use of small length bone block or
cutting the excessive bone or compromising on the tensioning of graft are some methods to counter the
graft tunnel mismatch. However, with this technique, larger bone blocks can be used and graft can be
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tension adequately. Larger bone block will allow early and strong healing of graft inside the tibial tunnel.
In the present study, functional outcomes, knee laxity, and graft rupture rate were comparable among two
groups. Although these results reject the author's hypothesis, there is still scope for biomechanical study
or cadaveric study to see the effect of braiding on knee stability.

Most of the previous studies about the minimum graft length inside the tibial tunnel were done using a
soft tissue graft. Li Q et al. in their animal study reported that there is a delay in histological maturity and
biomechanical strength if the graft inside the tibial tunnel is less than 15 mm[16]. Currently, there is no
literature available about the minimum required bone plug length inside the tibial tunnel. Therefore, there
is no consensus regarding the minimum bone plug length inside the tibial tunnel. The present technique
can help in achieving maximum bone-to-bone contact inside the tibial tunnel without compromising graft
tensioning.

This study had some limitations: - Firstly, the number of patients in graft tunnel mismatch cohort was
small. Secondly, a comparative study is needed that compared the patients with graft tunnel mismatch
who underwent ACL reconstruction with smaller length bone plug and patients who underwent rotation of
graft to maintain large bone plug.

Conclusions
Rotation of graft inside the tibial tunnel is an effective way to deal with graft tunnel mismatch during ACL
reconstruction with BPTB graft.
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Table 1: Demographic and functional outcomes comparison between group A and B 

  Group A (n=67) Group B (n=32) P-value

Mean Age (years) 24.76±5.01 25±5.13 n.s.

BMI (kg/m2) 22.54±4.75 22.3±4.64 n.s.

KT-1000 difference (mm)  2.11±1.62 2.03±1.59 n.s.

Lysholm Score 97±4.62 97.3±4.62 n.s.

Return to sports 49/67 (73%) 25/32 (78%) n.s

Graft failure 4 (6%) 1 (3%) n.s.

Loss to follow-up  5 2  

Figures

Figure 1

See image above for �gure legend.
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Figure 2

See image above for �gure legend.


