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Abstract

Background—Recent evidence that smaller hamstring graft diameter is associated with 

increased failure risk following anterior cruciate ligament (ACL) reconstruction has increased the 

popularity of graft configurations that increase graft diameter at the expense of graft length. A key 

question is how much graft needs to be in contact with the femoral tunnel to ensure that healing 
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occurs. We hypothesize that no difference in two-year patient-reported outcomes or failure risk 

exists based on the amount of graft in the femoral tunnel.

Methods—Through the use of prospectively collected cohort data augmented with retrospective 

chart review, 120 of 181 consecutive patients (66.3 %) undergoing primary ACL reconstruction 

with hamstring autograft were evaluated. Patient and surgical factors along with pre-operative and 

two-year postoperative knee injury and osteoarthritis outcome score (KOOS) and International 

Knee Documentation Committee (IKDC) scores and whether each patient underwent revision 

ACL reconstruction during the two-year follow-up period were recorded.

Results—No differences in two-year patient-reported outcome scores were noted between 

patients with graft length in the femoral tunnel less than 25 mm and those with graft length in the 

femoral tunnel of at least 25 mm. Controlling for age, sex, BMI, and femoral tunnel technique, no 

correlation was noted between KOOS or IKDC scores and either the length of graft in the femoral 

tunnel or the contact area between the graft and the tunnel.

Conclusions—Variation of the length of hamstring autograft in the femoral tunnel between 14 

and 35 mm does not predict KOOS or IKDC scores at 2 years postoperative.
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Introduction

Hamstring autografts are frequently utilized for anterior cruciate ligament (ACL) 

reconstruction. A critical component of ACL reconstruction using soft tissue grafts is graft 

incorporation with the surrounding bone tunnel. This process occurs over several months 

and involves maturation and reorganization of collagen fibers that attach the graft to bone as 

well as remodeling of the trabecular bone architecture [1-3].

A variety of femoral fixation devices currently are available, but suspensory fixation with a 

cortical button remains the most commonly used method. Recent evidence that smaller graft 

diameter is associated with increased graft failure risk [4, 5] has increased the popularity of 

graft configurations that increase graft diameter at the expense of graft length [6]. With 

limited graft length, a key question is how much graft needs to be in contact with the 

femoral tunnel to ensure that healing occurs.

Previous animal studies have examined this question, with some demonstrating decreased 

pullout strength with smaller amounts of graft in the tunnel [7, 8], while others demonstrate 

no correlation between pullout strength and the amount of graft in the tunnel [9, 10]. We are 

aware of no human clinical studies evaluating this question.

We hypothesize that no difference in two-year patient-reported outcomes or revision risk 

exists between patients in whom 25 mm or more of graft is in the tunnel and those in whom 

less than 25 mm of graft is in the femoral tunnel. We further hypothesize that there is no 

correlation between the two-year patient-reported outcome scores and the length of graft in 

the tunnel or surface contact area between the graft and the tunnel.
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Methods

Patient population and data collection

Through the use of prospective data collected as part of the Multicenter Orthopaedic 

Outcomes Network (MOON) cohort study, 181 consecutive patients undergoing primary 

ACL reconstruction with hamstring autograft and suspensory femoral fixation between the 

years of 2007 and 2009 were identified at two academic centers. The database provides 

demographic information (patient age, sex, and body mass index [BMI]), intra-operative 

findings (meniscus and cartilage status), surgical technique, and patient-reported outcome 

scores (knee injury and osteoarthritis outcome score [KOOS] [11] and International Knee 

Documentation Committee [IKDC] subjective score [12]) pre-operatively and at two-year 

follow-up. The database also contains information regarding whether patients underwent 

repeat ipsilateral knee surgery, including revision ACL reconstruction. These data were 

supplemented by a retrospective chart review to determine the hamstring autograft size and 

length of graft in the femoral tunnel. All data collection activities have been approved by our 

institutional review board.

Surgical technique

Procedures were performed by a total of three fellowship-trained sports medicine surgeons 

at two different institutions. The hamstrings were harvested by standard techniques and four-

strand grafts were used in all cases (either doubled semitendinosus and gracilis or 

quadrupled semitendinosus). ACL reconstruction was performed with either an all-

endoscopic- or arthroscopic-assisted technique. Both medial portal and trans-tibial drilling 

methods were used to create the femoral tunnel. The femoral tunnel was consistently drilled 

to be the same diameter as the prepared graft. Femoral fixation was achieved with a cortical 

button in all cases. Tibial fixation depended on surgeon preference and included interference 

screw fixation, suture tied over a post or button, or a combination of the two. A standard 

accelerated ACL rehabilitation protocol was used for all patients. No postoperative braces 

were utilized, and immediate weightbearing was allowed. Patients were allowed to return to 

sports at 6 months postoperatively.

Statistics

Summary statistics including mean and standard deviations were calculated for continuous 

variables. The length of graft in the femoral tunnel was then dichotomized at 25 mm and 

patient-reported outcome scores and revision risk were compared between the two groups. 

Baseline characteristics of the two groups were compared with t tests (for continuous 

variables) and Fisher’s exact test (for categorical variables). Adjusted means were reported 

for two-year postoperative patient-reported outcome scores (adjusted for age, sex, BMI, 

femoral tunnel drilling technique, and pre-operative patient-reported outcome score). A 

power analysis based on previously reported two-year patient-reported outcomes of ACL 

reconstruction [13] indicated that 36 patients were required in each group to detect a 

clinically significant difference (11.5 points) [14, 15] in subjective IKDC score between the 

groups with 80 % power with a set at 0.05. The relatively small number of events (revision 

operations) in the series precluded modeling of the revision data by logistic regression 

analysis.
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The relationship between the length of graft in the femoral tunnel (as a continuous variable) 

and patient-reported outcome scores at 2 years postoperative was determined by multiple 

linear regression analysis controlling for age, sex, BMI, femoral tunnel drilling technique, 

and pre-operative patient-reported outcome score. This analysis was repeated to evaluate the 

relationship between graft surface area in contact with the femoral tunnel and patient-

reported outcome measures. The graft surface area in contact with the tunnel was calculated 

as a function of graft diameter and graft length in the femoral tunnel. Using the rule of 

thumb that 15 subjects are required for each predictor [16], at least 90 subjects were required 

for the multiple linear regression model utilized in this study that contained six predictors. 

All statistical analyses were performed using Stata, version 12.1 (StataCorp, College Station, 

TX, USA).

Results

The length of graft in the femoral tunnel was available for 120 of the 181 patients eligible 

for inclusion (66.3 %). The 120 patients included 73 males and 47 females and ranged in age 

from 13 to 58 years (mean 25.2±9.4 years). The mean length of graft in the femoral tunnel 

was 23.7±3.8 mm (range 14 to 35 mm).

There were 61 patients with at least 25 mm of graft in the tunnel and 59 patients with less 

than 25 mm in the tunnel. The less than 25 mm group contained a significantly higher 

proportion of patients in whom the femoral tunnel was drilled via a medial portal technique 

(p<0.001). There were no significant differences in patient demographics or pre-operative 

patient-reported outcome scores between the two groups (Table 1). After adjusting for age, 

sex, BMI, femoral tunnel drilling technique, and pre-operative patient-reported outcome 

score, no differences in two-year patient-reported outcome scores were noted between 

patients with graft length in the femoral tunnel less than 25 mm and those with graft length 

in the femoral tunnel of at least 25 mm (Table 2).

Graft length in the tunnel and contact area between the graft and the tunnel were then 

evaluated as continuous variables. After controlling for age, sex, BMI, femoral tunnel 

drilling technique, and pre-operative patient-reported outcome score, no correlation was 

noted between patient-reported outcome scores at 2 years and either the length of graft in the 

femoral tunnel (Table 3) or the contact area between the graft and the tunnel (Table 4).

Seven patients (5.8 %) underwent repeat ipsilateral knee surgery in the two-year follow-up 

period, including two patients (1.6 %) who underwent revision ACL reconstruction. The 

patients in whom revision reconstruction was performed included one 18-year-old patient 

with 15 mm of an 8 mm diameter graft in the tunnel and one 21-year-old patient with 22 mm 

of a 7.5 mm diameter graft in the tunnel. Both grafts were noted at the time of revision 

surgery to have failed in their mid-substance without tunnel pullout.

Discussion

The most important finding in this study was that variation of the length of hamstring 

autograft in the femoral tunnel between 14 and 35 mm did not predict patient-reported 

outcome scores at 2 years postoperative. This finding is quite relevant, as medial portal 
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drilling (which is being used more frequently) generally results in shorter tunnels and new 

all-inside fixation techniques with quadrupled semitendinosus grafts frequently results in 

relatively small amount of graft in the femoral tunnel. Larger numbers are required to 

determine whether graft length in the femoral tunnel affects risk of revision surgery.

While this study represents the first study in humans that assesses the influence of graft 

length in the femoral tunnel on outcomes following primary ACL reconstruction with 

hamstring autograft, several authors have addressed similar questions in animal models. 

Zantop et al examined the influence of graft length in the femoral tunnel in 36 goats [10]. 

The authors randomized 18 of the animals to have 15 mm of graft length in the femoral 

tunnel while the other 18 had 25 mm of graft in the femoral tunnel. They found that at 6 

weeks, ACL reconstructions with 15 mm of graft in the femoral tunnel actually had less 

anterior tibial translation than those with 25 mm, but this difference became nonsignificant 

at 12 weeks.

In a similar study in a canine model, Greis et al. evaluated the pullout strength of extensor 

digitorum longus tendon from an extra-articular metaphyseal bone tunnel [7]. At 6 weeks, 

the group with 1 cm of tendon within the tunnel was shown to have only 60 % of the pullout 

strength as the group with 2 cm of tendon in the tunnel. More recently, Qi et al. performed 

ACL reconstructions with Achilles tendon autograft in 40 adult dogs [8]. There were four 

groups of dogs, each having progressively more graft length within the tibial tunnel (group 

I=5 mm, group II = 10 mm, group III = 15 mm, and group IV= 20 mm). Biomechanical 

testing at 6 weeks revealed that mean graft pullout strength improved from group I to group 

IV, but there was no statistically significant difference between groups III and IV. At 12 

weeks, more tibial-sided pullout was found in group I than the other groups. The authors 

concluded that tendon-bone healing in ACL reconstruction at an early stage will be delayed 

if graft length is less than 15 mm. Finally, Yamazaki et al. performed ACL reconstructions 

in 24 adult beagle dogs using autogenous flexor tendon grafts [9]. Twelve of the dogs had 5 

mm of graft length in the tibial tunnel (group I), while 12 had 15 mm in the tibial tunnel 

(group II). There was no statistically significant difference between the two groups in 

ultimate failure load and linear stiffness of the graft-tibia complex harvested at 6 weeks. The 

authors thus concluded that increasing tendon length in a bone tunnel does not necessarily 

improve its biomechanical strength.

The animal studies outlined above demonstrate no clear minimum amount of tendon that is 

required to be present in a tunnel to ensure healing. Similarly, no clear minimum amount of 

graft required for healing in humans has been defined. The animal data most applicable to 

this clinical study are those from Zantop et al. as they study femoral tunnel [10]. The other 

work cited above utilized tibial tunnel assessments [7-9]. Differences in bone density and 

vascular supply of the distal femur and proximal tibia may limit the applicability of tibial 

data to the femur. For this reason, 25 mm of graft in the tunnel was chosen as the point to 

dichotomize the data, facilitating comparison of the results of the current study to their 

finding that decreasing tunnel length to less than 25 mm did not influence results. The 

results of the current study suggest that as little at 15 mm can be used without adverse 

consequences; however, the data do not allow for assessments of shorter lengths that are 

created with certain new fixation techniques.
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There are several limitations of the current study. The first is that only 120 of 181 (66.3 %) 

consecutive patients undergoing primary ACL reconstruction were evaluated due to 

inconsistent documentation of the length of graft in the tunnel. A related limitation is that 

the study required a review of the operative reports to determine the length of graft in the 

femoral tunnel. Frequently, the amount of graft in the femoral tunnel had to be calculated 

based on the total tunnel length and length of the suspensory fixation device used. 

Therefore, if the measurement of the total tunnel length was inaccurate, the graft length in 

the tunnel calculation would also be inaccurate. Third, the current study focuses only on the 

influence of the femoral tunnel rather than the tibial tunnel. The operative reports generally 

did not comment of the amount of graft in the tibial tunnel; however, the techniques utilized 

by each surgeon resulted in at least 25 mm of graft in the tunnel in all cases. Further 

limitations of the study include the relatively low numbers that preclude an accurate 

assessment of the influence of graft length in the tunnel of graft failure risk, which is 

perhaps the most pressing question related to the issue of graft length in the tunnel. Further, 

due to the retrospective nature of the study, data regarding other factors such as how tightly 

the graft fits into the tunnel are unavailable. Such factors may be critical to tendon-bone 

healing as demonstrated by Greiss et al. in their canine model [7]. We also lack data 

regarding associated meniscal and cartilage injuries that may influence patient-reported 

outcome scores between the two groups. Finally, objective evaluation of knee laxity (such as 

KT-1000 data) is not available for these patients. Such data may give further insight into 

differences between the two groups. Prospective comparative studies with larger patient 

numbers are needed to better understand the relationship between graft length in the femoral 

tunnel, patient-reported outcomes, and risk of revision ACL reconstruction.

Variation of the length of hamstring autograft in the femoral tunnel between 14 and 35 mm 

does not predict KOOS or IKDC scores at 2 years postoperative. Larger numbers are 

required to determine whether graft length in the femoral tunnel affects risk of revision 

surgery.
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Table 1

Baseline patient characteristics based on graft length in the femoral tunnel dichotomized at 25 mm

Graft length in the femoral tunnel Significance

Less than 25 mm
(n=62)

25 mm and greater
(n=58)

Length of graft in the femoral tunnel (mm) 20.9±2.9 27.6±2.2 p<0.001

Age 24.3±10.0 26.1±8.8 p=0.32

Sex (% male) p=0.09

 Male 33 (53.2 %) 40 (69.0 %)

 Female 29 (46.8 %) 18 (31.0 %)

BMI 24.9±4.5 26.3±5.0 p=0.H

Femoral tunnel technique p<0.001

 Trans-tibial 28 (45.2 %) 53 (91.4 %)

 Medial portal 34 (54.8 %) 5 (8.6 %)

Graft size 7.56±0.69 7.63±0.63 p=0.63

Pre-op KOOS-symptoms 61.4±22.5 59.1±20.5 p=0.57

Pre-op KOOS-pain 69.5±18.8 64.0±17.4 p=0.10

Pre-op KOOS-ADLs 76.6±19.4 73.1±19.8 p=0.33

Pre-op KOOS-Sport/Rec 38.7±27.7 34.1±25.4 p=0.36

Pre-op KOOS-QOL 38.1±21.7 31.1±18.2 p=0.06

Pre-op IKDC 46.8±17.5 42.7±15.6 p=0.19

mm millimeter, KOOS knee injury and osteoarthritis outcome score, ADLs activities of daily living, Sport/Rec sports and recreation function, QOL 
knee-related quality of life, IKDC International Knee Documentation Committee
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Table 2

Comparison of adjusted patient-reported outcomes at 2 years based on graft length in the femoral tunnel 

dichotomized at 25 mm

Outcome score
a Graft length in the femoral tunnel Significance

Less than 25 mm
(n=61)

25 mm and
greater (n=59)

KOOS-symptoms 84.0±17.5 81.5±17.5 p=0.46

KOOS-pain 89.3±14.5 88.1 ±14.8 p=0.68

KOOS-ADLs 95.7±13.7 92.2±13.6 p=0.18

KOOS-Sport/Rec 82.2±22.9 76.1 ±23.3 p=0.18

KOOS-QOL 70.7±24.9 73.1 ±24.9 p=0.63

IKDC 81.2± 18.9 80.8±19.4 p=0.92

mm millimeter, KOOS knee injury and osteoarthritis outcome score, ADLs activities of daily living, Sport/Rec sports and recreation function, QOL 
knee-related quality of life, IKDC International Knee Documentation Committee

a
Adjusted for age, sex, BMI, femoral tunnel drilling technique, and pre-operative patient-reported outcome score

Eur Orthop Traumatol. Author manuscript; available in PMC 2015 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mariscalco et al. Page 10

Table 3

Results of multiple linear regression analyses of the impact of length of graft in the tunnel on patient-reported 

outcome scores

Outcome score Regression coefficient
of graft length in tunnel

Standard
error

Significance

KOOS-symptoms 0.24 0.44 p=0.59

KOOS-pain 0.36 0.36 p=0.34

KOOS-ADLs 0.08 0.34 p=0.82

KOOS-Sport/Rec 0.15 0.57 p=0.79

KOOS-QOL 0.48 0.62 p=0.44

IKDC 0.42 0.49 p=0.39

KOOS knee injury and osteoarthritis outcome score, ADLs activities of daily living, Sport/Rec sports and recreation function, QOL knee-related 
quality of life, IKDC International Knee Documentation Committee
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Table 4

Results of multiple linear regression analyses of the impact of graft surface area contact with the tunnel on 

patient-reported outcome scores

Outcome score Regression coefficient of
graft surface area contact

Standard
error

Significance

KOOS-symptoms −0.002 0.44 p=0.86

KOOS-pain 0.008 0.012 p=0.52

KOOS-ADLs −0.001 0.011 p=0.90

KOOS-Sport/Rec −0.004 0.018 p=0.82

KOOS-QOL 0.001 0.020 p=0.98

IKDC 0.000 0.015 p=0.99

KOOS knee injury and osteoarthritis outcome score, ADLs activities of daily living, Sport/Rec sports and recreation function, QOL knee-related 
quality of life, IKDC International Knee Documentation Committee
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