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Postoperative Δ134 was 1.50 ± 1.3, 1.59 ± 1.5 and 
2 ± 1.7 mm for groups 1 through 3, respectively. 
Δ134 > 3 mm was observed in three patients in group 1, 
four patients in group 2 and nine patients in group 3. As 
compared to group 1, OR was 1.46 (95 % CI 0.35–6.05) 
and 3.31 (95 % CI 0.89–12.34) in groups 2 and 3, respec-
tively. Adjustment for age, gender, BMI and meniscus did 
not change the estimates [OR 1.44 (95 % CI 0.34–6.16) 
and 3.92 (95 % CI 1–15.37)] in groups 2 and 3, respec-
tively. Patients younger than 20 had a significantly higher 
average postoperative laximetry (2.4 ± 1.5 mm) compared 
to those aged 20 years and over (1.5 ± 1.5 mm) (p = 0.03), 
regardless of the diameter of the graft.
Conclusion The diameter of the graft between 8 and 
10 mm does not affect the laximetric results of an ACL 
reconstruction. Therefore, there does not appear to be a 
benefit to harvesting and adding further tissue to increase 
the diameter of the graft above 10 mm. Patients younger 
than 20 represent a population at risk of graft elongation. In 
these patients at risk, postoperative management needs to 
be modified (delayed weight bearing, articulated splinting, 
slower rehabilitation) in the first months.
Level of evidence Retrospective case series, Level IV.

Keywords Knee · Anterior cruciate ligament · Hamstring 
tendons · Residual laxity · Short graft · TLS screw

Introduction

Reconstruction of the anterior cruciate ligament (ACL) is a 
common surgery, with increasingly successful results. A popu-
lar graft choice for the reconstruction is autograft hamstring 
tendons (HT) [24]. Techniques have included the use of both 
the semitendinosus (ST) and gracilis (G), and more recently 

Abstract 
Purpose Hamstring tendons are commonly used as a 
graft source for ACL reconstruction. This study seeks to 
determine whether either the diameter of the tendon graft 
or the age of the patient influences the outcome of the ACL 
reconstruction when measured using a standard, previously 
validated laxity measurement device.
Methods This is a retrospective study of 88 patients 
who underwent ACL reconstruction with a short, quadru-
pled tendon technique, using the semitendinosus ± graci-
lis tendons. Patients included in this study were sequen-
tial, unilateral, complete ACL ruptures. The patients were 
followed for a minimum of 1 year postoperatively, with a 
mean follow-up of 26 months. Patients were divided into 
three groups according to the diameter (Ø) of the graft: 
group 1 (32 patients): 8 mm ≤ Ø ≤ 9 mm; group 2 (28 
patients): 9 mm < Ø ≤ 10 mm; and group 3 (28 patients): 
Ø > 10 mm. Three groups with differential laxity at 134 N 
(Δ134 = healthy side vs. operated side) measured with the 
laximeter GNRB® were compared. The risk of residual lax-
ity (OR) between the three groups taking age, gender, BMI 
and meniscus status into account was calculated. A side-to-
side laxity >3 mm was considered as a residual laxity.
Results The mean patient age at the time of reconstruc-
tion was 29.4 years. The three groups were comparable. 
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a single tendon that is implanted in a quadrupled preparation 
[8]. Hamstring tendon techniques have been shown to have 
lower morbidity than that of the patellar tendon [2, 5, 16, 35], 
and successful results have been reported in many published 
articles [16, 20, 23, 24, 30, 32]. Biomechanical studies have 
shown that in 4-strand graft, the HT was equivalent or superior 
in terms of strength to graft bone-patellar tendon-bone [15, 
38]. Despite much progress, revision rates of ACL reconstruc-
tions are between 1.8 and 10.4 % [39, 40]. ACL reconstruc-
tion with HT tendons can involve using an isolated ST, but the 
G can be added as necessary (ST–G) [8]. It has been shown 
that gender, age, height and body mass index (BMI) were pre-
dictive of the diameter and length of the tendons [33, 36, 37]. 
While we can predict the size of the tendons, we do not know 
precisely for each patient the dimensions of the native ACL 
we seek to rebuild. Recent publications have focused on the 
risk factors for failure of ACL reconstruction. A graft having a 
diameter of <8 mm has been associated with a high rate revi-
sion according to Magnussen et al. [23]. The procedure on a 
patient younger than 25 years according to Kamien et al. [18, 
23] or younger than 20 for Magnussen et al. [18, 23] is also 
a risk factor for failure. The new element in this work is that 
the laximetric measurements were performed with a precise 
and reproducible laximeter at the preoperative and the latest 
follow-up. The aim of this study was to evaluate whether the 
diameter of the HT graft or patient age influences postopera-
tive laximetry results after ACL reconstruction and whether 
this might have some influence on the post-op care manage-
ment. The hypotheses were as follows:

1. The larger the diameter of the graft, the lower the lax-
ity measured.

2. The younger the subject, the higher the risk of failure.

Materials and methods

This was a retrospective, single-centre study on 88 consec-
utive ACL reconstructions using a short, quadrupled strand, 

single-bundle autograft. The reconstruction was performed 
by one single senior operator (HR) between January 2010 
and January 2011. Included criteria were unilateral com-
plete ACL tears, with or without partial meniscal lesions, 
with a minimum follow-up of 1 year. Exclusion criteria 
were as follows: partial ACL lesion, bilateral ACL lesions, 
combined ligament injuries, revisions and adolescents 
(<15 years), total or subtotal meniscectomy. The opera-
tive age, sex, height and weight of patients and the type 
of graft (semitendinosus mostly isolated) were recorded. 
The graft length must be less than sum of the length of the 
intra-articular path of the ACL and the length of tibial and 
femoral sockets; it was a short graft around 57 ± 3 mm in 
this series [8]. The diameter of the middle of the graft pre-
pared in a close loop was measured using a calibrator, after 
preparation and pretension (Fig. 1). Patients were divided 
into three groups according to the diameter of the middle 
of the graft: group 1: 8 mm ≤ Ø ≤ 9 mm (n = 32), group 
2: 9 mm < Ø ≤ 10 mm (n = 28) and group 3: Ø > 10 mm 
(n = 28). No graft had a diameter of <8 mm. All patients 
were reviewed clinically by an independent examiner, at 
a minimum of 1 year and a comparative laximetric meas-
urement taken with GNRB® (GeNouRoB, Laval, France) 
at the time of the latest follow-up [28]. The measurement 
accuracy of the GNRB® is 0.1 mm [28]. A “residual lax-
ity” of the ACL reconstruction with HT was defined by 
a differential laximetry of greater than 3 mm at 134 N 
(Δ134 > 3 mm). This threshold of 3 mm corresponds to 
the grade B (“nearly normal”) in the objective Interna-
tional Knee Documentation Committee score (IKDC). 
The average age of all patients at the time of surgery was 
29.4 ± 10.2 years (15–54). There were 70 men (79 %) 
and 18 women (21 %). The distribution of meniscus status 
(intact, sutured or meniscectomy) is in Table 1.

The procedure was performed under general anaesthesia, 
most often associated with a femoral block and without a 
tourniquet. The arthroscopic assessment allowed the treat-
ment of associated injuries (meniscal, chondral). Meniscal 
lesions were either sutured using an “all inside” technique 

Fig. 1  Diameter of the short graft under traction is measured by the calibrator (accuracy: 0.5 mm) at its middle
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or resected. The harvesting of the HT (ST ± G) was per-
formed using an oblique 3-cm incision centred on their 
tibial insertion. We recommend sparing the gracilis, because 
the ST length can be generally quadrupled. If the ST was 
insufficient in length or thickness, experienced most fre-
quently in short patients, the G was secondarily harvested. 
Tendons were cleaned of muscle insertion. The length of the 
prepared graft was chosen proportionally to patient height 
and averaged approximately 55–60 mm [8]. The tendon was 
wrapped around polypropylene tapes and then tensioned up 
to 200N for 30 s on a dedicated traction table [8, 12]. After 
traction was applied, the diameter of the graft was measured 
at each end and at its centre with a calibrator (Fig. 1). The 
measurement accuracy of the calibrator is 0.5 mm. Targeting 
of the femoral footprint was accomplished using an out-in 
guide at 120°, aimed at the centre of the femoral anatomical 
footprint and controlled by a fluoroscopic image [29]. The 
tibial targeting was performed using a standard tibial guide 
set to 60°, aimed at the centre of the tibial footprint. Retro-
grade reaming created sockets in the femur, and tibia sized 
according to the diameter of each end of the graft. The graft 
was then passed into the knee through the medial portal, and 
suspensory tapes were fixed in the tibia and femur using an 
absorbable interference screw (PLLA-βTCP). Knee stability 
was assessed with Lachman and pivot shift tests. Absence 
of roof impingement was then confirmed. Postoperatively, 
full weight bearing was allowed when quadriceps control 
was adequate. A careful rehabilitation was continued for 
1–2 months. The resumption of pivot sports was allowed 
after the 7 month and after validation by clinical results and 
iso-kinetic testing. The Regional Ethics Committee (Uni-
versity of Angers, France) gave its approval for this clinical 
study (Number: 2010/07).

Statistical analysis

Patients were divided into three groups according to 
the diameter of the middle of the graft. An ANOVA test 
was used to compare the diameter of the graft between 
the three groups, (group 1: 8 mm ≤ Ø ≤ 9 mm, group 2: 
9 mm < Ø ≤ 10 mm and group 3: Ø > 10 mm), BMI or 
age of patients with differential laximetry at 134N. Logis-
tic regression was used to compare the risk (odds ratio) of 
excessive laxity between the three groups, group 1 being 
considered as the reference. Multivariate analyses were 
also computed taking age, gender and meniscus status into 
account. Fisher’s exact test was used to investigate the rela-
tionship between gender and the residual laxity. The Pear-
son correlation test was used to investigate the relationship 
between BMI and the diameter of the graft. The Student’s 
t test was used for mean comparisons. All statistical tests 
were computed considering a threshold of 0.05 as statisti-
cally significant. Analyses were conducted using STATA 12.

Results

The average follow-up was 26 months (12–44). The mean 
and SD diameter of the graft was 9.9 ± 1 mm (8–12). 
Fifty-two patients (59.1 %) had isolated ST graft and 36 
patients a ST–G graft (40.9 %). The mean and SD diameter 
of the isolated ST grafts was 10.4 ± 1 and 9.5 ± 0.9 mm 
for ST–G grafts (ns). Using the laximetric results and defi-
nition of side-to-side laxity >3 mm, there was an overall 
15.4 % residual laxity rate for the ST group and 22.2 % 
for the ST–G group (ns) (Table 2). There was no dif-
ference in patient size between the isolated ST group 

Table 1  Patient, graft and laxity’s characteristics

Diameter 8 ≤ Ø ≤ 9 (mm) Diameter 9 < Ø ≤ 10 (mm) Diameter Ø > 10 (mm)

Number of cases 32 28 28

Follow-up (months) 26 ± 9 23 ± 10 28 ± 7

Age at surgery (years) 33 ± 12 28 ± 8 27 ± 7.6

Gender women/men 9/23 3/25 3/25

Height (cm) 171 ± 7.9 176 ± 6.3 178.5 ± 8.4

Weight (kg) 71.7 ± 15.1 78.8 ± 12.1 75.6 ± 9

BMI (kg/m2) 24.3 ± 3.9 25.4 ± 4 23.7 ± 2.1

Partial meniscal resection 8/32 9/28 12/28

Graft length (mm) 55 ± 3.5 57 ± 4.5 58 ± 3.7

Graft diameter (mm) 8.8 ± 0.4 9.9 ± 0.2 11.1 ± 0.5

Graft type

 ST + G/ST 7/25 10/18 19/9

 Δ134 N pre-op (mm) 4.1 ± 2 4.7 ± 1.9 4.7 ± 1.9

 Δ134 N post-op (mm) 1.5 ± 1.3 1.6 ± 1.5 2 ± 1.8

 Number of residual (%) laxity >3 mm 3 (9.4 %) 4 (14.3 %) 9 (32.1 %)
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(176.1 ± 8.6 cm) and the ST–G group (174.1 ± 7.1 cm; 
ns) or in gender difference (10 women and 42 men for the 
ST group and 8 women and 28 men for the ST–G group; 
ns). There was a statistically significant correlation for 
the isolated ST group (p < 0.001) between the diameter 
of the graft and the size of the patient groups but not for 
the ST–G group (ns). The diameter of the graft was sig-
nificantly higher among men (10 ± 1 mm) than in women 
(9.1 ± 1 mm; p = 0.002). The residual laxity rate among 
men was 16.7 and 25 % for women, with no statistically 
significant difference (ns) (Table 3). The residual lax-
ity among the three groups was not statistically different 
according to the meniscus status (present or meniscectomy; 
ns).

There was no significant difference in the preoperative 
differential laxity between the three groups (Table 1). The 
mean postoperative Δ134 was, respectively, 1.5 ± 1.3 mm, 
1.6 ± 1.5 mm and 2 ± 1.8 mm for groups 1, 2 and 3 
(Table 1). There was no significant difference in the num-
ber of residual laxities between the three groups (ns). There 
were 16 patients with “residual laxity” (Δ134 > 3 mm) in 
total (18.2 %); three in group 1, four in group 2 and nine in 
group 3. However, as compared to group 1, OR was 1.46 
(95 % CI 0.3–6) and 3.31 (95 % CI 0.9–12.3) in groups 
2 and 3, respectively. The power analysis for the compari-
son between groups 1 and 2 was 10 %. Adjustment for age, 
gender and meniscus status did not change the estimates 
[OR 1.44 (95 % CI 0.3–6.2) and 3.92 (95 % CI 1–15.4)] 
in groups 2 and 3, respectively. No patient to our knowl-
edge has had a revision. The average diameter of the graft 
in the “residual laxity” group (16 patients) was 10.4 ± 1 

and 9.8 ± 1 mm in the group (72 patients) without residual 
laxity (ns).

Patients younger than 20 (18 cases) had a significantly 
higher average postoperative laximetry (2.4 ± 1.5 mm) 
compared to those aged 20 and over (1.5 ± 1.5 mm) 
(p = 0.03), regardless of the diameter of the graft (Table 4). 
The number of “residual laxity” cases (Δ134 > 3 mm) was 
also higher in the group of younger patients (27.8 %) than 
in patients aged 20 or over (15.7 %), but the difference was 
not significant (ns).

There were 31 overweight patients (BMI ≥ 25 kg/m2) 
(35.2 %), and among this population there were eight 
obese patients (BMI ≥ 30 kg/m2) (9 %). There were seven 
cases of “residual laxity” in patients with a BMI ≥ 25 kg/
m2 (22.6 %) and none in obese patients (Table 5). There 
was statistically no more failure among overweight 
patients (ns) and obese patients (ns) than in the rest of the 
population.

Discussion

The most important finding of the present study was the 
increased risk of residual laxity (OR 3.31) in group 3 
(Ø > 10 mm), as compared to group 1 (8 mm ≤ Ø ≤ 9 mm) 
in ACL reconstruction. There was no difference between 
group 1 as compared to group 2 (9 mm < Ø ≤ 10 mm), 
but the power analysis for the comparison was 10 %. Our 
results were not explained by age, gender difference nor 
meniscus status between groups according to our adjusted 
analyses.

Table 2  Postoperative laximetry and residual laxity rate according to graft type

No. of patients Average graft  
diameter (mm)

p value Δ134 N post- 
op (mm)

p value No. of residual laxity (%) 
(Δ134 N > 3 mm)

p value

ST 52/88 (59.1 %) 10.4 ± 1 ns 1.6 ± 1.6 0.635 8/52 (15.4) ns

ST + G 36/88 (40.9 %) 9.5 ± 0.9 1.7 ± 1.4 8/36 (22.2)

Table 3  Postoperative laximetry and residual laxity rate according to patient gender

No. of patients Average graft  
diameter (mm)

p value Δ134 N post- 
op (mm)

p value No. of residual laxity (%) 
(Δ134 N > 3 mm)

p value

Men 70/88 (79 %) 10 ± 1 0.04 1.5 ± 1.6 ns 12/70 (17.1) ns

Women 18/88 (21 %) 9.1 ± 1 2.1 ± 1.5 4/18 (22.2)

Table 4  Postoperative laximetry and residual laxity rate according to patient age

No. of patients Average graft  
diameter (mm)

p value Δ134 N post- 
op (mm)

p value No. of residual laxity (%) 
(Δ134 N > 3 mm)

p value

Age <20 years 18/88 (22.7 %) 10 ± 1.3 ns 2,4 ± 1.5 5/18 (27.8 %) ns

Age ≥20 years 70/88 (77.3 %) 9.8 ± 1 1.5 ± 1.5 0.03 11/70 (15.7 %)
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Therefore, there does not appear to be a benefit to har-
vesting and adding further tissue to increase the diameter of 
the graft. With this quadrupled-ST technique, the exception 
would be if the ST is not sufficiently long or thick. This 
study also showed that patients below 20 had a higher post-
operative laximetry than patients 20 or over.

We now know preoperatively how to predict the length 
and diameter of the HT tendons with size, sex and weight 
of the patient and more recently using MRI and ultra-
sound [6, 10, 14, 22, 33, 36, 37]. The length of the ST is 
strongly correlated with the height of the patient, while 
its diameter is correlated with the BMI; the correlations 
are weaker for the G [36]. Recent work by Magnussen 
et al. [23, 25] and Mariscalco et al. [23, 25] has shown 
that the diameter of an HT graft should be a minimum 
of 8 mm to obtain sufficient stability The development 
of short grafts allows surgeons to use the ST alone. Typi-
cally, this is a four- or five-strand reconstruction of a 
diameter greater than or equal to 8 mm and an average 
length of 56 ± 4.5 mm. It is also possible using short 
graft techniques to add the G to the ST to achieve a graft 
with a greater diameter, when the ST is short (small 
patient) or of inadequate diameter. Among the patients, 
there is significant variability in the diameter and length 
of the ST and G [22, 33]. Short graft techniques allow a 
better adjustment of the diameter of the graft in accord-
ance with the length and diameter of the HT tendons. The 
reconstructed ACL size is determined by the harvested 
graft size, not by the size of the native ACL; if the graft 
is small, the resulting reconstructed ACL is also small. 
The removal of the ST alone or associated with the G 
(ST–G) does not lead to long-term deficit of knee flex-
ion or loss of muscle strength [19, 21]. Biomechanical 
and animal studies have proven the importance of the 
diameter of the graft for the stability of the reconstruc-
tion at time 0 [9, 11, 15]. After implantation, the graft 
undergoes a process of ligamentization, the effective-
ness of which is more important than the initial diameter 
for the quality of the final result [13]. It seemed logical 
to assume that the larger the diameter of the graft, the 
more it would be resistant to traction, but this assump-
tion is contradicted by the clinical results. In our study, 
there was a significant laximetric difference related to the 
diameter of the graft, above 10 mm, compared to below 
or equal to 10 mm (p = 0.04). This result is consistent 

with recently published literature [3, 4, 16, 23, 25]. We 
defined our measured “residual laxity” threshold by a 
side-to-side laximetry >3 mm (grade B in IKDC objec-
tive score), measured with the GNRB® [28]. We had an 
overall “residual laxity” rate of 18.2 %. Kamien et al. 
[18] have found with different criteria (differential laxi-
metry with the KT1000 > 5 mm or reoperation) a rate of 
15.3 %, similar to that of our study. There was no greater 
rate of “residual laxity” in group 1 (8 ≤ Ø ≤ 9 mm) than 
in group 2 (9 < Ø ≤ 10 mm) (ns). We cannot exclude 
the hypothesis of a lack of power to explain this absence 
of association. Indeed, for an OR of 1.44 the power was 
only 10 %. This lack of relationship if the diameter of the 
graft is between 8 and 10 mm and the measured laxity 
make us aware of the importance of other factors such as 
the anatomical positioning of tunnels, the postoperative 
rehabilitation and compliance and the use of postopera-
tive brace or splint.

Most grafts in groups 1 and 2 were ST only. Iriushis-
chima et al. showed that the ST was sufficient to reproduce 
the size of the native ACL mid-substance cross-sectional 
area [17]. In group 3, there was mostly an association of 
the ST and the gracilis, which was significantly larger than 
the native ACL [17].

Two hypotheses are possible to explain the residual 
laxity in large graft (Ø > 10 mm). First, a graft that is too 
large may create a condition of roof impingement lead-
ing to abrasion and injury to collagen fibres and delayed 
revascularization [13]. Matsubara et al. [26] demon-
strated that intercondylar roof impingement increases 
in anatomical single-bundle reconstruction with the 
diameter of the graft and hyperextension of the knee. 
Second, if the graft is too large, the centre of the graft 
will remain hypocellular and will not be revascularised 
much, if at all, in the weeks following post-implantation 
[1]. The revascularization starts at the graft’s periphery, 
and the origin is thought to be the Hoffa fat pad and the 
synovium [1].

There was greater “residual laxity” measured 
(Δ134 > 3 mm) in patients younger than 20 years (27.8 %) 
than among older patients (15.7 %), and the difference was 
significant (p = 0.03). A revision or differential laxity rate 
greater than 5 mm was found in patients <20 (14.3 %) for 
Magnussen et al. [23]. It is partly explained by a higher 
level of sports practiced (Tegner scale) by these young 

Table 5  Postoperative laximetry and residual laxity rate according to patient weight

No. of patients Average graft 
diameter (mm)

p value Δ134 N post- 
op (mm)

p value No. of residual laxity (%) 
(Δ134 N > 3 mm)

p value

BMI ≥ 25 (kg/m2) 31/88 (35.2 %) 9.8 ± 1.1 ns 1.7 ± 1.5 ns 7/31 (22.5 %) ns

BMI < 25 (kg/m2) 57/88 (74.8 %) 9.9 ± 0.8 1.6 ± 1.5 9/57 (15.8 %)
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patients, regardless of the type of transplant (hamstring ten-
don, patellar tendon or allograft) and the diameter of the 
graft to the hamstring [7, 24, 31, 34]. In these patients at 
risk, postoperative follow-ups probably need to be modi-
fied (delayed weight bearing, articulated splinting as well 
as later and slower rehabilitation) to protect the ligamenti-
zation of the graft in the first few months. We did not find a 
difference in the group <25 years or ≥25 as has been dem-
onstrated by Kamien et al. [18].

The diameter of the graft in women was significantly 
lower than in men in our study (9.1 vs. 10 mm, p = 0.04) 
as has been found in other studies [14, 16], and the rate 
of “residual laxity” (Δ134 > 3 mm) was higher among 
women (22.2 %) than men (17.1 %), but the difference was 
not significant (ns). Two studies have found a higher rate of 
residual laxity among women [27, 39, 40], and two found 
no difference according to gender [18, 20].

Weight did not influence postoperative laximetry. 
Overweight patients (BMI ≥ 25 kg/m2) or obese patients 
(BMI ≥ 30 kg/m2) did not have a higher risk of residual 
laxity of their ACL reconstruction.

The study has several limitations. The mean follow-up 
time of 26 months with that of 12 months for some patients 
may be insufficient. The laximetric measurement after a 
minimum of 1 year is taken as final in the absence of fur-
ther trauma. Anatomical positioning of the graft in the 
femur and tibia, an important failure factor by progressive 
lengthening, was not studied. The activity level evaluated 
by the Tegner scale and the IKDC subjective score were not 
studied. The type of postoperative rehabilitation was not 
evaluated individually, although all patients theoretically 
proceeded under the same protocol.

The strengths of the article are that all patients were 
operated on using the same technique and by the same sen-
ior surgeon. The laximetric revision was performed with a 
precise and reproducible laximeter at the latest follow-up 
[28].

In the patient group <20, postoperative follow-up needs 
to be modified (delayed weight bearing, articulated splint-
ing as well as later and slower rehabilitation) to protect the 
graft in the first months.

Conclusion

The diameter of the graft between 8 and 10 mm does not 
affect the laximetric results of an ACL reconstruction. 
Provided that its diameter is greater than 8 mm, there 
is no need for a large diameter transplant (>10 mm) to 
improve laximetric results. Patients under 20 represent a 
population at risk of ACL reconstruction lengthening. In 
this young population, postoperative recovery needs to be 
slowed.
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