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Abstract

Purpose Increasing demands on skills with mounting pressures from expectations from arthroscopic anterior cruciate liga-
ment (ACL) reconstructions requires precise knowledge of technical details by surgeons. One such element is the minimum
length of graft in femoral tunnel to allow for adequate tendon-to-bone healing and early return to activities and sports. This
has, however, remained an unanswered question.

Purpose To study and compare clinico-radiological outcomes of ACL reconstructions in patients with <20 mm of intra-
femoral tunnel graft length with those measuring > 20 mm.

Methods All eligible patients undergoing arthroscopic ACL reconstruction were sequentially divided into two groups
based on the intra-femoral tunnel graft lengths (A: <20 mm, n=27; and B: >20 mm, n=25). Exclusions were made for
those > 45 years of age, with chondral and/or multi-ligamentous injuries and with systemic pathologies. All patients were
postoperatively evaluated in clinics by physical examination and functional scoring (Lysholm and modified Cincinnati scores)
at 3, 6 and 12-month intervals. Graft vascularity was assessed by signal-to-noise quotient ratio (SNQR) using magnetic
resonance imaging (MRI) at 3 and 12 months.

Results No significant differences were noted in mean Lysholm and modified Cincinnati scores between the two groups at
the end of 1 year. There were also no significant differences in graft maturation over time and SNQR at 3 and 12 months in
the region of interest (ROI).

Conclusions Intra-femoral tunnel graft length of less than 20 mm does not compromise early clinical and functional outcomes
of ACL reconstructions.
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tunnel placement [4-8]. An undesired consequence of this,
however, is a shorter length of the femoral tunnel. This leads
to a shorter intra-femoral tunnel graft (IFTG) length than
that would be achieved with an oblique, longer tunnel. A
short IFTG can also emerge as a problem when thin grafts
need quadrupling to provide larger diameters at the cost of
pruning intra-tunnel graft lengths. This can raise concerns
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with graft-to-bone healing and graft stiffness [9, 10]. A lit-
erature search on this important aspect of tunnel lengths and
its impact on healing and ligamentisation yielded very few
results [9-13].

The optimal IFTG length has been postulated by some
to be between 14 and 35 mm [14]. Others have found IFTG
lengths <20 mm to be associated with increased postop-
erative laxity, in the form of positive Lachman tests 2 years
postoperatively (p=0.025) [15]. Radiologically, laxity,
healing and graft incorporation have been assessed with
magnetic resonance imaging (MRI) [16]. Despite the above
findings, there is clearly, a lack of consensus on the ideal
IFTG length at present. Also, the minimum IFTG length
to prevent postoperative laxity and failure remains an open
debate. While two animal studies have looked at addressing
this important lacuna, only one prospective human study,
thus far, has attempted to assess the impact of a short graft
inside the femoral tunnel [9, 10, 12, 13].

This study attempted to cater to this gap in knowledge
about the optimum length of graft within the femoral tunnel
and to address doubts regarding a minimum “safe length”
of the same. A single-surgeon, single-technique, prospective
study was designed comparing the functional and radiologi-
cal outcomes of ACLR at 3, 6 and 12 months postoperatively
among patients with IFTG lengths <20 mm and >20 mm.
Radiological assessment of healing and ligamentisation were
assessed by comparing preoperative MRI with postoperative
scans done at 3 and 12 months. It was hypothesised that
there would be similar outcomes in both groups of patients.

Materials and methods

Rationale, settings and ethical clearances Using a PICO
(Patient, Intervention, Comparison and Outcome) strategy,
the research question was formulated and literature review
performed across various databases (Medline, PubMed,
EMBASE and CINAHL) [11]. A hospital-based, prospec-
tive cohort study was conducted between November 2016
to November 2017 after obtaining necessary Ethical Com-
mittee clearance (vide clearance letter no. EC/09/15/896).
Informed consents were duly obtained from all eligible
candidates. A 22-point Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) checklist
was employed to construct the research and for manuscript
preparation.

Patient selection and evaluation Fifty-two consecutive
patients requiring ACL reconstruction were prospectively
enrolled during the study period. Exclusions were made for
those > 45 years of age, with chondral and/or multi-liga-
mentous injuries and with systemic pathologies. Pre- and
postoperative (3, 6 and 12 months) clinical evaluation of
the knee employed the standard Lachman, anterior drawer,
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pivot and McMurray tests, while functional assessment was
performed using the Lysholm knee scoring system [17] and
the modified Cincinnati knee rating systems [18].

Patients underwent pre- and postoperative (3 and
12 months) MRI scans (Siemens Verio 3 T MRI) with 3 mm
slices (0.5 mm gap between each) in sagittal and coronal
planes using proton density fast spin-echo (PDFSE) and
turbo inversion recovery magnetization (TIRM). Graft incor-
poration and healing in terms of load-to-failure, stiffness,
and tensile strength were assessed on MRI by measuring
the signal-to-noise quotient ratio (SNQR =signal from ROI
in graft/ signal from background) [16]. Regions of inter-
est (ROI) included femoral insertion, mid-substance, tibial
insertion, tibial tunnel, PCL and background signal.

Surgical routine, follow-up and evaluation A single sen-
ior surgeon at a multispecialty tertiary care teaching centre
performed all procedures using principles of anatomical sin-
gle bundle ACL reconstruction. Under tourniquet control,
ipsilateral semitendinosus and gracilis (STG) grafts were
harvested, Bunnel-stitched, tensioned and doubled. Tun-
nel measurements were made and femoral tunnels drilled
through the anteromedial portal (AMP). Graft length was
calculated using the equation; intra-femoral tunnel graft
length (IFTG) =length of femoral tunnel drilled—size of
closed loop used. Femoral fixation was performed using
continuous closed loop fixation device with minimum size
of 15 mm. Thus, in patients with femoral tunnels meas-
uring < 35 mm, the consequent IFTG was <20 mm. This
group of patients was classified as Group A and those with
IFTGs > 20 were labelled as Group B. Tibial fixation was
performed using bioabsorbable interference screws with the
knee in 30° flexion. Routine closure was performed and knee
brace for 2 weeks allowed controlled movement. All patients
were clinically reviewed at 3 months, 6 months and 1 year
and MRIs were performed.

Groups A (length <20 mm) and B (Iength >20 mm) con-
sisted of 27 and 25 patients, respectively. Subjective assess-
ment of all the patients was made at decided interval and
functional scores were calculated. At the end of one year
Lysholm scores, modified Cincinnati scores and SNQRs of
both groups were compared.

Rehabilitation protocol A 3-phase approach was adopted.
The first phase involved protecting the graft with a knee
brace for 6 weeks with partial weight-bearing mobilisation
with crutches for 3 weeks. Constant supervision of a dedi-
cated physiotherapy team was provided. Gentle progression
to full ROM was carried out from week 2 onwards with
a focus on stretching and strengthening exercises. Phase 2
focussed on restoring full muscle strength with progression
to full weight-bearing without a brace. While protecting
the graft, full ROM and quadriceps, hamstrings and hip
strengthening exercises were advocated. Emphasis was also
laid on stability and balance training. The final phase lasted
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several months and focussed on the restoration of unimpeded
ROM, muscle strength and agility for return to full activity
and sports.

Statistical analysis The sample size was determined
by using the Lysholm score to compare the effectiveness
between the two groups. Assuming significance at a 10-point
difference, a minimum of 25 patients/group were required
to detect statistical significance. This was based on an effect
size of 1.0 at alpha 0.05, power of 90% and assuming a drop-
out rate of 20%. The formula for the calculated sample size
is given below

n=(c>+02%) - [Z1-a/2+Z1- p|’/
M1 = M2)* = (17 + 17) - [1.96 + 1.282)*/ (1 = 1) = 21.02
Z,. critical value of normal distribution at o/2,

Zj: critical value of normal distribution at .

ol and 02: standard deviations of the two groups.

M1 and M?2: means of the two groups.

Statistical Package for Social Sciences (SPSS) version
20.0 (IBM SPSS Armonk, NY: IBM Corp) was employed
and data were checked for normality. Normally distributed
continuous variables were compared using the unpaired t
test, whereas the Mann—Whitney U test was used for those
variables that were not normally distributed. Categorical
variables were analysed using either the chi-square test or
Fisher’s exact test. For all statistical tests, a p value <0.05
was taken to indicate a statistically significant difference.

Results

Group A with IFTG lengths <20 mm had 27 patients while
group B with IFTG lengths >20 mm had 25 patients (Fig. 1).
Both the groups were followed up for 1 year and one patient
in each group was lost to follow-up (after 6 months). Both
groups were comparable w.r.t. demographic characters
(Table 1). Patients with greater IFTG lengths (group B) had
higher mean body weights (p =0.014). Around half of the
patients in both groups had sporting activities responsible
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Fig. 1 Numbers of patients in both groups with varying graft lengths

Table 1 Demographic parameters of both groups

Feature Group A GroupB P SD

Age (mean —yrs) 25.70 28.04 032 A=7.99,B=8.67

Gender (M:F) 20:7 24:1 0.05

Height (mean— 167.50 170.00 0.13 A=0.25,B=0.19
cm)

Weight (mean— 75.18 81.80 0.014 A=7.99,B=10.63
kg)

for the mechanism of injuries. The remainder had either a
road traffic accident as a cause of injury or other miscellane-
ous events. The incidence of meniscal injury was similar in
both groups [16 patients (59.3%) in group A and 12 patients
(48%) in group B] (Table 2).

Shorter IFTG lengths in group A patients corresponded
with significantly shorter mean femoral tunnel lengths
(»<0.0001). Total graft lengths, femoral and tibial tunnel
diameters were, however, not significantly different between
both groups. Similar mean femoral tunnel diameters of
7.35 mm in group A and 7.64 mm in group B (p =0.23)
and mean tibial tunnel diameters (7.94 mm in group A and
8.06 mm in group B, p=0.60) implied that graft lengths
were not compromised in any group to enhance graft diam-
eter (Table 3). At 3 months, two patients (7.4%) in group
A and one patient (4%) in group B had grade 1 Lachman,
which increased at 12 months to four patients (14.8%) in
group A and three patients (12%) in group B, though pivot
test was negative in all patients at all times postoperatively.
This could suggest mild graft relaxation with time (Fig. 2).

Lysholm scores were comparable in both groups at all
times (p=0.06, 0.49 and 0.32 at 3 m, 6 m and 12 m, respec-
tively) and at the end of 1 year both groups had excellent
function (Fig. 2). Similar trends were reflected in modified
Cincinnati scores between both groups at 3, 6 and 12 months
(P3=0.631, P6=0.162, P12=0.867) (Fig. 3). Functional
assessment of ROM at 1 year showed very good outcomes
in both groups with ROM > 130° in all except two patients in

Table 2 Details of injuries

Feature Group A Group B P

Mode of injury (%)

Road traffic accidents 333 28 0.54

Sports (soccer/ cricket/ bad- 51.9 48 0.67
minton/ basketball, dancing)

Others 14.8 24 0.15

Meniscal injury 16 (59.3%) 12 (48%) 0.16

Repaired? Yes 3 (18.6%) 2 (16.7%) 0.85

Meniscectomy 13 (81.4%) 10 (83.3%)
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Table 3 Graft and tunnel
parameters

Feature Group A GroupB P SD

Intra-femoral tunnel graft lengths (mean—mm)  17.00 21.92 <0.0001 A=2.25,B=1.50
Femoral tunnel lengths (mean—mm) 33.67 39.76 <0.0001 A=3.17,B=3.02
Total graft lengths (mean—mm) 94.44 95.64 0.48 A=5.83,B=6.30
Femoral tunnel diameter (mean—mm) 7.35 7.64 0.22 A=0.89,B=0.80
Tibial tunnel diameter (mean—mm) 7.94 8.06 0.60 A=0.75,B=0.81
Mean tibial screw diameter (mm) 9.70 9.72 0.94 A=0.67,B=0.84

Mean Lysholm scores at 3m, 6m and 12m
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Fig.3 Mean modified Cincinnati scores at 3, 6, and 12 months
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each group. These four patients had values ranging between
125 and 130°. None of the patients had an ROM of < 125°.

MRI at 3 months and 1 year revealed that all femoral
and tibial tunnels were placed in anatomically acceptable
positions. There was no evidence of cyclops lesions, graft
impingement and cystic or mucoid degeneration (Fig. 4).
In all the 102 scans performed, grafts were found to be
intact with no discontinuities. Both groups were compara-
ble in terms of the SNQR at all the ROIs (Table 4) at 3 and
12-months postoperatively. Specifically analysing the femo-
ral tunnel signal in both groups, the mean SNQR at 3 months
in group A was 1.41 and at 12 months was 1.31 (p=0.68).
These respective values for group B were 1.12 and 0.97
(p=0.61) (Fig. 5) showing a fall (not statistically signifi-
cant though) in signal in both groups from 3 to 12 months.
This could possibly indicate withdrawal of vascularity and
the onset of graft maturation at the femoral tunnels (Figs. 6
and 7).

Discussion
This study addresses the specific scepticism of small
intra-femoral tunnel graft lengths and whether not cross-

ing the number 20 mm would result in early failure of sur-
gery. Important findings suggest comparable survivorship,

12 MONTHS §

Fig.4 Sagittal section of ACL graft showing maturation of graft at 12 months as compared to 3 months
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Table 4 Mean SNQR at ROIs in
both groups at 3 m, 12 m

Region of Interest

Mean SNQR at 3 months

Mean SNQR at 12 months

Gp-A Gp-B P 95% CI, SD Gp-A Gp-B P 95% CI,
SD

Femoral insertion  1.41 1.12 0.29 —-0.28100.92 1.31 0.97 0.11 —0.08to00.75
A: 1.27,B: 0.80 A:0.92, B: 0.46

Mid-Substance .19 097 036 -02510068 161 139 051 —044t00.87
A:0.83,B:0.85 A:1.44,B:0.74

Tibial Insertion 0.97 0.76 024 —0.141t00.57 1.20 1.45 0.37 —0.82t00.31
A:0.69, B: 0.57 A:1.03,B: 0.96

Tibial Tunnel 1.03 0.97 0.83 —0.53t00.65 1.06 1.09 0.87 —-0.51t00.44
A:1.07,B:1.03 A:0.81,B: 0.86

PCL 029 034 03] -017t0053 030 028 068 —0.08t00.12
A:0.14,B: 0.24 A:0.18,B: 0.18
16 retrospectively reviewed the data. They used both ST4 and
14 STG grafts performed by three different surgeons using both
1'1 transtibial and transportal techniques. Assessing them only
03 on clinical data retrospectively, they inferred no difference
06 in outcome after 2 years between patients with IFTG lengths

W 3MONTH .

0.4 E— of greater than or less than 25 mm. Another retrospective

GROUP A GROUP B

Fig.5 Mean SNQR at femoral insertions at 3 and 12 months

function and outcomes of ACLRs done in patients irrespec-
tive of graft lengths. This asserts that as long as sound sur-
gical principles and uniform techniques are followed, out-
comes are not affected by IFTG lengths.

Thus far, only two human studies have tried looking at
this peculiar, yet frequently encountered situation. They have
tried defining the appropriate graft length in the femoral
tunnel. The Multi-centre Orthopaedic Outcome Network
(MOON) cohort study [14] was the first human study that

L)
4

3 MONTHS f

study by Guglielmetti et al. [15] compared clinical outcomes
of different hamstring graft lengths (<1.5 vs> 1.5 cm;<2
vs>2cm;<2.5vs>2.5cm; and<1.5 vs>2.5 cm.) in the
femoral tunnel and reported no difference in clinical out-
comes at 24 months. A potential confounding factor in the
study was the employment of two different femoral drilling
techniques (transtibial and transportal). This could have led
to different anatomical dimensions with each approach and,
thereby, different intra-tunnel lengths and outcomes of the
hamstring grafts.

There have been a few animal studies evaluating this
interesting conflict. Zantop et al. [9] in a goat model showed
no difference in stiffness, ultimate failure load and kinemat-
ics between femoral graft lengths of 15 and 25 mm. Yuan
et al. [13] in beagles looked at various graft lengths within

12 MONTHS

Fig.6 MRI showing decreased signal intensity (SNQR) at 12 months in femoral tunnel as compared to 3 months
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Fig.7 Sagittal section of MRI comparing signal intensity at femoral insertion between 3 and 12 months

femoral tunnels varying from 5 to 25 mm. They showed that
maximum tensile strength and stiffness increase with time
irrespective of graft length for specimens with graft length
inside the bone tunnel of 17 mm or more. In this aspect, the
findings of the present study are in agreement with those of
Yuan et al. [13] as clinical and radiological outcomes were
similar in patients with IFTG lengths of >20 mm and of
15-20 mm. The hypothesis of the present study, therefore,
proved true as the outcomes between both groups were com-
parable at different time frames.

Ours was a prospective study looking at the femoral tun-
nel length issue more precisely by keeping variables as mini-
mum as possible to minimise bias. The surgeon, surgical
technique including the choice of graft, graft harvest, tunnel
drilling, graft fixation, rehabilitation and follow-up protocols
were similar for all patients. Additionally, clinical results
were recorded at similar intervals and examination findings
were radiologically validated with MRI at 3 and 12 months.
Outcomes in both groups of patients were similar at the fol-
low-up periods leading up to and including the 1-year mark.
This corroborated well with the assessment of laxity using
the Lachman and pivot tests, and the Lysholm and modified
Cincinnati scores. Also, MRI evaluation at 12 months in
both groups showed signal quality synonymous with good
graft survival without complications like ruptures, infec-
tions or cyclops lesions. SNQRs between the two groups
at the femoral and tibial insertions and mid-substance were
comparable at 3 and 12 months (Table 4). These indicate
similar developments in graft vascularity, cellular prolifera-
tion and graft maturation between groups A (<20 mm) and
B (=20 mm) [19-22].

Pertaining specifically to the femoral tunnel, the mean
SNQRs at the femoral insertion dipped by 8-14% from
the 3™ month to the 1-year mark in in both groups. This
regression of vascularity, cellular proliferation and finally
decreased signal intensity signifying the onset of maturation.
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This finding echoes the observation of Murakami et al.
[23] who concluded that decreasing MR signal intensity
over time was useful in evaluating graft maturation. These
observations have been seconded by a Chinese study by Li
et al. [24] who compared MRI findings of ACL reconstruc-
tion with allografts and autografts and concluded that the
latter had superior maturity 2 years postoperatively based
on lower SNQRs in different ROIs. Thus, high graft signal
intensity (high SNQR) is an established indicator of inferior
graft maturity. In both groups, in the present study, the mean
12-month values of the SNQRs were lower than the 3-month
ones. Although these did not reach statistical significance, a
longer follow-up of 2 years or more, similar to the findings
of Li et al., could have illustrated statistical significance by
a further drop in the respective SNQRs [24].

The tibial insertion at 12 months in both groups dem-
onstrated increased SNQRs which would suggest persistent
vascular and proliferative changes at this time. Kulczycka
et al. [19] and White et al. [25] in their studies discussed that
the maturation phase of a graft can range from 1 to 3 years.
It is perhaps in this phase that the grafts had been subject
to the 12-month MRI in our patients. Notwithstanding this,
functional results between both groups were excellent and
comparable at 1-year follow-ups and thus group A patients
(IFTG lengths <20 mm) were found to be enjoying similar
satisfactory outcomes as group B (IFTG lengths >20 mm).
This is in agreement with the findings of Li et al., Saupe
et al. and Biercevicz et al. [26-28]. They concluded that
MRI-based graft maturity may not accurately predict clinical
and functional outcomes in 1-year follow-ups and that the
functional result and return to sporting activities may still be
good even when MRI variables does not show full maturity
at 1 year post-ligament reconstruction.

The above-noted disparity in graft maturation at the femo-
ral and tibial ends can be possibly explained by the differ-
ence in nature of graft fixation. Suspensory fixation of the
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femoral grafts allows 360° contact with host bone leading
to enhanced Sharpey’s fibre formation when compared to
the interference screw fixation on the tibial side. The graft
in the latter only receives limited contact with the host tibial
tunnel. This phenomenon has been observed by Colombet
et al. and Smith et al. [29, 30] who concluded that suspen-
sory fixation provides more favourable conditions for graft
incorporation and maturation vis-a-vis interference screws.
The MRI signal intensity was consequently superior with
the former technique.

The limitations of the present study would include small
sample size and a short follow-up period. Graft maturation,
signified by a fall in the SNQRs on MRI, is a continuous
process that may still be occurring at 12 months postopera-
tively. A longer follow-up could have, perhaps, allowed for
a stronger statistical correlation between the falling SNQRs
and graft maturity.

Based on the findings of this study, the authors believe
that graft lengths between 13 and 25 mm have similar func-
tional and radiological outcomes up to 1-year after surgery.
Further work in this regard would be required with larger
participants so that outcomes with even smaller graft lengths
can be effectively compared and translated into clinical
practice.

Conclusion

The findings of this study illustrate that satisfactory out-
comes are expected with ACLR irrespective of intra-fem-
oral tunnel graft length of the hamstring graft. The clinical
findings have been validated with radiological data. Longer
follow-ups will help ascertain complete ligamentisation and
further consolidate the basis established by this study.
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