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Abstract
Purpose In anterior cruciate ligament (ACL) reconstruction, there is concern regarding the potential risk of femoral tunnel 
widening in the anteromedial portal (AMP) technique due to the acute graft-bending angle at the aperture and the more 
elliptical aperture shape of the femoral tunnel compared to the transtibial (TT) techniques. Therefore, the aim of the current 
systematic review and meta-analysis was to compare the femoral tunnel widening between the AMP and TT techniques in 
patients who underwent ACL reconstruction.
Methods It should be included the studies that reported on femoral tunnel widening in patients who underwent single-bundle 
ACL reconstruction, using soft-tissue tendon graft, with AMP and/or TT techniques. Two reviewers independently recorded 
data from each study, including the sample size and magnitude of tunnel widening after ACL reconstruction.
Results Twenty-one studies were finally included in this meta-analysis. The pooled changes of absolute millimeters of tunnel 
widening from the immediate postoperative status to the last follow-up did not differ significantly between the AMP and TT 
techniques at both the aperture [3.31 mm, 95% confidence interval (CI) 1.7–5.0. mm versus 2.9 mm, 95% CI 2.4–3.4 mm, 
P = n.s.] and the midportion (3.5 mm, 95% CI 0.8–6.3 mm versus 3.0 mm, 95% CI 2.2–3.9 mm, P = n.s.) of the femoral tun-
nel. No significant difference was observed between the two techniques in the relative percentage of femoral tunnel widening 
(AMP; 28.8%, 95% CI 14.8–42.9% vs. TT; 29.7%, 95% CI 15.6–43.7%, P = n.s.).
Conclusion No significant difference in femoral tunnel widening was observed between the AMP and TT techniques, both 
in absolute millimeter and relative percentage, in patients who underwent single-bundle ACL reconstruction. This finding 
could alleviate the potential concerns associated with femoral tunnels being wider for the AMP than for the TT technique.
Level of evidence III.

Keywords Anterior cruciate ligament reconstruction · Tunnel widening · Anteromedial portal · Transtibial

Introduction

Tunnel widening after anterior cruciate ligament (ACL) 
reconstruction has gained attention due to the potential 
for clinical impairments such as instability due to delayed 
graft–bone healing in the tunnel and the development of 
complicated environments for femoral drilling in revisional 
ACL reconstruction due to lack of adequate bone stock [13, 
32, 39]. The anteromedial portal (AMP) technique was 
developed to overcome the shortcomings of the conven-
tional transtibial (TT) technique, including vertical graft and 
subsequent residual laxity [6, 10, 16]. Nevertheless, some 
concerns about the AMP technique have been raised, such 
as the more elliptical aperture shape of the femoral tunnel 
and acute graft-bending angle at the aperture compared to 
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those in the TT technique [11]. Acute graft bending at the 
elliptical aperture of the femoral tunnel could result in the 
early graft failure caused by increased intra-graft tension and 
abrasion at the bony margin of the femoral tunnel aperture 
[35]. This situation also could affect the tunnel widening, 
because graft abrasion at the aperture could lead to bone 
resorption at the marginal wall of the aperture [36]. In addi-
tion, the elliptical-shaped aperture of the femoral tunnel in 
the AMP technique could develop a graft-tunnel mismatch 
compared with the circular shaped aperture of the femoral 
tunnel in the TT technique [11, 20], so the influx of synovial 
fluid into the gap between the graft and the tunnel might 
occur more readily. These mechanical and biological theo-
ries comprise the two main hypothetical causes for tunnel 
widening following ACL reconstruction. While a number of 
studies have compared the position and length of the femoral 
tunnel, graft-bending angle [7, 31], and clinical outcomes 
between the AMP and TT techniques, there is a lack of stud-
ies comparing tunnel widening between these techniques, 
with conflicting results. It is important to determine the 
technique that causes the wider femoral tunnel, as the AMP 
technique is more frequently utilized than the TT technique 
for femoral drilling.

Therefore, the purpose of the present study was to com-
pare the femoral tunnel widening in patients who underwent 
ACL reconstruction using the AMP and TT techniques. It 
was hypothesized that the AMP technique would result in a 
larger femoral tunnel widening than that of the TT technique 
in patients with ACL reconstruction.

Materials and methods

Literature search

The study design followed the recommendations in the 
Cochrane Review Methods. According to the guidelines of 
the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement, several comprehensive 
literature databases, including the PubMed (MEDLINE), 
EMBASE, and Cochrane Library, were searched for studies 
evaluating tunnel enlargement in patients who underwent 
arthroscopic ACL reconstruction up to March 2018. There 
were no restrictions on language or year of publication. The 
search terms used in the title, abstract, Medical Subjects 
Headings (MeSH), and keywords fields included (ACL OR 
anterior cruciate ligament reconstruction) AND (ACL OR 
tunnel widening) AND (anterior cruciate ligament recon-
struction OR tunnel enlargement). Manual searches were 
also performed for articles potentially missed by the elec-
tronic search.

Study selection

Two reviewers evaluated the titles and abstracts of the 
retrieved papers and selected relevant studies for a full 
review. If the abstract did not provide sufficient data to 
decide, the complete article was reviewed. Studies were 
included in the analysis if (1) they included patients who 
underwent primary arthroscopic single-bundle ACL recon-
struction, using soft-tissue grafts, with AMP or TT femoral 
drilling techniques; (2) they evaluated the femoral tunnel 
widening with validated imaging tools such as plain radiog-
raphy, computed tomography (CT), and magnetic resonance 
imaging (MRI); (3) completed reported parameters, includ-
ing means, standard deviations, and sample numbers. In 
case of comparison of single and double-bundle reconstruc-
tion, the results of single-bundle reconstruction only were 
included. In assessing and organizing the pooled studies, 
country and city of the hospital or institution at which the 
arthroscopic surgeries were performed, the operating sur-
geon’s name in the studies, and the evaluation period were 
checked to exclude duplicate cohorts of patients. If the same 
patient cohort was evaluated in more than one study, the 
latest study with the longest follow-up period was included, 
whereas the others were excluded.

Data extraction

Two investigators independently extracted data from each 
study using a predefined data extraction form. Any disagree-
ments unresolved by discussion were reviewed by a third 
investigator if needed. The main outcome of interest was 
the magnitude of the femoral tunnel widening in AMP and 
TT femoral drilling techniques. Tunnel widening was cal-
culated as the change in femoral tunnel diameter compared 
to measurements by immediate postoperative imaging. If no 
data were available on the immediate postoperative femoral 
tunnel diameter, the drill reamer size was substituted for 
the same. The site of the tunnel widening measurement 
was recorded as the aperture, midportion, or widest por-
tion of the femoral tunnel. The femoral tunnel widening 
was described by the absolute change in millimeters at the 
aperture or midportion compared with that of the immediate 
postoperative status or by the relative change in percentage 
from the immediate postoperative status, which was meas-
ured at the widest portion of the femoral tunnel. The surgi-
cal technique (TT, AMP, and outside-in) and basic patient 
demographic data, including age, sex, and the time interval 
from surgery to the measurement of tunnel widening were 
also recorded for each included study.
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Assessment of methodological quality

The original Coleman methodology score (CMS) [9] uses 
ten criteria to assess the methodology of a given study, 
resulting in total scores between 0 and 100, with a score 
of 100, indicating that the study largely avoided important 
systemic sources of bias and other confounding factors. The 
subsections that compose the CMS are based on the sub-
sections of the Consolidated Standards of Reporting Trials 
(CONSORT) statement for randomized-controlled trials [3] 
but were modified to allow for other study designs [27]. The 
original CMS was developed for the surgical treatment of 
tendinopathy, but modified versions of the CMS have been 
used in other reviews. In this meta-analysis, the modified 
CMS was used to assess the methodological quality of the 
included studies. Criteria included in part A of the modi-
fied CMS consisted of (1) study size, (2) mean duration of 
follow-up, (3) number of treatment procedures, (4) type of 
study, (5) diagnostic certainty, and (6) description of the sur-
gical procedure. Criteria included in part B of the modified 
CMS consisted of (1) outcomes, (2) procedure for assess-
ing outcomes, and (3) subject selection process. Maximum 
scores on Parts A and B were 50 and 40 points, respectively, 
with a maximum total score of 90 points. The quality of each 
included study was evaluated by two independent investiga-
tors using the modified CMS.

Statistical analysis

The main outcomes of the meta-analysis were the mean dif-
ferences in tunnel widening after single-bundle ACL recon-
struction between AMP and TT femoral drilling techniques. 
Random-effects meta-analyses were performed to pool the 
outcomes of tunnel widening across the included studies 
by estimating mean differences and their 95% confidence 
intervals (CIs) as absolute change in width, in millimeters, at 
the aperture or midportion relative to the width immediately 
after surgery, or as relative change, in percentage, from the 
with immediately after surgery, measured at the widest por-
tion of the femoral tunnel. Interrater reliability in assessing 
methodological quality was evaluated by kappa (к), with 
values of ≤ 0.40, 0.41–0.60, 0.61–0.80, and 0.81–1.00 indi-
cating no, moderate, substantial, and almost perfect agree-
ment, respectively. Heterogeneity was determined by esti-
mating the proportion of between-study inconsistencies due 
to actual differences between studies, rather than differences 
due to random error or chance, using the I2 statistics, with 
values of 25%, 50%, and 75% considered low, moderate, 
and high heterogeneity, respectively. Sensitivity analyses 
were performed on studies that utilized X-ray imaging to 
measure tunnel widening, while excluding studies without 
immediate postoperative data. A meta-regression analysis 
was performed to assess the effect of the follow-up period 

on absolute change (in millimeters) of tunnel widening at 
the aperture and midportion and the relative percentage 
widening at the widest portion. Analyses were performed 
using R statistical software version 3.4.0 (metafor package: 
a Meta-Analysis Package for R; R Foundation for Statisti-
cal Computing, Vienna, Austria) and RevMan version 5.2 
(Copenhagen, the Nordic Cochrane Centre, The Cochrane 
Collaboration, 2012). A P value < 0.05 was considered 
significant.

Results

Study identification, study characteristics, 
and methodological quality

Figure 1 shows the details of the study identification, inclu-
sion, and exclusion. The 21 included studies evaluated 
1783 patients with ACL tears, with 1224 and 464 undergo-
ing ACL reconstruction using the TT and AMP techniques, 
respectively. Of these 21 studies, eight reported the absolute 
widening in millimeters of the femoral tunnel at both the 
aperture and midportion. Another eight studies reported the 
absolute widening in millimeters only at the aperture. The 
remaining five studies reported the relative percentages of 
femoral tunnel widening. The sample size, imaging tool, 
graft choice, femoral drilling technique, follow-up periods, 
and MCMS are summarized in Table 1. The total mean (SD) 
MCMS of the included studies was 75 (5.9) (range 64–88) 
of 100, indicating good quality. Of the 21 studies, 16 had a 
mean CMS > 70 (good or excellent quality) and no studies 
had a mean score < 55 (poor quality). Interrater reliabilities 
(к values) for all items of CMS ranged from 0.72 to 0.87, 
indicating at least more than substantial agreement between 
two investigators.

Absolute tunnel widening at the aperture 
and midportion

The 16 studies that reported the femoral tunnel widening 
as absolute millimeters included 224 and 181 patients who 
underwent single-bundle ACL reconstructions by AMP 
and TT, respectively. The pooled changes in femoral tunnel 
widening from immediate postoperative status to the last 
follow-up at the aperture were 3.3 mm (95% CI 1.7–5.0 mm) 
and 2.9 mm (95% CI 2.4–3.4 mm) for the AMP and TT 
techniques, respectively, a difference that was not statisti-
cally significant (n.s., Fig. 2). The pooled changes in tunnel 
widening at the midportion in these two group were 3.5 mm 
(95% CI 0.8–6.3 mm) and 3.0 mm (95% CI 2.2–3.9 mm), 
a difference that was also not statistically significant (n.s., 
Fig. 3).
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Relative percentages of tunnel widening

Five included studies evaluated the femoral tunnel widening 
as the relative percentage of change in femoral tunnel widen-
ing at the widest portion in the last follow-up compared to 
the immediate postoperative status, with measurements of 
the widest portion of the femoral tunnel. The pooled rela-
tive percentage in the change in femoral tunnel widening 
was 28.8% (95% CI 14.8–42.9%) for the AMP technique 
and 29.7% (95% CI 15.6–43.7%) for the TT technique, 
respectively, a difference that was not statistically signifi-
cant (P = n.s., Fig. 4).

Sensitivity and meta‑regression analyses

In assessing femoral tunnel widening at both the aperture 
and midportion, sensitivity analysis showed that the imaging 
modality used to measure tunnel widening and the assump-
tion of drill reamer size immediately after surgery did not 
significantly influence the results of the original analysis, 
which showed no difference in femoral tunnel widening fol-
lowing the use of the two techniques (Table 2). The results 
of the meta-regression analyses are shown in Table 3. The 
follow-up period did not affect the mean absolute value in 
millimeters of tunnel widening from the immediate postop-
erative status up to the last follow-up at both the aperture and 
the midportion. Furthermore, the mean relative percentage 

Fig. 1  Preferred Reporting 
Items for Systematic reviews 
and Meta-analyses (PRISMA) 
flow diagram of the identifica-
tion and selection of the studies 
included in the meta-analysis
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of tunnel widening was also not influenced by the follow-up 
period.

Discussion

The most important findings of the current study indicated 
that the femoral tunnel widening after single-bundle ACL 
reconstruction was similar between the AMP and TT tech-
niques, in terms of both absolute millimeters at both aperture 
and midportion and the relative percentages of the widest 
portions. This finding was contrary to our hypothesis that 
the AMP technique would result in a greater femoral tun-
nel widening after single-bundle ACL reconstruction than 
that of the TT technique. These results alleviate potential 
concerns that the AMP technique might cause greater tunnel 
widening than the TT technique.

There are several possible explanations. Despite not being 
explanatory in cases using cross-pin fixation, shorter tunnels 
could decrease the distance of the cortical fixation device 
from the joint space, thus reducing the windshield-wiper 
and bungee effects [33]. Another possible reason could be 
due to the fact that the AMP technique could result in a more 
acute graft-bending angle than that of the TT technique. A 
recent three-dimensional CT study [37] comparing the graft-
bending angles in single-bundle ACL reconstruction using 
three different techniques showed results that were contrary 
to the popular belief. In that study, the graft-bending angles 
of single-bundle ACL reconstruction using the AMP tech-
nique were more acute in the coronal plane but less acute in 
the sagittal and axial planes than those of the TT technique. 
The relatively less acute graft-bending angle in the sagittal 
and axial planes than our previous assumption may reduce 
the graft-bending stress and abrasion at the femoral tunnel 
aperture, resulting in the similar tunnel widening between 
the AMP and TT techniques in our study. Another study 
comparing graft-bending angle according to ACL recon-
struction technique found that the anatomic ACL reconstruc-
tion technique resulted in a steeper graft-bending angle than 
the TT technique, with a steeper angle thought to induce 
higher stress on the graft–bone interface [41]. Differences in 
frictional forces when performing the femoral drilling also 
could explain our results. During femoral tunnel placement 
with the TT technique, the guide pin and drill more often 
need to be torqued and drilling is not concentric, because the 
femoral tunnel placement is forced by the tibial tunnel [7], 
the increased torque in the TT technique is more likely to 
cause heat necrosis than that in the AMP technique. Thus, 
greater thermal bone resorption in the TT technique could 
offset the tunnel widening effect of the AMP technique due 
to the acute graft-bending angle and more elliptical-shaped 
femoral tunnel aperture.
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Fig. 2  Forest plot showing the 
absolute millimeters of femoral 
tunnel widening at the aperture 
in single-bundle ACL recon-
struction using the anteromedial 
portal (AMP) and transtibial 
(TT) techniques. The pooled 
changes in tunnel widening at 
the midportion were 3.3 mm 
(95% CI 1.7–5.0 mm) in the 
AMP technique and 2.9 mm 
(95% CI 2.4–3.4 mm) in the 
TT technique, a difference that 
was not statistically significant 
(P = n.s.)

Fig. 3  Forest plot showing the absolute millimeters of femoral tun-
nel widening at midportion in single-bundle ACL reconstruction 
using the anteromedial portal (AMP) and transtibial (TT) techniques. 
Although the pooled femoral tunnel widening was 3.5  mm (95% 

CI, 0.8–6.3  mm) in the AMP technique and 3.0  mm (95% CI 2.2–
3.9 mm) in the TT technique, the difference was not statistically sig-
nificant (P = n.s.)

Fig. 4  Forest plot showing the relative percentages of femoral tunnel 
widening at the widest portion in single-bundle ACL reconstruction 
using the anteromedial portal (AMP) and transtibial (TT) techniques. 
The pooled relative percentages in changes in femoral tunnel wid-

ening were 28.8% (95% CI 14.8–42.9%) in the AMP technique and 
29.7% (95% CI 15.6–43.7%) in the TT technique, with no statistically 
significant difference (P = n.s.)
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Recent review articles have compared clinical outcomes 
after ACL reconstruction using the AMP and TT techniques 
[22, 29]. However, those articles compared the clinical 
outcomes based on scoring system, knee laxity tests, and 
physical examination, whereas the present study focused on 
femoral tunnel widening using the AMP and TT techniques. 
Our findings may provide important baseline data on tun-
nel widening for further studies assessing any possible cor-
relation between femoral tunnel widening and subsequent 
residual laxity after ACL reconstruction.

The present study had some limitations. First, the meth-
ods of evaluating tunnel widening differed in each enrolled 
trial. We, therefore, performed a subgroup analysis accord-
ing to tunnel location (aperture or midportion) and units 
(mm or %) of measuring tunnel widening, respectively. Sec-
ond, some of the included studies assumed the drill reamer 
diameter as the immediate time zero postoperative meas-
urement of the femoral tunnel size as the baseline value for 
analyzing the change in tunnel widening at last follow-up 
without performing immediate postoperative imaging. This 

assumption might lead to an error in the immediate postop-
erative femoral tunnel size. However, a recent study reported 
high reliability between the drill reamer diameter and femo-
ral tunnel size in CT performed immediately postoperatively 
[14, 43]. In addition, a sensitivity analysis, which excluded 
studies that did not measure immediate postoperative femo-
ral tunnel size, demonstrated that our assumption, that the 
diameter of the drill reamer was equal to the immediate post-
operative femoral tunnel size, did not substantially influence 
the findings of the original analysis, which found no differ-
ence in absolute tunnel widening between the AMP and TT 
techniques. Third, studies differed in the imaging tool used 
to measure tunnel widening (e.g., plain radiography, CT, or 
MRI). However, measurements of tunnel widening by the 
conventional radiography showed good correlations with 
measurements on CT or MR imaging [15, 38, 44]. Moreover, 
our sensitivity subgroup analysis, which included only those 
studies using plain radiographs to measure tunnel widening, 
showed no significant differences in absolute tunnel widen-
ing between the AMP and TT techniques, similar to results 

Table 2  Weighted mean differences of outcomes following subgroup analysis comparing the anteromedial portal and transtibial techniques

ES effect size, TW tunnel widening, AMP anteromedial portal, TT transtibial

Outcome or subgroup Number of 
studies

Participants ES (95% CI) I2 (%) P value
Mean value (mm)

Absolute TW (aperture)
 All AMP 8 356 3.3 (1.7–5.0) 99 n.s

TT 8 645 2.9 (2.4–3.4) 96
Subgroup analysis
 Measured by X-ray AMP 2 122 4.5 (0.6–10.3) 99 n.s

TT 6 564 3.3 (2.8–3.4) 87
 Only including studies with immediate 

postoperative tunnel widening data
AMP 6 279 3.2 (1.0-5.4) 99 n.s
TT 2 158 3.2 (2.5–3.8) 87

Absolute TW (midportion)
 All AMP 4 210 3.5 (0.8–6.3) 99 n.s

TT 4 194 3.0 (2.2–3.9) 94
 Measured by X-ray AMP 2 122 4.9 (0.8–9.0) 99 n.s

TT 2 113 3.1 (2.6–3.6) 57
 Only including studies with immediate 

postoperative tunnel widening data
AMP 4 210 3.5 (0.8–6.3) 99 n.s
TT 4 113 3.3 (2.4–4.3) 90

Table 3  Effect of follow-up 
period on absolute millimeter 
of tunnel widening (TW) in the 
aperture and midportion and 
the relative percentage of the 
widest portion: results of meta-
regression analyses

Independent variable Follow-up period

Dependent variable TW difference in aperture 
(mm)

TW difference in midpor-
tion (mm)

TW difference 
in widest portion 
(%)

Coefficient 0.006 0.015 − 1.316
Standard error 0.022 0.042 1.191
P value n.s n.s n.s
95% CI − 0.036 to 0.049 − 0.068 to 0.097 − 3.649 to 1.017



634 Knee Surgery, Sports Traumatology, Arthroscopy (2019) 27:626–635

1 3

from all included studies. Fourth, tunnel widening was not 
evaluated based on anatomic and non-anatomic tunnel posi-
tions. This factor has been shown to affect tunnel widening 
after ACL reconstruction [28]. Finally, we could not entirely 
exclude other factors that may influence the tunnel widening, 
such as graft type, femoral fixation device, and measurement 
time point, which could explain the high heterogeneity in 
the results of the present study. However, this study only 
included single-bundle ACL reconstruction using soft-tissue 
tendon grafts to minimize this heterogeneity. In addition, the 
results of the meta-regression analysis in our study showed 
that the time point of tunnel widening measurement did not 
affect the mean change in femoral tunnel widening after 
ACL reconstruction, irrespective of the measurement loca-
tion (aperture or midportion) and quantification parameter 
(absolute millimeters or relative percentages). Despite these 
limitations, the results of the present study could alleviate 
the potential concerns associated with femoral tunnels being 
wider for the AMP than for the TT technique.

Conclusion

Femoral tunnel widening by absolute millimeter and relative 
percentage did not differ significantly between the AMP and 
TT techniques in patients with single-bundle ACL recon-
struction. This finding could alleviate the concerns associ-
ated with greater tunnel widening following AMP femoral 
drilling than the TT techniques.
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