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A meta-analysis on anterior cruciate ligament
reconstruction: Is modified transtibial technique
inferior to independent drilling techniques?
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Abstract. This report respectively compared the standard
transtibial (sTT) technique to the independent drilling (ID)
techniques applied to anterior cruciate ligament (ACL) recon-
struction. It also made a comparison between the clinical
results of the modified transtibial (mTT) technique and of the
ID techniques. Prospective studies on transtibial (TT) and
ID techniques for ACL reconstruction were retrieved from
several databases and a subgroup analysis was performed
to compare the sTT technique with the ID techniques and
the mTT with the ID techniques. Furthermore, comparison
of the Lachman test, pivot-shift test, International Knee
Documentation Committee (IKDC) subjective and objec-
tive evaluations, Lysholm score and Tegner activity scale
were conducted. This report included 12 clinical studies that
involved 681 patients having received ACL reconstruction. The
study results indicated that in comparison between the sTT
and ID techniques, the ID techniques outperformed the sTT
technique in the IKDC subjective score (P=0.01) and laxity
(P=0.0004). However, there was no significant difference in
the IKDC objective score (P=0.34), pivot-shift test (P=0.24),
Lachman test (P=0.21), Lysholm score (P=0.14) and Tegner
activity scale (P=0.66). The comparison between the new
mTT technique and the ID techniques suggested no signifi-
cant difference in the IKDC objective and subjective scores
(P=0.86), laxity (P=0.38), pivot-shift test (P=0.66), Lachman
test (P=0.10), Lysholm score (P=0.10) and Tegner activity
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scale (P=0.55). Compared to the sTT technique, the mTT
and ID techniques are more suitable for ACL reconstruction
because they can present better subjective feelings. Moreover,
considering that the TT technique is familiar to surgeons and
the mTT technique can bring favorable subjective feelings and
objective clinical outcomes, the mTT technique shows greater
utilization potential.

Introduction

Conservative treatment for anterior cruciate (ACL) ligament
has modest efficacy. A study (1) suggested that 95% of the
patients who had adopted long-term conservative treatment
had to receive meniscectomy after 20 years while 52% of
these patients, at the average age of 53 only, had to receive
total knee arthroplasty (TKA) after 30 years; moreover,
because conservative treatment may further affect the
stability of lateral knee joint, in most cases, surgery is recom-
mended. In the USA, there are >100,000 patients receiving
ACL reconstruction every year (2,3). Presently, arthroscopic
ACL reconstruction techniques mainly include: trans-
tibial (TT), anteromedial portal (AMP) or transportal (TP)
and outside-in (OI) techniques. The TT technique means
drilling a tibial tunnel to create a femoral tunnel in ACL
reconstruction while the AMP and the OI techniques require
an additional incision on the anteromedial or OI aspect
of the femur to create a solitary femoral tunnel. Similar
to other literature (4), the AMP and the OI techniques are
collectively referred to as the independent drilling (ID) tech-
niques in this report. Plenty of studies showed that femoral
tunnels could not be precisely placed in the natural ACL
anatomic insertion by using the standard transtibial (STT)
technique (5,6), which, as a result, caused abnormal rotation
of knee joints (7,8) and failed to reduce the occurrence of
knee osteoarthritis (KOA). At present, the STT technique has
been basically abandoned by surgeons. In contrast, the ID
techniques are efficient in the placement of femoral tunnel
in the natural ACL insertion for anatomic reconstruction.
Since the ID techniques have overcome the deficiencies of
the sTT technique, it has become a trend to employ the ID
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techniques in ACL reconstruction (9-11). However, in recent
years, a new technique has been introduced to the field, the
modified transtibial (mTT) technique. The mTT technique
is not only as efficacious as the ID techniques in respect of
anatomic reconstruction (4,12,13), but requires fewer inci-
sions compared to the latter. Moreover, most surgeons in
the field of sports medicine have grasped the TT technique
and thus they are likely to acknowledge the mTT technique.
Is the mTT technique or the ID techniques better for ACL
reconstruction? This report gives a meta-analysis of the latest
studies on the sTT, ID and mTT techniques, which evalu-
ated these techniques by comparing their clinical data and
provided a theoretical basis for surgeons to select the optimal
surgical methods.

Data collection methods

Search strategy and study selection. We conducted online
searches of PubMed (1982 to April 2017), Cochrane (4th
issue, 2017) and Embase (1982 to June 2017), the following
words were selected to perform the search task in the PubMed,
Embase and Cochrane databases by means of medical subject
headings and text-word searching: ‘anterior cruciate ligament’
and (‘transtibial’ or ‘modified transtibial” or ‘anteromedial
portal” or ‘outside-in” or ‘independent drilling’). Titles and
abstracts of the retrieved articles were assessed to exclude the
ineligible ones from the meta-analysis. Further inclusion and
exclusion was carried out by means of full-text assessment for
eligibility.

The inclusion criteria are as follows: 1) clinical studies on
comparison between the TT (or mTT) and the ID techniques
for ACL reconstruction; ii) single-bundle ACL reconstruc-
tion; iii) patients suffering from ACL fracture without any
other ligament injuries; iv) complete reports on postoperative
kinematic and clinical evaluation results; and v) prospective
clinical studies (level of evidence: level I and II).

The exclusion criteria are as follows: i) studies on compar-
ison between the TT technique and other drilling methods, or
between the sTT and the mTT techniques or the TP and the OI
techniques; ii) studies on double-bundle ACL reconstruction;
iii) ACL accompanied by posterior cruciate ligament (PCL),
medial collateral ligament (MCL) or lateral collateral liga-
ment (LCL) injuries; iv) absence of reports on postoperative
clinical outcomes or failure in acquiring necessary data; and
v) retrospective clinical studies or those with lower levels of
evidence (level III or IV or below).

These criteria were also applied to the references of each
article included in this study for screening to prevent careless
omission.

Data extraction and analysis. The data extracted from
the included articles were: first author, year of publication,
research type, level of evidence, average age of patients,
sample size, follow-up duration, occurrence of meniscus
injury, International Knee Documentation Committee (IKDC)
subjective/objective score, laxity of knee joint, Lachman test,
pivot-shift test, Lysholm score and Tegner activity scale. When
having any questions about an article, the authors of this report
tried to reach and communicate with the correspondence
author(s) of the article.
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Since the TT groups of the included articles either referred
to the STT or the mTT technique, in this study, they were
divided into the sTT and the mTT subgroups for comparison
with the ID techniques.

RevMan 5.3 software was employed to perform data
analysis. The standardized mean differences (SMDs) of
continuous variables were used as analytical results while the
random effects model with 95% confidence intervals (CIs)
was applied to the analysis; on the other hand, the odds
ratios (ORs) of dichotomous variables were adopted to present
analytical results and similarly, the random effects model
with 95% CI was applied to the analysis. I* was used to assess
heterogeneity. If I* <50%, there was low heterogeneity. P<0.05
suggested a significant difference in analytical results. In
some studies (14-17), continuous variables were expressed by
medians and numerical ranges. The method put forward by
Hozo et al (18) in 2005 was employed to estimate means and
variances; some used means and P-values to report continuous
variables. In this study, the methods provided in the Cochrane
Handbook for Systematic Reviews of Interventions were
adopted as variance estimators.

Results

Identification process. With the above-mentioned key words,
689 articles were retrieved from the PubMed database while
721 were retrieved from the Embase database and 79 were
from the Cochrane database. After removing duplicates,
there remained 882 records in total. The authors of this report
selected 50 articles eligible for the meta-analysis after going
through the titles and abstracts of all records. Subsequently,
a full-text assessment for eligibility of these 50 articles was
performed and 12 studies (Fig. 1) involving 681 patients were
included in the meta-analysis according to the foregoing
inclusion and exclusion criteria. The first authors, years of
publication, research types, levels of evidence, sample sizes,
follow-up durations, occurrence of meniscus injury and the
involved drilling techniques for comparison of these 12 arti-
cles are shown in Table I.

Measurements meta-analysis. The IKDC objective score was
analyzed as a dichotomous variable (16,19-22) and the OR value
was defined as ‘(number of patients rated A and B)/(number
of patients rated C and D). There were 305 patients in five
studies included in the comparison between the sTT and the
ID techniques. Through analysis, there were no statistically
significant differences in the IKDC objective scores of the
STT and the ID group [OR=0.48, 95% CI (0.11, 2.14), P=0.34].
The data showed low heterogeneity (P=0.46, I’=0%). In addi-
tion, based on the comparison of the IKDC objective scores
between the mTT and the ID techniques, a study (sample size,
38) indicated no statistical differences between the two types
of techniques in this respect [OR=1.00, 95% CI (0.06, 17.18),
P=1.00] (23) (Fig. 2).

An analysis on the IKDC subjective score as a continuous
variable was performed (14,19-21). There were 257 patients
in four studies included in the comparison between the sTT
and the ID techniques. The study results suggested statisti-
cally significant differences between the sTT group and that
of the ID group in their IKDC subjective scores [SMD=-0.48,
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Table I. Basic information of included studies.
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Experimental Level of Ageinyears Sample Meniscus Follow-up Techniques for
Author Year design evidence mean (range) size injury  duration (months) comparison
Matassi et al (21) 2015 II 31 (18-48) 40 - 12 TT/OI
Lanzetti et al (14) 2017 I 25.71£3.02 44 + >24 TT/OI
Sohn et al (15) 2014 I 29.3 (15-51) 60 - 15.7 mTT/AMP/OI
Zhang et al (25) 2012 RCT I 28 (17-48) 76 - >12 TT/AMP
Noh et al (16) 2013 I 23 (18-45) 61 - 30.2 TT/AMP
Musahl (17) 2015 II 29 40 - 24 mTT/AMP
Youm eral (23) 2014 I 28.7+10.9 40 + 24 mTT/AMP
Hussein ez al (20) 2012 RCT I 334 (16-63) 150 - 51.15 TT/AMP/AMP(DB)
Bohn et al (19) 2015 RCT | 25.9+6.3 23 - 13 TT/AMP
Koutras et al (26) 2013 II 239 51 - 6 TT/AMP
Xu et al (24) 2012 II 32.0+4.8 65 - 16 TT/AMP
Yanasse et al (22) 2016 I 18-45 31 - 13 TT/OI

RCT, randomized controlled trial; TT, transtibial; OI, outside-in; mTT, modified transtibial; AMP, anteromedial portal.
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Figure 1. Records screening flow chart.

95% CI (-0.86,-0.10), P=0.01], with the ID group having
a higher score. The data showed moderate heterogeneity
(P=0.15, I’=44%). Besides, there were 140 patients in three
studies (15,17,23) included in the comparison between the
mTT and the ID techniques. According to the study results,
there were no statistically significant differences in the IKDC
subjective scores of the mTT and the ID group [SMD=-0.22,
95% CI (-0.56,0.12), P=0.20]. The data showed no heteroge-
neity (P=0.86, 1’=0%) (Fig. 3).

The difference in the anterior displacement of the tibia
between bilateral knee joints was employed to assess the
difference in anterior displacement of the tibia between
the operated and the intact knees (14,19-21,24,25). In four

studies, the KT-1000 knee arthrometer was adopted while
the KT-2000 knee arthrometer was applied to another two
studies. The difference in bilateral knee joints was analyzed
as a continuous variable. There were 398 patients in six studies
included in the comparison between the sTT and the ID tech-
niques. The study results indicated statistically significant
differences between the sTT and the ID groups in D-value in
anterior displacement of the tibia between the operated and
the intact knees [SMD=0.36, 95% CI (0.16,0.56), P=0.0004],
with the ID group having a smaller D-value. The data showed
low heterogeneity (P=0.82, I’=0%). Besides, there was a
study (sample size, 60) comparing the mean difference in the
anterior displacement of the tibia between the operated and



ZHANG et al: mTT TECHNIQUE COMPARISON TO ID TECHNIQUES IN TREATMENT FOR RECONSTRUCTION

1.1.1 Traditional TT

Bohn, M. B. 2015 1 11 12 12
Hussein, M. 2012 71 72 78 78 16.8%
Matassi, F. 2015 20 20 20 20

Noh, J. H. 2013 26 30 30 31 34.2%
Yanasse, R. H. 2016 13 14 15 17 27.5%
Subtotal (95% CI) 147 158 78.5%
Total events 141 155

Heterogeneity: Tau? = 0.00; Chi® = 1.56, df = 2 (P = 0.46); I = 0%
Test for overall effect: Z =0.96 (P = 0.34)

1.1.2 Modified TT

Youm, Y. S. 2014 19 20 19 20 21.5%
Subtotal (95% CI) 20 20 21.5%
Total events 19 19

Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 167 178 100.0%
Total events 160 174

Heterogeneity: Tau? = 0.00; Chi? = 1.76, df = 3 (P = 0.62); I = 0%
Test for overall effect: Z = 0.85 (P = 0.39)

Test for subgroup differences: Chi? = 0.20, df = 1 (P = 0.66), I?= 0%
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Figure 2. Comparison of IKDC objective scores between the TT and the ID group. IKDC, International Knee Documentation Committee; TT, transtibial; ID,

independent drilling.

T ID Std. Mean Difference Std. Mean Difference

AL ., ALUTOUE
2.1.1 Traditional TT
Bohn, M. B. 2015 7115 M 7% 13 12 64% -0.34 [-1.17, 0.48] - |
Hussein, M. 2012 63.7 149 72 677 14 78 356% -0.28 [-0.60, 0.05] —
Lanzetti, R. M. 2017 90.4 4 22 92 5 22 12.0% -0.35 [-0.94, 0.25] - 1
Matassi, F. 2015 65.98 6.42 20 71.55 1.96 20 9.5% -1.15 [-1.82, -0.48] - -
Subtotal (95% CI) 125 132 63.5% -0.48 [-0.86, -0.10] S
Heterogeneity: Tau® = 0.07; Chi? = 5.37, df = 3 (P = 0.15); I* = 44%
Test for overall effect: Z=2.49 (P =0.01)
2.1.2 Modified TT
Musahl, V. 2015 828 75 20 839 75 20 11.1% -0.14 [-0.76, 0.48] I
Sohn, 0. J. 2014 741 87 20 774 87 40 14.3% -0.34 [-0.88, 0.20] - |
Youm, Y. S. 2014 828 81 20 839 65 20 111% -0.15 [-0.77, 0.47] - 1T
Subtotal (95% CI) 60 80 36.5%  -0.22[-0.56, 0.12] -
Heterogeneity: Tau? = 0.00; Chi? = 0.30, df = 2 (P = 0.86); 1> = 0%
Test for overall effect: Z = 1.28 (P = 0.20)
Total (95% CI) 185 212 100.0% -0.35 [-0.56, -0.14] <&
Heterogeneity: Tau? = 0.01; Chi? = 6.45, df = 6 (P = 0.37); 12 = 7% 2 1 5 1 2
Test for overall effect: Z = 3.24 (P = 0.001) Transtibial Independent Drilling

Test for subgroup differences: Chi? = 0.99, df = 1 (P = 0.32), I*=0%

Figure 3. Comparison of IKDC subjective scores between the TT and the ID group. IKDC, International Knee Documentation Committee; TT, transtibial; ID,

independent drilling.

the intact knees of the mTT and ID groups (15). From the
study results, no statistical differences in this respect between
the sTT and the ID techniques were found [OR=0.24, 95% CI
(-0.30, 0.78), P=0.38] (Fig. 4).

An analysis on the Lachman test results as dichotomous
variables was conducted (14,16,19,22) and the OR value was
defined as (number of patients with positive test results)/(number
of patients with negative test results). There were 159 patients
in four studies included in the comparison between the sSTT and
the ID techniques. Through analysis, there were no statistically
significant differences in the Lachman test results between the

STT and the ID group [OR=1.72, 95% CI (0.74, 3.97), P=0.21].
The data showed low heterogeneity (P=0.34, 1’=7%). There
was also a study (sample size, 40) comparing the Lachman
test results of the mTT and the ID techniques (23), according
to which, no statistical difference between the mTT and the
ID techniques was found in Lachman test [OR=0.47, 95% CI
(0.04, 5.69), P=0.56] (Fig. 5).

The pivot-shift test results were analyzed as dichotomous
variables (14,16,19,20,22,24) and the OR value was defined as
‘(number of patients with positive test results/number of patients
with negative test results). There were 364 patients in six studies
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Std. Mean Difference Std. Mean Difference

% Cl

1Qy O logroup Random IVRa_n_dgm._s_S%Cl
3.1.1 Traditional TT
Bohn, M. B. 2015 23 19 11 2 1.7 12 5.2% 0.16 [-0.66, 0.98] ]
Hussein, M. 2012 2 09 72 16 08 78 32.9% 0.47 [0.14, 0.79] -
Lanzetti, R. M. 2017 2.3 1 22 21 08 22 9.9% 0.22 [-0.38, 0.81] -
Matassi, F. 2015 2.07 0.67 20 154 0.94 20 8.6% 0.64 [-0.00, 1.27] -
Xu,C. M. 2012 2 03 30 19 03 35 144% 0.33 [-0.16, 0.82] T
Zhang, Q. 2012 2.14 091 38 196 1.02 38 171% 0.18 [-0.27, 0.63] N
Subtotal (95% CI) 193 205 88.0% 0.36 [0.16, 0.56] ’
Heterogeneity: Tau? = 0.00; Chi* = 2.20, df =5 (P = 0.82); I’ = 0%
Test for overall effect: Z = 3.56 (P = 0.0004)
3.1.2 Modified TT
Sohn, 0. J. 2014 14 215 20 095 1.67 40 12.0% 0.24 [-0.30, 0.78] 1
Subtotal (95% CI) 20 40 12.0% 0.24 [-0.30, 0.78] "."‘
Heterogeneity: Not applicable
Test for overall effect: Z=0.88 (P = 0.38)
Total (95% CI) 213 245 100.0% 0.35 [0.16, 0.53] L 2
Heterogeneity: Tau? = 0.00; Chi? = 2.37, df = 6 (P = 0.88); IF = 0% 2 1 5 1 2

Test for overall effect: Z = 3.64 (P = 0.0003)
Test for subgroup differences: Chi# = 0.17, df = 1 (P = 0.68), I*=0%

Transtibial Independent Drilling

Figure 4. Comparison of differences in laxity of bilateral knee joints between the TT and the ID group. TT, transtibial; ID, independent drilling.

_Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% ClI

4.1.1 Traditional TT

T ID

Bohn, M. B. 2015 3 11 3 12 18.3%
Lanzetti, R. M. 2017 0 22 0 22

Noh, J. H. 2013 13 30 6 31 29.3%
Yanasse, R. H. 2016 7 14 9 17 35.7%
Subtotal (95% Cl) 7 82 83.3%
Total events 23 18

Heterogeneity: Chi* = 2.14, df =2 (P = 0.34); = 7%

Test for overall effect: Z=1.40 (P = 0.16)

4.1.2 Modified TT

Youm, Y. S. 2014 1 20 2 20 16.7%
Subtotal (95% CI) 20 20 16.7%
Total events 1 2

Heterogeneity: Not applicable

Test for overall effect: Z = 0.59 (P = 0.56)

Total (95% Cl) 97 102 100.0%

Total events 24 20
Heterogeneity: Chi* = 3.10, df = 3 (P = 0.38); 1= 3%
Test for overall effect: Z=1.14 (P = 0.25)

Test for subgroup differences: Chi? = 0.97, df = 1 (P = 0.33), = 0%

Odds Ratio Odds Ratio
M-H. Fixed. 95% CI
1.13[0.17, 7.24] I —
Not estimable
I

3.19[1.01, 10.03]
0.89 [0.22, 3.66]
1.75 [0.80, 3.83]

e

0.47 [0.04, 5.69] :
0.47 [0.04, 5.69) e ——
1.54 [0.74, 3.21] o
0.02 0.1 1 10 50
Transtibial Independent Drilling

Figure 5. Comparison of Lachman test results between the TT and the ID group. TT, transtibial; ID, independent drilling.

included in the comparison between the sTT and the ID tech-
niques. According to the study results, no statistically significant
differences were found in the pivot-shift test results between
the sTT group and the ID group [OR=1.70, 95% CI (0.70, 4.15),
P=0.24]. The data showed moderate heterogeneity (P=0.04,
I’=56%). There were 100 patients in two studies (15,23) included
in the comparison between the mTT and the ID techniques.
The results showed no statistically significant differences in
the pivot-shift test results between the mTT and the ID group
[OR=1.72, 95% CI (0.16, 18.98), P=0.66]. The data showed
moderate heterogeneity (P=0.16, ’=49%) (Fig. 6).

The Lysholm knee score was analyzed as a continuous
variable (14,16,19,20,22,24,25,26) in eight articles where a
total number of 501 patients were included in the comparison

between the STT and the ID techniques. The results indicated
no statistically significant differences in Lysholm knee score
between the sTT and the ID group [SMD=-0.19, 95% CI
(-0.44, 0.06), P=0.14]. The data showed a certain degree of
heterogeneity within the tolerance interval (P=0.08, 1’=45%).
In addition, there were 140 patients in three studies (15,17,23),
included in the comparison between the mTT and the ID tech-
niques. The results suggested that there was no statistically
significant difference in Lysholm knee score between the mTT
and the ID group [SMD=-0.37, 95% CI (-0.82, 0.07), P=0.10]
with the data showing moderate heterogeneity (P=0.19,
1’=40%) (Fig. 7).

The Tegner activity scale was analyzed as a continuous
variable (14,19,22), in three articles where 98 patients were
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TT ID Odds Ratio Odds Ratio
otud ) subgroup C ‘I"Il'I
5.1.1 Traditional TT
Bohn, M. B. 2015 3 11 2 12 9.6% 1.88 [0.25, 14.08] I
Hussein, M. 2012 42 72 26 78 23.9% 2.80 [1.44, 5.44] =
Lanzetti, R. M. 2017 1 22 2 22 72% 0.48 [0.04, 5.67] - 1
Noh, J. H. 2013 10 30 4 31 158% 3.38[0.92, 12.33] |
Xu,C. M. 2012 23 30 33 3B 123% 0.20 [0.04, 1.05] L |
Yanasse, R. H. 2016 10 14 6 17 13.4% 4.58 [0.99, 21.12] —
Subtotal (95% CI) 179 195 82.2% 1.70 [0.70, 4.15] -
Total events 89 73
Heterogeneity: Tau® = 0.64; Chi* = 11.46, df = 5 (P = 0.04); I> = 56%
Test for overall effect: Z = 1.16 (P = 0.24)
5.1.2 Modified TT
Schn, 0. J. 2014 5 20 3 40 13.2% 4.11 [0.87, 19.41] T -
Youm, Y. 5. 2014 0 20 1 20 4.6% 0.32 [0.01, 8.26] -
Subtotal (95% CI) 40 60 17.8% 1.72[0.16, 18.98] e
Total events 5 4
Heterogeneity: Tau® = 1.65; Chi* = 1.97, df = 1 (P = 0.16); I’ = 49%
Test for overall effect: Z = 0.44 (P = 0.66)
Total (95% CI) 219 255 100.0% 1.80 [0.84, 3.86] >
Total events 94 77
Heterogeneity: Tau? = 0.52; Chi = 13.47, df = 7 (P = 0.06); 12 = 48% 0“0 p of p j 1*0 p 0‘0

Test for overall effect: Z=1.51 (P =0.13)
Test for subgroup differences: Chi* = 0.00,df =1 (P =0.99), F = 0%

Transtibial

Independent Drillig

Figure 6. Comparison of pivot-shift test results between the TT and the ID group. TT, transtibial; ID, independent drilling.

baroup

Std. Mean Difference

q

i i

Std. Mean Difference

6.1.1 Traditional TT

Bohn, M. B. 2015 81 14 11 86 12 12 52% -0.37 [-1.20, 0.46] —
Hussein, M. 2012 909 7 72 918 43 78 153% -0.16 [-0.48, 0.17] —

Koutras, G. 2013 988 21 36 99 2 15 82% -0.10 [-0.70, 0.51]

Lanzett, R.M.2017 932 3 22 936 3 22 84% -0.13 [-0.72, 0.46] S

Noh, J. H. 2013 92 5 30 95 3 31 98% 0.72[-1.24,-0200 —

Xu, C. M. 2012 784 78 30 769 61 35 10.5% 0.21[-0.28, 0.70] -
Yanasse, R.H.2016 966 45 14 946 4 17 65% 0.46 [-0.26, 1.18] -
Zhang, Q. 2012 945 11 38 951 1 38 11.3% -0.56 [-1.02, -0.11] —_—

Subtotal (95% CI) 253 248  75.2% -0.19 [-0.44, 0.06] -
Heterogeneity: Tau® = 0.06; Chi® = 12.71,df = 7 (P = 0.08); I* = 45%

Test for overall effect: Z = 1.48 (P = 0.14)

6.1.2 Modified TT

Musahl, V. 2015 8 8 20 8.1 8 20 7.9% -0.13 [-0.76, 0.49] B R

Sohn, 0. J. 2014 865 3.3 20 889 28 40 9.1% 0.80[-1.35 024 —  —

Youm, Y. S. 2014 8 76 20 861 84 20 7.9% -0.13 [-0.76, 0.49] N
Subtotal (95% CI) 60 80 24.8% -0.37 [-0.82, 0.07] ~al-
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Figure 7. Comparison of Lysholm knee scores between the TT and the ID group. TT, transtibial; ID, independent drilling.

included in the comparison between the sTT and the ID
techniques. According to the study results, no statistically
significant differences were seen in Tegner activity scale
between the sTT and the ID group [SMD=-0.22, 95% CI
(-1.16, 0.73), P=0.66]. The data showed high heterogeneity
(P=0.006, I’=81%). Besides, there were 140 patients in three
studies (15,17,23) included in the comparison between the
mTT and the ID techniques. The results indicated no statisti-
cally significant differences in Tegner activity scale between
the mTT and the ID group [SMD=-0.11, 95% CI (-0.48, 0.25),

P=0.55], with the data showing low heterogeneity (P=0.32,
1’=13%) (Fig. 8).

Susceptibility analysis. A series of susceptibility analysis
was performed to assess the stability of this meta-analysis.
To accurately identify the reasons for data instability, the
susceptibility analysis was further carried out by selecting
the included studies with the sample sizes >20 cases and
randomized controlled trial (RCT), changing the random
effects model into the fixed-effects model and ruling out
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Figure 8. Comparison of Tegner activity scale between the TT and the ID group. TT, transtibial; ID, independent drilling.

singular values. According to the susceptibility analysis
on comparison between the sTT and ID techniques, when
the studies having smaller sample sizes (<20 cases) were
excluded, there were statistically significant differences in
Lachman test between the STT and the ID groups [OR=3.19,
95% CI (1.01, 10.03), P=0.05]; if only the studies with RCT
were included, the data of the two groups would show
significant statistical differences [OR=2.39, 95%CI (0.90,
6.35), P=0.08]. In terms of pivot-shift test, if only the studies
with RCT were included, the meta-analysis results would
suggest significant statistical differences, with the ID group
having more negative results [OR=2.81, 95% CI (1.59, 4.96),
P=0.0004]; when the random effects model applied to the
meta-analysis was replaced by the fixed-effects model,
statistically significant differences between the data of the
two groups could also be found [OR=2.00, 95% CI (1.25,
3.19), P=0.004].

In comparison between the sTT and ID techniques, when
the article contributed by Matassi ef al (21) was removed
from the analysis of IKDC subjective score, the data hetero-
geneity significantly dropped (P=0.97, I’=0%) and significant
statistical differences between the two groups were observed
[SMD=-0.30, 95% CI (-0.57, -0.03), P=0.03]; as to Lachman
test, when Yanasse's et al (22) study was excluded, the analyt-
ical results showed statistically significant differences between
the two groups [OR=2.39, 95% CI (0.90, 6.35), P=0.08], with
the ID group having less positive results and without data
heterogeneity (P=0.35, I>’=0%); in terms of pivot-shift test, the
analytical results suggested significant statistical differences
after the article of Xu et al (24) was excluded [OR=2.75,95% CI
(1.64, 4,63), P=0.0001] and meanwhile, the data heterogeneity
was significantly reduced (P=0.63, I’=0%); when the study of
Lanzetti's et al (14) was excluded from the analysis on Tegner
activity scale, there remained no statistically significant differ-
ences between the two groups [SMD=0.27, 95% CI (-0.27,
0.80), P=0.33] and yet the data heterogeneity was decreased
significantly (P=0.57, ’=0%) (Table II).

In comparison between the mTT and ID techniques,
considering the limited literature, only the susceptibility
analysis that replaced the random effects model with the
fixed-effects model was conducted (Table III). In terms of
Lysholm knee score, there were statistically significant inter-
group differences when the fixed-effects model was applied
to the analysis [SMD=-0.39, 95% CI (-0.03, -0.74), P=-0.03].
The susceptibility analysis on other items showed no signifi-
cant changes in the meta-analysis results (SMDs or ORs) and
statistical significance (P-value). Only the subgroups of a study
were not given any susceptibility analysis.

Discussion

The latest meta-analysis based on the 12 articles showed that
the ID techniques, compared to the sTT technique, presented
a higher IKDC subjective score and a lower degree of laxity.
However, no significant differences were found in the results
of the IKDC objective score, pivot-shift test and Lachman test;
the comparison of the above-mentioned indicators between
the mTT and the ID techniques also suggested no significant
differences.

Compared to the sTT group, the ID group had a lower
degree of laxity. The data showed low heterogeneity. Authors
of this report considered it as a result of the non-anatomic
site of the bone tunnel. In contrast, Daniel (27) reported that
the differences in anterior displacement of the tibia between
bilateral knees of 95% of those having intact knee joints
remained <3 mm and they held that the difference in anterior
laxity between bilateral knees >3 mm indicated ACL inju-
ries. In this study, the difference in anterior laxity between
bilateral knees was <3 mm and yet, it still represented post-
operative differences between the two surgical methods. A
majority of studies (28-30) indicated that the sTT technique,
as non-anatomic reconstruction showing weak anti-rotation
ability, was likely to cause impingement of intercondylar
fossa and osteoarthritis. The meta-analysis results were in
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Table II. Comparison of susceptibility analysis results between the sTT and the ID techniques.
IKDC objective score IKDC subjective score
No. of patients OR P-value  No. of patients SMD P-value
Basic analysis 305 048 (0.11,2.14) 0.34 257 -0.48 (-0.86,-0.10) 0.01
n =20 251 0.24 (0.04, 1.53) 0.13 234 -0.53 (-1.02,-0.04) 0.03
RCT 234 0.24 (0.04, 1.53) 0.13 173 -0.28 (-0.58,0.02) 0.06
Fixed-effects model 305 0.47(0.12, 1.80) 0.27 257 -0.41 (-0.66,-0.16) 0.001
Singular value removal / / / 217 -0.30 (-0.57,-0.03) 0.03
Knee laxity Lachman test
No. of patients SMD P-value  No. of patients OR P-value
Basic analysis 398 0.36 (0.16,0.56)  0.0004 159 1.72 (0.74,3.97) 0.21
n =20 375 0.37(0.17,0.58)  0.0004 105 3.19 (1.01,10.03) 0.05
RCT 249 0.35(0.10,0.60)  0.006 84 2.39(0.90, 6.35) 0.08
Fixed-effects model 398 0.36 (0.16,0.56)  0.0004 159 1.75(0.80, 3.83) 0.16
Singular value removal / / / 159 1.72 (0.74,3.97) 0.21
Pivot-shift test Lysholm knee score
No. of patients OR P-value  No. of patients SMD P-value
Basic analysis 374 1.70 (0.70,4.15)  0.24 501 -0.19 (-0.44,0.06) 0.14
n =20 320 1.22(0.34,436) 0.76 396 -0.27 (-0.58,0.04) 0.09
RCT 234 2.81(1.59,496) 0.0004 310 -0.41 (-0.69,-0.13) 0.004
Fixed-effects model 374 2.00(1.25,3.19)  0.004 501 -0.20 (-0.38,-0.02) 0.03
Singular value removal 309 2.75(1.64,4.63) 0.0001 / / /
Tegner activity scale
No. of Patients SMD P-value
Basic analysis 98 -0.22 (-1.16,0.73) 0.66
n =20 / /
RCT / / /
Fixed-effects model 98 -0.30 (-0.71,0.11) 0.16
Singular value removal 54 0.27 (-0.27,0.80) 0.33

sTT, standard transtibial; ID, independent drilling; IKDC, International Knee Documentation Committee; OR, odds ratio; SMD standardized

mean difference; RCT, randomized controlled trial.

Table III. Comparison of susceptibility analysis results
between the mTT and the ID techniques.

Fixed-effects model P-value
IKDC subjective score -0.22 (-0.56,0.12) 0.20
Lysholm knee score -0.39 (-0.73,-0.04) 0.03
Tegner activity scale -0.11 (-0.48,0.25) 0.55
Pivot-shift test 224 (0.61,8.17) 0.22

mTT, modified transtibial; ID, independent drilling; IKDC, Inter-
national Knee Documentation Committee.

line with this theory and explained the reasons why anatomic
reconstruction has the advantage over the traditional isometric
reconstruction.

Compared to the sTT group, the ID group had a high
IKDC subjective score, which showed moderate hetero-
geneity. The higher IKDC subjective score indicated a
higher level of functions or a lower degree of symptoms,
with the emphasis placed on the assessment of a patient's
range of movement and exercise intensity, instead of the
patient's sensations in daily activities, which is the focus of
the Lysholm knee scoring scale. The differences in IKDC
subjective scores may be affected by the recovery level
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of the physiological structure. Specifically, it is probably
because the sTT technique cannot facilitate the recovery of
the physiological ligament position that it had a lower IKDC
subjective score in the analysis.

As to the comparison of the pivot-shift test, IKDC objec-
tive scores and Lachman test, no statistical differences in the
ORs were seen between the groups. Moreover, there were few
positive results, which indicated that the patients' ACLs had
been recovered after operations.

The comparison of IKDC subjective scores, Lysholm
knee scores and Tegner activity levels between the mTT and
the ID groups showed no significant differences. The mTT
technique was put forward by Piasecki er al (31) in 2011.
According to their study, anatomic reconstruction could be
achieved with the TT technique by changing the knee joint
position. Youm ez al (23) and Lee et al (32) had put the theory
into practice and reported that the TT and IDD techniques
were much alike in tunnel characteristics and clinical
results. Since the TT technique has been widely accepted
in Asia (33-36), it requires further analysis to demonstrate
the reliability and benefits of the mTT technique. Therefore,
the meta-analysis also provided the comparison between the
mTT and ID techniques in order to explore whether the mTT
technique could present desirable clinical outcomes. The
results suggested that the mTT technique was comparable
to the ID techniques in terms of patients' subjective sensa-
tions, recovery level of motor abilities and daily activities
by comparison of IKDC subjective scores, Lysholm knee
scores and Tegner activity levels between the mTT and the
ID groups. However, considering the limited data size and
short follow-up visit, it still requires massive clinical data to
support the conclusion.

In this report, only the single-bundle studies were analyzed
because according to the autopsy studies (37) in southern China,
the average length of tibial insertions was 15.18+2.65 mm only,
failing to meet the indication of double-bundle reconstruction.
Generally, patients who have the tibial insertions <16 mm are
recommended to receive single-bundle anatomic reconstruc-
tion (38-40).

Similar to other system evaluations, this study also has
limitations: i) it includes a small number of RCTs and lacks
quality randomized controlled studies; ii) some studies
included in the meta-analysis have modest sample sizes
and there is statistically significant heterogeneity due to the
differences in research design, patient diversity and opera-
tion plans; iii) the studies having relatively short follow-up
fail to provide long-term clinical evidence; iv) there are few
studies on comparison between the mTT and ID techniques
written in Chinese, making the meta-analysis less convincing;
and v) the meta-analysis is only a statistical test subject to
numerous methods and thus it cannot control all relevant
factors.

In conclusion, compared to the sTT technique, the mTT
technique, similar to the ID techniques, has a lower level
of laxity and a higher IKDC subjective score. Since the
TT technique is familiar to almost all surgeons, the mTT
technique is expected to gain widespread recognition and
become the new reconstruction standard in the future. Yet,
it still requires extensive research data to support the conclu-
sion.
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