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Abstract
Purpose Selective anteromedial or posterolateral bundle reconstruction is recognized as a treatment modality in partial 
anterior cruciate ligament (ACL) reconstruction (ACLR) with a biomechanically sufficient ACL remnant. However, there 
is paucity in literature investigating clinical outcomes of standard ACLR with preservation of residual continuous but 
biomechanically insufficient ACL tissue. The aim of this study was to investigate the influence of preservation of residual 
continuous but biomechanical insufficient ACL tissue in standard ACLR on complication and repeat surgery rate, and patient 
reported and clinical outcome.
Methods The retrospective cohort comprised 134 patients (age 23 ± 7 years; Tegner 6 ± 3) with an isolated acute ACL tear. 
In 67 patients, residual continuous but biomechanically insufficient ACL tissue was present and preserved based on visual 
inspection, probing of the ACL tissue and Lachman test under arthroscopic view (standard reconstruction with tissue pres-
ervation; SRTP). These patients were matched to 67 patients that underwent ACLR where no residual ACL tissue could be 
preserved (standard reconstruction; SR) based on gender, age and chondral and/or meniscal status. Clinical failure (recur-
rent instability, pathological ACL graft laxity and/or ACL graft discontinuity), other complication and repeat-surgery rate 
within index surgery and 1-year and within index surgery and 2-year follow-up, and patient reported and clinical outcomes 
at 1-year and at 2-year follow-up were compared.
Results A statistically significant lower clinical failure rate within index surgery and 1-year (SRTP, 3%; SR, 13%; P = 0.028) 
and within index surgery and 2-year follow-up (SRTP, 3%; SR, 23%; P = 0.001), and revision ACL surgery rate within index 
surgery and 1-year (SRTP, 2%; ST, 10%; P = 0.029) and within index surgery and 2-year follow-up (SRTP, 2%; SR, 18%; 
P = 0.001) was found in the SRTP group. No statistically significant differences were found for other investigated outcomes 
in patients that were without clinical failure.
Conclusion This study shows that in ACLR surgery, preservation of residual continuous but biomechanical insufficient ACL 
tissue might lead to lower clinical failure rate and ACL revision surgery rate within index surgery and 1-year, and within index 
surgery and 2-year follow-up compared to standard ACLR where no residual continuous ACL tissue could be preserved.
Level of evidence III.
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Introduction

It has been proposed that preservation of anterior cruci-
ate ligament (ACL) remnants might enhance outcome of 
ACL reconstruction (ACLR) [1]. Several concepts of ACL 
tissue preservation in ACLR have been reported, among 
which remnant preservation of discontinuous ACL tissue 
(stumps at the femoral and tibial attachment sites) in case 
of a complete ACL rupture [2–5], and augmentation of a 
partial tear with an ACLR [6–11].

One consistency in the controversial definition of partial 
ACL tear is that there is residual continuous ACL tissue pre-
sent between the femoral and tibial ACL attachments sites 
[12], but distinction between biomechanical sufficient and 
insufficient residual continuous ACL tissue is not clearly 
made. Nevertheless, literature on ACLR in partial ACL 
tears has mainly focused on selective bundle augmentation 
where only the ruptured anteromedial (AM) or posterolateral 
(PL) ACL bundle is reconstructed with a tendon graft. This 
implies that the residual continuous AM or PL bundle has 
some remaining biomechanical properties left [6, 7, 9, 11].

However, in ACLR surgery, preservation of remaining 
continuous ACL tissue that is biomechanically insufficient 
has also been advised [13]. Presence of original sensory 
neurons in this remaining tissue after ACL injury, rein-
nervation in the reconstructed ACL when this remaining 
tissue was left in situ, and the relation between the amount 
of reinnervation of the ACL graft and recovery of knee 
function after ACLR have already been reported [14]. 
Nevertheless, there is paucity in literature investigating 
clinical outcomes of standard ACLR with preservation of 
residual continuous but biomechanically insufficient ACL 
tissue, and comparing this to standard ACLR where no 
residual continuous ACL tissue could be preserved.

Therefore, the purpose of this study was to investigate 
the influence of preservation of residual continuous but bio-
mechanical insufficient ACL tissue in standard ACLR on 
complication and repeat surgery rate, and clinical outcome. 
It was hypothesized that standard ACLR with preservation 
of residual continuous but biomechanically insufficient 
ACL tissue would lead to decreased clinical failure, other 
complication and repeat surgery rate, and improved patient-
reported and clinical outcomes compared to standard ACLR 
where no residual ACL tissue could be preserved.

Materials and methods

A retrospective matched case control study of prospec-
tively gathered data was conducted at the OCON Centre 
for Orthopaedic Surgery and Sports Medicine, Hengelo, 

The Netherlands. The institutional review board (IRB) 
of the OCON Centre for Orthopaedic Surgery and Sports 
Medicine approved this study (IRB nr: 2020100). Data 
collected for regular care purposes were anonymized and 
used for the present study unless patients had opted-out for 
use of their medical data for research purposes.

Patients

In the period between January 2014 and June 2019, 483 
patients underwent a primary single bundle (SB) all-inside 
ACLR with an ipsilateral quadrupled semitendinosus auto-
graft. All patients met criteria for recovery of knee function 
before ACLR [15]. In 187 (39%) of these patients residual 
continuous but biomechanically insufficient ACL tissue was 
spared (standard reconstruction with tissue preservation; 
SRTP), and in the other 296 patient no residual ACL tis-
sue could be spared (standard reconstruction without tissue 
preservation; SR). Exclusion criteria were prior surgery to 
the ipsi and/or contralateral knee, concomitant ligamentous 
injury of the ipsilateral knee, age > 50 years, physeal sparing 
ACLR, ACLR with contralateral hamstrings graft, a Lach-
man test, anterior drawer test and pivot shift test < grade 
1 after anaesthesia, absence of follow-up data for patient 
reported and clinical outcomes available at 1-year and/or 
2-year follow-up unless patients had a known complication 
or repeat surgery at any given time post-surgery, and/or 
inability to be matched. Patients were matched based on the 
covariates gender, age and concomitant meniscal or chondral 
lesions, which are known confounding variables affecting 
the clinical outcome after ACLR [16]. Distance/matching 
tolerance (fuzz) for gender and concomitant meniscal injury 
was set to zero, for age was set to 2.5 years and for chondral 
lesions, ranging from ICRS grade 0 (no chondral lesion) to 
grade 4 (full thickness chondral lesion), was set to 1 [17]. 
Matching was performed without replacement (i.e. patients 
from the SR group could only be matched once to patients 
from the SRTP group). Priority was given to exact matches 
and the matches were randomly drawn.

After application of in- and exclusion criteria and the 
matching procedure, 67 patients could be matched between 
groups. Therefore, in total, 134 patients were included in the 
present study (SRTP and SR group; age 23 ± 7 years; Tegner 
activity level 6 ± 3) (Fig. 1).

No difference in baseline characteristics was found 
between groups (Table 1). All residual continuous but bio-
mechanically insufficient ACL tissue that was preserved in 
the SRTP group was part of the AM bundle.

Outcome measures

Primary outcome measure was ACLR clinical failure rate 
within index surgery and 1-year, and within index surgery 
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and 2-year follow-up. Clinical failure was diagnosed by the 
treating physician based on history of recurrent instability, 
pathological ACL graft laxity and/or ACL graft discontinu-
ity on MRI or at arthroscopy.

Secondary outcome measures were other complication 
and repeat surgery rate within index surgery and 1-year, 
and within index surgery and 2-year follow-up, and Inter-
national Knee Documentation Committee 2000 (IKDC) 
subjective score, Knee injury and Osteoarthritis Outcome 
Score (KOOS), Tegner Activity Score (TAS), the Visual 
Analogue Scale (VAS) for pain during rest and activity, the 
IKDC physical examination (PE) score including side-to-
side difference of the instrumented Lachman test (Rolimeter; 
Aircast), the Visual Analogue Scale (VAS) for satisfaction 
with the result of the surgery, the manual Lachman and ante-
rior drawer test at 1-year and at 2-year follow-up of patients 
that were without clinical failure [18–25]. All patients with-
out a known complication or repeat surgery that were lost 
to follow up at 1-year and/or at 2-year follow-up for patient 
reported and clinical outcomes were contacted and asked 
if they had a history of recurrent instability or consultation 
related the ACLR in another institution. Independent, expe-
rienced sports-physiotherapists performed all clinimetric 

assessments in the orthopaedic department’s outpatient 
clinic, and all available data were retrieved, recorded and 
tabulated by one of the authors (L.Z.K).

Surgical procedure

All patients underwent primary SB all-inside ACLR with 
an ipsilateral quadrupled semitendinosus autograft (Arthrex, 
Naples, Florida, USA [26]. The ruptured ACL was assessed 
for presence of residual continuous but biomechanically 
insufficient ACL tissue (by visual inspection, probing of the 
ACL tissue, and Lachman test under arthroscopic view). It 
was decided to preserve this tissue if a substantial part of 
the AM or PL bundle of the native ACL was present, this 
tissue had femoral and tibial bony attachment and did not 
impinge in the femoral notch in full knee extension (Fig. 2). 
Otherwise, all remnants of the ruptured ACL were debrided.

In the SRTP group, the femoral and tibial ACL attach-
ment sites were debrided so that socket preparation was 
possible as in the SR group, while care was taken that the 
residual continuous ACL tissue stayed intact. In both groups 
the tibial socket was positioned in the centre of the ACL 
attachment and the femoral socket was positioned with a 

Fig. 1  Flowchart for patient selection
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Table 1  Baseline characteristic SRTP group n SR group n P

Gender (M:F) 39:28 (58:42) 67 39:28 (58:42) 67
Age (years) 23 ± 7 67 23 ± 7 67 n.s
BMI (kg/m2) 23 ± 3 67 24 ± 3 67 n.s
Operated side (R:L) 43:24 (64:36) 67 41:26 (61:39) 67 n.s
Time from injury to surgery (weeks) 15 (14) 65 14 (15) 60 n.s
Additional meniscal injury 34 (51) 67 34 (51) 67
Additional chondral lesion None: 60 (90) 67 None: 59 (88) 67 n.s

Grade 1: 4 (6) Grade 1: 5 (7)
Grade 2: 1 (2) Grade 2: 1 (2)
Grade 3: 0 (0) Grade 3: 2 (3)
Grade 4: 2 (3) Grade 4: 0 (0)

Thickness graft (mm) 66 67
 Tibial 8.2 ± 0.7 8.2 ± 0.7 n.s
 Femoral 8.7 ± 0.7 8.8 ± 0.7 n.s

Comorbidities (%) 0.00 (0.00) 54 0.00 (0.00) 58 n.s
IKDC current health (%) 54 54
 Physical functioning 78 ± 17 77 ± 21 n.s
 Social functioning 83 ± 20 82 ± 19 n.s
 Physical restrictions 59 ± 40 62 ± 40 n.s
 Emotional restrictions 87 ± 27 94 ± 18 n.s
 Mental health 84 ± 13 83 ± 14 n.s
 Vitality 73 ± 15 75 ± 15 n.s
 Pain 68 ± 20 66 ± 24 n.s
 Health perception 86 ± 12 84 ± 12 n.s
 Health change 49 ± 15 49 ± 12 n.s

Smoking 54 57 n.s
 Yes 9 (17) 10 (18)
 Stopped < 6 months ago 3 (6) 3 (5)
 Stopped > 6 months ago 3 (6) 5 (9)
 Never 39 (72) 39 (68)

IKDC S (%) 64 ± 15 54 58 ± 13 50 0.036
KOOS score (%) 54 54
 QoL 49 ± 18 47 ± 25 n.s
 Sports 48 ± 28 41 ± 28 n.s
 Symptoms 70 ± 21 67 ± 23 n.s
 ADL 90 ± 1 = 13 82 ± 16 0.004
 Pain 79 ± 16 72 ± 17 n.s

TAS 6 ± 3 54 6 ± 3 54 n.s
Sport level 54 57 n.s
 Professional athlete 4 (7) 3 (5)
 Elite amateur athlete 42 (78) 42 (74)
 Non-elite amateur athlete 7 (13) 11 (19)
 No sports 1 (2) 1 (2)

VAS pain
 In rest 2 ± 2 33 2 ± 2 37 n.s
 During activity 3 ± 2 48 5 ± 2 42 0.008

IKDC PE A: 14 (21) 67 A: 6 (9) 67 n.s
B: 4 (6) B: 5 (7)
C: 46 (69) C: 46 (69)
D: 3 (5) D: 10 (15)

Instrumented LM (mm) 3 ± 2 49 4 ± 2 57 n.s
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Normal distributed data are expressed as mean and standard deviation and non-normal distributed data as 
median and interquartile range (IQR). Categorical data are expressed as frequency and percentage
ADL activities of daily living, BMI Body Mass Index, IKDC International Knee Documentation Commit-
tee, IKDC S IKDC subjective score, IKDC PE IKDC physical examination score, instrumented LM side-to-
side difference of instrumented Lachman test, KOOS Knee injury and Osteoarthritis Outcome Score, LM 
Lachman test, LSI Leg Symmetry Index, N number of patients used for this analysis, QoL quality of life, 
TAS Tegner Activity Scale, VAS Visual Analog Scale

Table 1  (continued) SRTP group n SR group n P

Examination under anaesthesia (%)
 Positive anterior drawer test 100 67 100 67
 Positive Lachmann test 100 67 100 67
 Positive Pivot shift test 100 67 100 67

Fig. 2  Surgical technique for standard anterior cruciate ligament 
reconstruction with preservation of residual continuous but biome-
chanically insufficient ACL  tissuea. aResidual continuous biome-
chanically insufficient anterior cruciate ligament (ACL) tissue after 
debridement of all ruptured ACL fibre with anterolateral view (A) 

and anteromedial view (B), femoral ACL socket preparation (C), tib-
ial ACL socket preparation (D), advanced, fixed, and tensioned ACL 
graft (E), and probing of the biomechanically insufficient residual 
continuous ACL tissue overlaying the ACL graft
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bias from the centre towards the AM bundle attachment 
[26]. One surgeon (R.A.G.H), who has considerable expe-
rience in ACL reconstruction surgery, performed all surgical 
procedures. All patients received structured criteria-based 
rehabilitation protocol and were guided by their own sports-
physiotherapist accordingly [15].

Statistical analysis

To determine the statistical power of this study, a post hoc 
power analysis was performed for comparison of clinical 
failure rate between groups using a two-sided test. The total 
sample size of 67 per group achieved an adequate power 
1 − β of 0.97 with an α of 0.05. All continuous data met 
the criteria for normal distribution (Q–Q plot per covariate 
per group), were compared using the independent sample t 
test and are reported as mean and standard deviation (SD). 
Ordinal data were compared using the Chi-square test and 
are reported as frequency and percentage. The Mann–Whit-
ney–Wilcoxon test was used to compare IKDC PE scores 
between groups. The odds ratio between groups for clinical 
failure rate within 1-year and within 2-year follow-up was 
calculated.

Bonferroni–Holm correction for multiple testing to define 
the P value when a significant difference between groups 
was found, and was applied per table. The matching proce-
dure and all statistical analyses and were performed using 
SPSS Statistics 25 (IBM Corp., Armonk, NY, USA).

Results

Outcome measures

Overall, within index surgery and 1-year follow-up 10 
patients in the SRTP (15%) and 15 patients in the SR group 
(22%; n.s.), and within index surgery and 2-year follow-up 
15 patients in the SRTP (22%) and 24 patients in the SR 
group (40%; P = 0.032) were diagnosed to have a complica-
tion (Table 2). Statistically significant differences were found 
between groups for clinical failure rate within index surgery 
and 1-year follow-up (SRTP, 3%; SR, 13%; P = 0.028) and 
within index surgery and 2-year follow-up (SRPT, 3%; SR, 
23%; P = 0.001), in favour of the SRTP group. No statisti-
cally significant differences were found for other complica-
tions. The odds ratio for clinical failure within index surgery 
and 1-year follow-up was 8.02 (95% CI 0.041–0.956) and 
within index surgery and 2-year follow-up was 8.99 (95% 
CI 0.022–0.466) in the SR compared to the SRTP group.

Statistically significant differences were found between 
groups for overall repeat surgery rate within index surgery 
and 2-year follow-up (SRTP, 21%; SR, 37%; P = 0.049), 
and for revision ACL surgery rate within index surgery 
and 1-year (SRTP, 2%; SR, 10%; P = 0.029,) and within 
index surgery and 2-year follow-up (SRTP, 2%; SR, 18%; 
P = 0.001) (Table 3). No statistically significant differences 
were found for other types of repeat surgery.

For all patients that were without clinical failure, patient 
reported and/or clinical outcomes were available at 1-year 
follow-up (1-year lost to follow-up, 0%). Per group, for 18 
patients that were without clinical failure, no patient reported 
and clinical outcomes were available at 1-year follow-up 
(2-year lost to follow-up, 27%). No statistically significant 
differences were found for patient reported and clinical 

Table 2  Complication rate within 1-year and within 2-year follow-up

Data are expressed as frequency and percentage
N number of patients used for this analysis, SR standard anterior cruciate ligament reconstruction group, SRTP anterior cruciate ligament tissue 
preservation group

Within 1 year Within 2 years

SRTP group (n-67) SR group (n = 67) P SRTP group 
(n = 67)

SR group (n = 60) P

Patients with any complication(s) 10 (15) 15 (22) n.s 15 (22) 24 (40) 0.032
Clinical failure 2 (3) 9 (13) 0.028 2 (3) 14 (23) 0.001
Cyclops lesion 4 (6) 2 (3) n.s 7 (10) 6 (10) n.s
Scar tissue intercondylar notch 2 (3) 0 (0) n.s 3 (4) 0 (0) n.s
Impingement of ruptured graft fibers 0 (0) 2 (3) n.s 0 (0) 2 (3) n.s
Pain at the tibial button site 1 (2) 0 (0) n.s 1 (1) 1 (2) n.s
Meniscal lesion 1 (2) 2 (3) n.s 2 (3) 2 (3) n.s
Other 1 (2) 2 (3) n.s 2 (3) 3 (5) n.s
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outcomes at 1-year and at 2-year follow-up for patients that 
were without clinical failure (Table 4). All patients without 
a known complication or repeat surgery that were lost to 
follow up at 1-year and/or at 2-year follow-up for patient 
reported and clinical outcomes were contacted and had no 
history of recurrent instability or consultation in another 
institution regarding the index ACLR.

Discussion

The most important findings of the present study are 
that, within short-term 2-year follow-up, standard SB 
ACLR with preservation of residual continuous but bio-
mechanically insufficient ACL tissue led to a statistically 

Table 3  Repeat surgery rate within 1-year and within 2-year follow-up

Data are expressed as frequency and percentage
ACL anterior cruciate ligament, n number of patients used for this analysis, P P-value, SR standard anterior cruciate ligament reconstruction 
group, SRTP anterior cruciate ligament tissue preservation group

Within 1 year Within 2 years

SRTP group 
(n = 67)

SR group (n = 67) P SRTP group 
(n = 67)

SR group (n = 60) P

Repeat surgery overall 9 (13) 13 (19) n.s 14 (21) 22 (37) 0.049
Revision ACL reconstruction 1 (2) 7 (10) 0.029 1 (2) 11 (18) 0.001
Arthroscopy 6 (9) 4 (6) n.s 10 (15) 8 (13) n.s
Other 2 (3) 2 (3) n.s 3 (4) 3 (5) n.s

Table 4  Patient reported and clinical outcome measures at 1-year and 2-year follow-up

Data are expressed as mean and standard deviation or as frequency and percentage
ADL activities of daily living, IKDC International Knee Documentation Committee, IKDC S IKDC subjective score, IKDC PE IKDC physical 
examination, instrumented LM side-to-side difference in instrumented Lachman test, KOOS Knee injury and Osteoarthritis Outcome Score, QoL 
quality of life, SR standard anterior cruciate ligament reconstruction group, SRTP anterior cruciate ligament tissue preservation group, TAS Teg-
ner Activity Scale, VAS Visual Analog Scale, ROM range of motion

1-year follow-up 2-year follow-up

SRTP n SR n P SRTP n SR n P

IKDC S 90.9 ± 7.3 37 88.9 ± 12.1 34 n.s 91.4 ± 8.5 27 84.3 ± 18.3 28 n.s
KOOS 36 38 27 27
 QoL 81.1 ± 13.8 79.9 ± 14.0 n.s 83.3 ± 15.9 80.3 ± 15.3 n.s
 Sports 88.2 ± 13.2 87.6 ± 16.0 n.s 88.7 ± 11.9 89.6 ± 14.4 n.s
 Symptoms 90.6 ± 8.4 88.7 ± 14.7 n.s 87.4 ± 13.6 92.2 ± 11.5 n.s
 ADL 98.2 ± 4.4 98.2 ± 5.2 n.s 98.6 ± 3.4 98.3 ± 4.2 n.s
 Pain 95.7 ± 5.5 95.8 ± 8.1 n.s 96.0 ± 6.5 95.4 ± 7.8 n.s

TAS 8.3 ± 1.8 36 7.5 ± 2.1 38 n.s 8.3 ± 1.6 27 7.7 ± 2.3 23 n.s
VAS
 Satisfaction 90.6 ± 8.9 33 86.3 ± 18.9 36 n.s 91.7 ± 9.8 25 85.5 ± 21.3 22 n.s
 Pain in rest 1.5 ± 0.6 11 1.4 ± 0.7 11 n.s 1.1 ± 0.2 10 2.4 ± 2.7 12 n.s
 Pain during activity 1.9 ± 1.0 19 2.4 ± 2.1 19 n.s 1.8 ± 0.7 13 3.0 ± 2.5 14 n.s

IKDC PE A: 39 (60) 65 A: 29 (50) 58 n.s A: 39 (83) 47 A: 22 (63) 35 n.s
B: 22 (34) B: 28 (48) B: 8 (17) B: 12 (34)
C: 4 (6) C: 1 (2) C: 0 (0) C: 1 (3)
D: 0 (0) D: 0 (0) D: 0 (0) D: 0 (0)

Instrumented LM (mm) 1.7 ± 1.3 (0.0–5.0) 60 1.9 ± 1.0 (0.0–4.0) 52 n.s 1.3 ± 0.9 40 1.8 ± 1.3 27 n.s
Anterior drawer test Neg: 59 (98) Neg: 57 (100) n.s Neg: 40 (100) Neg: 27 (100) n.s

Pos: 1 (2) Pos: 0 (0) Pos: 0 (0) Pos: 0 (0)
LM test Neg: 58 (97) Neg: 56 (98) n.s Neg: 40 (100) Neg: 26 (96) n.s

Pos: 2 (3) Pos: 1 (2) Pos: 0 (0) Pos: 1 (4)
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significant lower clinical failure rate and ACL revision 
surgery rate compared to standard SB ACLR where no 
residual continuous ACL tissue could be preserved.

The definition of clinical ACLR failure can be subject to 
debate. While in the present study clinical failure (SR group; 
23%) was diagnosed based on a combination of subjective 
instability, findings at physical examination and/or graft rup-
ture, Getgood et al. reported clinical failure rate of 40% for 
SR based on findings at physical examination (pivot shift) 
or a graft rupture (on MRI or arthroscopic examination) and 
Mohtadi et al. reported a clinical failure rate of 26% for SR 
based on trauma mechanism and ACL graft integrity [27, 
28]. Furthermore, Wiggins et al., in a systematic review 
on this topic, reported ACL graft rupture rates between 6.3 
and 34.2% and revision ACL surgery rates between 3.5 and 
14.3% [29]. In general, reported revision ACL surgery rates 
were lower than ACL graft rupture rates. In the authors’ 
clinic, however, young active patients (reflecting the pop-
ulation of the present study) with an ACL graft rupture 
almost always undergo revision ACL surgery (SR group; 
18%). Moreover, Rousseau et al. reported a repeat surgery 
rate of 28% within 2-year follow-up in a cohort study with 
811 patients [30]. Therefore, for the SR group, both clinical 
failure as well as repeat surgery and revision ACL surgery 
rates reported in the present study seems to be on par whit 
that reported in the literature.

For the SRTP group, it is difficult to compare the reported 
clinical failure rate (SRTP group; 3%) with that reported in 
the literature; the vast number of papers on preservation of 
residual continuous ACL tissue focus on selective AM or 
PL bundle reconstruction [6, 9, 11, 31], those studies that 
do investigate continuous ACL tissue preservation using 
a standard ACLR technique (i.e., not selective AM or PL 
bundle reconstruction) either make no distinction between 
biomechanically sufficient or insufficient residual ACL tis-
sue [8, 32] or included only patients with biomechanically 
sufficient continuous residual ACL tissue [7, 10], or the few 
studies investigating ACLR with selective bundle recon-
struction that do have a control group do not report failure 
rates [4]. Nevertheless, the results of the present study show 
that preservation of residual continuous but biomechanically 
insufficient ACL tissue leads to a statistically significant 
reduction in clinical failure rate and revision ACL surgery 
rate, and these differences are clinically relevant; both com-
pared to the SR-group in the present study as well as that 
reported for ACLR in the literature.

Regarding other complications, although in the SRTP 
group more tissue is left in situ, thus increasing the tissue 
volume after ACLR in the femoral notch, the results of the 
present study support earlier findings that preservation of 
ACL tissue is not associated with an increase in the occur-
rence of a cyclops lesion [33] The exclusion of patients that 
had impingement of the residual ACL tissue in full knee 

extension to undergo ACLR with tissue preservation might 
have contributed to this.

In the present study, all of the patients had positive knee 
laxity tests under anaesthesia, implying that the residual 
ACL tissue had no (substantial) remaining biomechanical 
function. However, the definition if this is a ‘partial’ ACL 
tear is arbitrary and the clinical diagnose of ‘partial’ ACL 
tear remains challenging [31]. In the literature, the diagnosis 
of a partial ACL tear is based on clinical assessment, on the 
quality and quantity of residual ACL tissue, on arthroscopic 
evaluation, or on a combination of these [11, 31]. Therefore, 
it is probable that some studies investigating selective bundle 
augmentation of ‘partial’ ACL tears also included patients 
in whom the remaining ACL tissue had no (substantial) 
remaining biomechanical function, and a selective bundle 
reconstruction has been performed while a standard ACLR 
would have been indicated [8, 9, 11]. Conversely, in one 
study residual continuous ACL tissue that was deemed bio-
mechanically insufficient was debrided while this residual 
ACL tissue, considering the outcome of the present study, 
could have been left in situ and augmented with a standard 
SB ACLR [34]. The reported incidence of selective bundle 
reconstruction in partial ACL tears for patients undergoing 
ACLR lays between 2% [35] and 31% [36], which is lower 
than the reported incidence for SRTP in the present study, of 
39%. Therefore, this implies that in more patients than previ-
ously mentioned remaining continuous ACL tissue could be 
spared during ACLR procedures to reduce clinical failure 
and revision ACL surgery rate.

Besides the limitations that are inherent to all retrospective 
studies, some specific limitations apply to this study. First, 
although patients with known confounders were excluded, 
matching on more specific concomitant injuries and its treat-
ment (e.g. lateral/medial meniscus injury, meniscopexy or 
meniscectomy) could have contributed to reduction of bias 
due to concomitant injuries even further. Nevertheless, this is 
the first study to compare outcomes of SRTP to SR in which 
the study population was matched to avoid confounding factors 
to influence outcome. Second, the sample sizes in the present 
study are relatively small. However, the post hoc power analy-
sis indicates that statistically significant difference found in 
clinical failure rate between groups demonstrates the positive 
effect of preservation of the residual continuous but biome-
chanical insufficient ACL tissue on reduction of graft failure 
and revision ACL surgery. Furthermore, relative to comparable 
papers the sample size of this study is high and appears to 
have the best evidence regarding preservation of continuous 
but biomechanically insufficient ACL tissue on clinical fail-
ure and ACL revision surgery rate in ACLR surgery. Third, 
with 27%, the lost to follow up percentage concerning patients 
without clinical failure at 2-year after index surgery seems to 
be high. However, since this was a retrospective study, and 
the lost to follow up at 1-year after index surgery was 0%, it is 
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probable that this is related to patients not feeling the need to 
attend standard 2-year outpatient visits. Since these patients 
were contacted, and no signs of clinical failure were reported, 
this did not affect the reported complication and repeat surgery 
rates in the present study. Fourth, no universal criteria for deci-
sion-making in preservation of continuous residual ACL tissue 
have been defined. The indication for this in the present study 
was subjective and based on the decision of one orthopaedic 
surgeon. Although the results of the present study imply that 
it should not matter that the residual tissue is biomechanically 
insufficient, other criteria such as the necessity for the remain-
ing continuous ACL tissue to attach to the anatomical attach-
ment site or not, and the volume of the residual ACL tissue, 
might be of influence on clinical outcomes as well. In future 
research, guidelines should be used to determine whether, and 
if so to what extent, these factors influence outcomes of ACLR 
with preservation of remaining continuous but biomechanical 
insufficient ACL tissue.

Conclusion

This study shows that in ACLR surgery, preservation of 
residual continuous but biomechanical insufficient ACL tis-
sue might lead to lower clinical failure rate and ACL revision 
surgery rate within index surgery and 1-year, and within index 
surgery and 2-year follow-up compared to standard ACLR 
where no residual continuous ACL tissue could be preserved. 
In ACLR surgery, it might be considered to spare instead of 
to debride residual continuous but biomechanical insufficient 
ACL tissue to decrease failure and revision ACL surgery rate.
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