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Abstract

Purpose An enhanced understanding of anterior cruciate ligament (ACL) healing and advancements in arthroscopic instru-
mentation has resulted in a renewed interest in ACL repair. Augmentation of a ligament repair with suture tape reinforces
the ligament and acts as a secondary stabilizer. This study assesses the 5-year patient-reported outcomes of primary repair
with suture tape augmentation for proximal ACL tears.

Methods Thirty-seven consecutive patients undergoing ACL repair with suture tape augmentation for an acute proximal
rupture were prospectively followed up for a minimum of 5 years. Patients with midsubstance and distal ruptures, poor
ACL tissue quality, retracted ACL remnants and multiligament injuries were excluded. Patient-reported outcome measures
were collated using the Knee Injury and Osteoarthritis Outcomes Score (KOOS), Visual Analogue Pain Scale (VAS-pain),
Veterans RAND 12-Item Health Survey (VR-12) and the Marx Activity Scale. Patients with a re-rupture were identified.
Results Three patients were lost to follow-up leaving 34 patients in the final analysis (91.9%). The mean KOOS at 5 years
was 88.5 (SD 13.8) which improved significantly from 48.7 (SD 18.3) preoperatively (p <0.01). The VAS score improved
from 2.3 (SD 1.7) to 1.0 (SD 1.5) and the VR-12 score improved from 35.9 (SD 10.3) to 52.4 (SD 5.9) at 5 years (p<0.01).
However, the Marx activity scale decreased from 12.4 (SD 3.4) pre-injury to 7.3 (SD 5.2) at 5 years (p=0.02). Six patients
had a re-rupture (17.6%) and have since undergone a conventional ACL reconstruction for their revision surgery with no
issues since then. These patients were found to be younger and have higher initial Marx activity scores than the rest of the
cohort (p <0.05).

Conclusion Primary repair with suture tape augmentation for proximal ACL tears demonstrates satisfactory outcomes in 28
patients (82.4%) at 5-year follow-up. Six patients sustained a re-rupture and have no ongoing problems following treatment
with a conventional ACL reconstruction. These patients were significantly younger and had higher initial Marx activity scores.
Level of evidence Level IV.
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Introduction

Primary repair of the ACL was often the treatment for ACL
ruptures in the 1970s and 1980s [16, 42, 48]. However, fail-
ure rates of 25-53% were described at mid-term follow-up
[15, 18, 33] and ACL reconstruction became the gold stand-
ard treatment in the 1990s [5, 14]. Reconstruction remains
College ofMed%cal, Yeterinary and Life Sciences, University the gold standard today, despite a number of associated
gigizrﬁo‘zé} niversity Avenue, Glasgow G12 8QQ, problems including graft harvest morbidity and graft failure
, [1,4, 28—39, 32,41,47, 4?]. o ’
NHS Greater Glasgow & Clyde, Glasgow, Scotland, UK Recent improvements in arthroscopic instrumentation,
University of Strathclyde, Glasgow, Scotland, UK suture materials, imaging and rehabilitation protocols as
University of Stirling, Stirling, UK well as an advanced understanding of ACL healing has led
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to renewed interest in primary repair [34]. Better outcomes
have been demonstrated with primary repair of the ACL for
selected patients with a proximal ACL rupture when com-
pared to historic techniques [24, 26]. This avoids donor site
morbidity and in the event of revision surgery, a routine ACL
reconstruction can be performed. Primary repair means the
native ACL is spared thereby retaining the proprioceptive
fibres of the ACL which could be important for functional
recovery. It is thought that the loss of these fibres can lead
to a lack of confidence in the knee, which is a common com-
plaint of patients following ACL reconstruction, despite res-
toration of joint laxity [6, 8, 20].

This study describes the 5-year outcomes of anterior cru-
ciate ligament repair with suture tape augmentation. As far
as we are aware, this is the first study with this length of
minimum follow-up following this procedure. The hypoth-
esis of this study was that the patient-reported outcome
measures would be satisfactory 5 years postoperatively,
with fewer failures than the 25-53% described in historic
literature. This theory is through the addition of suture tape
augmentation, retaining the proprioceptive fibres of the ACL
and the avoidance of donor site morbidity [15, 18, 33].

Materials and methods

This study was granted institutional review board approval
by the University of Strathclyde (UEC19/24). Between 2011
and 2014, 37 patients with an acute proximal ACL rupture
who underwent ACL repair with suture tape augmentation
within 3 months of injury were included in this study. These
patients were prospectively followed up for a minimum of 5
years postoperatively. Patients with midsubstance and dis-
tal ACL ruptures or retracted ACL remnants in this time-
frame underwent a standard ACL reconstruction and were
excluded from this study. Patients with multiligament knee
injuries and chronic ruptures were excluded. Three patients
were lost to follow-up leaving 34 patients in the final analy-
sis (91.9%).

Mean follow-up was 68.0 (+6.0) months (range,
60-89 months). The mean age at the time of surgery was
37.8 (+15.5) years (range, 13-60). Eighteen patients were
male and sixteen patients were female.

Surgical technique

The ACL is probed to assess its suitability for primary repair.
Proximal ruptures of the ACL are repaired with suture tape
augmentation. A proximal tear was defined as having a long
enough distal remnant for reattachment to the femoral foot-
print which equates to type I and type II tears in the modified
Sherman classification described by Van der List et al. [46].
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The ACL remnant is left intact and a standard tibial ACL
guide is placed at the centre of the ACL footprint. A small
skin incision is made above the pes anserinus and a 3.5-
mm tibial tunnel is drilled. A suture is passed through the
midsubstance of the ACL stump using a suture passer and
retracted through the medial portal, forming a lasso around
the distal ACL stump. The femoral attachment is then iden-
tified, microfracturing is performed and a 3.5-mm femoral
tunnel is drilled. A femoral button loaded with suture tape
is subsequently transported proximally through the tibial
tunnel, the centre of the ACL and the femoral tunnel. The
suture tape is fixed distally, just below the tibial tunnel, using
a4.75 mm anchor loaded with both ends of the suture tape.

Patients are allowed to fully weight bear with crutches
as required during the first 2 weeks and physical therapy
focuses on early range of movement, muscle control and
restoration of function. No external bracing is required. This
is enabled by the limited pain and swelling, allowing accel-
erated early phase rehabilitation [23].

Clinical and functional evaluation

Patients were followed up in the outpatient clinic until
6 months postoperatively. All patients were evaluated
through manual clinical examination using Lachman and
pivot shift tests. No further testing was performed at that
time.

Patients were evaluated prospectively using the Surgi-
cal Outcome System (SOS, Arthrex, Naples, FL, USA).
SOS is a web-based tool which sends questionnaires and
Patient-Reported Outcome Measures (PROMs) by e-mail at
prescheduled time-points, after informed consent was given
by the patient preoperatively. Prior to introducing the SOS
system and analyzing the prospective follow-up data, per-
mission was sought from the local medical ethics committee.

The PROMs collected were the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) which is a validated out-
come score for patients following ACL surgery, the Visual
Analogue Pain Scale (VAS-pain) which is a validated scor-
ing system for pain around the knee, the Veterans RAND
12-Item Health Survey (VR-12) which is an established
scoring system with widespread use to assess a patients
physical and psychological health status and the Marx
Activity Scale which measures activity levels of patients
and is important in this patient population [9, 36, 39, 40].
These data were collected preoperatively and at 12, 24 and
60 months postoperatively. In addition, a standard question-
naire was completed to ask the patients who did not have any
further surgery on the ipsilateral knee about their overall
satisfaction with regards to reducing pain, improving move-
ment, resuming normal function and resuming sport. All of
the patients were also contacted by email/telephone at the
time of this analysis to collect data about any complications.
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Statistical analysis

Descriptive statistics were calculated to summarise the
demographics and clinical characteristics and described
with means and standard deviations with ranges. Analysis
of variance was used to compare the preoperative and post-
operative patient-reported outcome measures after exclusion
of any patients suffering from a re-rupture and confirma-
tion of normally distributed data using a Shapiro—Wilk test.
Tukey—Kramer testing was used to compare all pairs. Addi-
tional analyses were performed to compare the re-rupture
group and the rest of the patients. Results were considered
significant if p <0.05. All analyses were performed with
JMP, version 14 (SAS Institute Inc., Cary, NC, USA).

As this was a single cohort study with no control group,
a power calculation was not used to guide the study design.
Nonetheless, when analysing KOOS score, assuming a mean
outcome of 90 based on the literature for ACL reconstruc-
tion, with a standard deviation of 15 to detect a clinically
meaningful difference of 8% would require a sample of 28
patients, for a power of 0.8 and a significance level of 0.05.

Results

All patients were found to have a stable knee on manual
clinical examination (Grade 1A Lachman and Grade 0 pivot
shift tests) when reviewed in the outpatient clinic 6 months
postoperatively by the senior author. No further clinical test-
ing was performed. PROMS data were then used to assess
the longer term outcomes of these patients.

The mean KOOS at 5 years was 88.5 (SD 13.8) which
improved significantly from 48.7 (SD 18.3) preoperatively
(p<0.0001). All subscales of the KOOS demonstrated

Fig.1 Spider chart demonstrat-
ing significant improvements
at 5-year follow-up in all sub-
sections of the KOOS

KOOS QOL

KOOS Sport/Rec

KOOS Pain
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significant improvements at 5-year follow-up (p <0.0001)
as outlined in Fig. 1. No significant differences were seen
between the other postoperative time intervals.

The VAS for pain decreased significantly from 2.3 (SD
1.7) preoperatively to 1.0 (SD 1.5) at 5-year follow-up. No
significant differences were seen between the other postop-
erative time intervals.

The VR-12 physical score was 35.9 (SD 10.3) preopera-
tively and increased significantly to 52.4 (SD 5.9) at 5-year
follow-up (p <0.0001). The VR-12 mental score was 54.3
preoperatively and there was minimal change to 53.9 at
5-year follow-up (n.s.). No significant differences were seen
between the different postoperative time intervals.

The Marx activity scale decreased significantly from
12.4 (SD 3.4) pre-injury to 7.3 (SD 5.2) at 5-year follow-
up (p=0.02). There was very little change between 1 year,
2 years and 5 years postoperatively. The overall decrease
in the Marx activity scale postoperatively has also been
reported for patients undergoing ACL reconstruction [37,
44].

Six patients had suffered a re-rupture (17.6%) at the time
of this analysis following a significant trauma during sport.
All of these patients underwent a standard ACL reconstruc-
tion for their revision surgery and have had no issues since
then. Three patients (8.8%) underwent secondary meniscal
surgery (two partial medial meniscectomies and one partial
lateral meniscectomy) following new injuries playing sport.
No further complications or further surgery on the knee were
reported. The six patients in the re-rupture group were found
to be significantly younger (Mean age, 20.7 years) than the
rest of the patients as summarized in Fig. 2 (p =0.017). No
significant differences were found with gender.

In addition, there was a significant difference in the pre-
injury Marx Activity Scale between the re-rupture group
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Fig.2 Graph demonstrating the
significant differences in age
between the re-rupture group
and the rest of the patients

(14.6) and the other patients (12.3) as outlined in Fig. 3
(p=0.04). Furthermore, Fig. 3 demonstrates the return to
normal activity of the patients who have undergone a routine
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ACL reconstruction as their revision surgery.

Fig.3 Line graph demonstrat-
ing an overall decrease in the
Marx activity score and also a
significant difference between
the 2 groups
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Discussion

The most important findings of the present study were the
satisfactory patient-reported outcome measures in 82.4% of
patients undergoing ACL repair with suture tape augmen-
tation for acute proximal ACL ruptures at 5-year follow-
up. These patients have avoided the need for ACL recon-
struction and its associated graft site morbidity and loss of
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proprioceptive fibers from the native ACL. These outcomes
are better than the failure rates of 25-53% associated with
primary repairs of the ACL in the 1970s and 1980s which
was one of the reasons behind ACL reconstruction becoming
the gold standard surgical option for ACL ruptures [15, 18,
33]. However, there are no historical PROMs data for direct
comparison. The careful selection of patients undergoing
this procedure and the older population of our study group
may be contributory factors to the improvements. Neverthe-
less, the outcomes of the present study are similar to that
described for meniscal repair surgery where more than 80%
of patients do not require further surgery [19]. Importantly,
the tunnels associated with the technique in this study are
situated in the same position as the larger tunnels used for
hamstring or patellar tendon autografts in ACL reconstruc-
tion. As a result, the six failures of our ACL repair technique
have had a routine primary ACL reconstruction using auto-
graft without compromise of the knee joint and the addi-
tional complications associated with revision surgery [31].
In addition, there was no evidence of synovitis, erosions or
cyst formation on further imaging or at the time of revision
surgery. This addresses a major concern and highlights the
difference between the internal bracing technique used in
this study and traditional synthetic grafts [45].

Two-year outcomes for ACL repair with suture tape aug-
mentation in 42 patients undergoing surgery for an acute
proximal ACL rupture have previously been described
[24]. This paper demonstrated good patient-reported out-
come measures with a re-rupture rate of 4.8%. Jonkergouw
et al. recently published results of 56 patients with 2-year
follow-up with the latter 27 patients having additional suture
tape augmentation inserted [26]. This paper showed good
objective and subjective outcomes at follow-up which adds
to their previously published evidence in this area [10-12].
On the other hand, Gagliardi et al. recently reported high
failure rates with internal bracing; however, the mean age
of the small cohort of patients undergoing ACL repair was
13 years [21]. As far as we are aware, there are no studies in
the literature with the 5-year follow-up, we have described
for ACL repair with suture tape augmentation.

Survival rates in the present study are similar to the
5-year outcomes of the dynamic intraligamentary stabiliza-
tion ACL repair technique (80%), albeit that was a much
smaller cohort [13]. Our finding of increased failure rates
in young and more active patients are not surprising given
these findings have been reported in registry data for several
years in relation to traditional ACL reconstructions [2, 3,
17,22, 27, 35, 43, 50]. Additionally, the overall decrease
in the Marx activity scale postoperatively has previously
been reported for patients undergoing ACL reconstruction
[37, 44].

Nevertheless, the patients in this study underwent an iso-
lated ACL repair with suture tape augmentation between

2011-2014 which is around the time when the anterolat-
eral ligament (ALL) was being rediscovered [7]. Many of
the patients in this cohort, in particular those who suffered
from a re-rupture could have been deemed high risk and may
have benefited from an additional ALL repair with suture
tape augmentation to provide rotational stability [25]. Cur-
rent literature suggests that a combined ACL reconstruction
and ALL procedure is the treatment of choice for high-risk
patients [38].

There are several limitations associated with this study,
namely the lack of clinical testing and radiological assess-
ment at 5 years which is a major limitation. Furthermore, the
mean age in this cohort was 37.8 years and it could be these
older patients have not put the extra demand on the ACL that
a younger patient often does, which is also major limitation.
In addition, no comparisons can be made to ACL reconstruc-
tion procedures as there was no randomisation and all of the
patients within the inclusion criteria underwent ACL repair
with suture tape augmentation.

Conclusion

Primary repair with suture tape augmentation for proximal
ACL tears demonstrates satisfactory outcomes in 28 patients
(82.4%) at a minimum of 5 years following their surgery.
Six patients sustained a re-rupture, all of whom were subse-
quently treated with a standard ACL reconstruction with no
complications thereafter. These patients were significantly
younger and had higher initial Marx activity scores.

Author contributions GH was involved with the conception and design
of this study, interpretation of the data and drafted the manuscript. JA
and JJ were involved with the acquisition of data. WW analysed and
interpreted the data as well as revising and critically analyzing the man-
uscript. GM participated in the design of the study and helped draft the
manuscript. All authors have read and accepted the final manuscript.

Funding No funding was received for the conduction of this study.

Compliance with ethical standards

Conflict of interest Professor Mackay is a consultant for and receives
royalties from, Arthrex, Inc. All other authors have no conflicts of in-
terest to disclose.

Ethical approval Approval for the study was obtained through the insti-
tutional review board.

Informed consent Given by patients preoperatively.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,

@ Springer



258

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:253-259

provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

Ajuied A, Wong F, Smith C, Norris M, Earnshaw P, Back D et al
(2014) Anterior cruciate ligament injury and radiologic progres-
sion of knee osteoarthritis: a systematic review and meta-analysis.
Am J Sports Med 42:2242-2252

Andernord D, Desai N, Bjornsson H, Gillén S, Karlsson J, Samu-
elsson K (2015) Predictors of contralateral anterior cruciate liga-
ment reconstruction: a cohort study of 9061 patients with 5-year
follow-up. Am J Sports Med 43:295-302

Andernord D, Desai N, Bjornsson H, Ylander M, Karlsson J, Sam-
uelsson K (2015) Patient predictors of early revision surgery after
anterior cruciate ligament reconstruction: a cohort study of 16,930
patients with 2-year follow-up. Am J Sports Med 43:121-127
Anderson MJ, Browning WM, Urband CE, Kluczynski MA, Bis-
son LJ (2016) A systematic summary of systematic reviews on
the topic of the anterior cruciate ligament. Orthop J Sports Med
4:2325967116634074

Andersson C, Odensten M, Gillquist J (1991) Knee function after
surgical or nonsurgical treatment of acute rupture of the anterior
cruciate ligament: a randomized study with a long-term follow-up
period. Clin Orthop Relat Res (264):255-263

Barrett DS (1991) Proprioception and function after anterior cru-
ciate reconstruction. J Bone Joint Surg Br 73:833-837

Claes S, Vereecke E, Maes M, Victor J, Verdonk P, Bellemans J
(2013) Anatomy of the anterolateral ligament of the knee. J Anat
223:321-328

Co FH, Skinner HB, Cannon WD (1993) Effect of reconstruction
of the anterior cruciate ligament on proprioception of the knee
and the heel strike transient. J Orthop Res 11:696-704

Crossley KM, Bennell KL, Cowan SM, Green S (2004) Analysis
of outcome measures for persons with patellofemoral pain: which
are reliable and valid? Arch Phys Med Rehabil 85:815-822
DiFelice GS, van der List JP (2018) Clinical outcomes of arthro-
scopic primary repair of proximal anterior cruciate ligament tears
are maintained at mid-term follow-up. Arthroscopy 34:1085-1093
DiFelice GS, van der List JP (2017) Regarding “Acute proximal
anterior cruciate ligament tears: outcomes after arthroscopic
suture anchor repair versus anatomic single-bundle reconstruc-
tion.” Arthroscopy 33:693-694

DiFelice GS, Villegas C, Taylor S (2015) Anterior cruciate liga-
ment preservation: early results of a novel arthroscopic tech-
nique for suture anchor primary anterior cruciate ligament repair.
Arthroscopy 31:2162-2171

Eggli S, Roder C, Perler G, Henle P (2016) Five year results of
the first ten ACL patients treated with dynamic intraligamentary
stabilisation. BMC Musculoskelet Disord 17:105

Engebretsen L, Benum P, Fasting O, Mglster A, Strand T (1990)
A prospective, randomized study of three surgical techniques for
treatment of acute ruptures of the anterior cruciate ligament. Am
J Sports Med 18:585-590

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

. Engebretsen L, Benum P, Sundalsvoll S (1989) Primary suture

of the anterior cruciate ligament. A 6-year follow-up of 74 cases.
Acta Orthop Scand 60:561-564

England RL (1976) Repair of the ligaments about the knee.
Orthop Clin North Am 7:195-204

Faung P, Rahr-Wagner L, Lind M (2014) Risk for revision after
anterior cruciate ligament reconstruction is higher among adoles-
cents: results from the Danish Registry of Knee Ligament Recon-
struction. Orthop J Sports Med 2:2325967114552405

Feagin JA, Curl WW (1976) Isolated tear of the anterior cruciate
ligament: 5-year follow-up study. Am J Sports Med 4:95-100
Fillingham YA, Riboh JC, Erickson BJ, Bach BR, Yanke AB
(2017) Inside-out versus all-inside repair of isolated meniscal
tears: an updated systematic review. Am J Sports Med 45:234-242
Fridén T, Roberts D, Ageberg E, Waldén M, Zitterstrom R (2001)
Review of knee proprioception and the relation to extremity func-
tion after an anterior cruciate ligament rupture. J Orthop Sports
Phys Ther 31:567-576

Gagliardi AG, Carry PM, Parikh HB, Traver JL, Howell DR,
Albright JC (2019) ACL repair with suture ligament augmentation
is associated with a high failure rate among adolescent patients.
Am J Sports Med 47:560-566

Gans I, Retzky JS, Jones LC, Tanaka MJ (2018) Epidemiology
of recurrent anterior cruciate ligament injuries in National Colle-
giate Athletic Association Sports: the injury surveillance program,
2004-2014. Orthop J Sports Med 6:2325967118777823
Heusdens CHW, Hopper GP, Dossche L, Mackay GM (2018)
Anterior cruciate ligament repair using independent suture tape
reinforcement. Arthrosc Tech 7:¢747-e753

Heusdens CHW, Hopper GP, Dossche L, Roelant E, Mackay GM
(2019) Anterior cruciate ligament repair with independent suture
tape reinforcement: a case series with 2-year follow-up. Knee Surg
Sports Traumatol Arthrosc 27:60-67

Hopper GP, Aithie JMS, Jenkins JM, Wilson WT, Mackay GM
(2020) Combined anterior cruciate ligament repair and antero-
lateral ligament internal brace augmentation: minimum 2-year
patient-reported outcome measures. Orthop J Sports Med
8:2325967120968557

Jonkergouw A, van der List JP, DiFelice GS (2019) Arthroscopic
primary repair of proximal anterior cruciate ligament tears: out-
comes of the first 56 consecutive patients and the role of addi-
tional internal bracing. Knee Surg Sports Traumatol Arthrosc
27:21-28

Kaeding CC, Pedroza AD, Reinke EK, Huston LJ, Spindler KP,
Consortium M (2015) Risk factors and predictors of subsequent
ACL injury in either knee after ACL reconstruction: prospective
analysis of 2488 primary ACL reconstructions from the MOON
cohort. Am J Sports Med 43:1583-1590

Konrath JM, Vertullo CJ, Kennedy BA, Bush HS, Barrett RS,
Lloyd DG (2016) Morphologic characteristics and strength of the
hamstring muscles remain altered at 2 years after use of a ham-
string tendon graft in anterior cruciate ligament reconstruction.
Am J Sports Med 44:2589-2598

Kowalk DL, Duncan JA, McCue FC, Vaughan CL (1997) Anterior
cruciate ligament reconstruction and joint dynamics during stair
climbing. Med Sci Sports Exerc 29:1406-1413

Leiter JR, Gourlay R, McRae S, de Korompay N, MacDonald
PB (2014) Long-term follow-up of ACL reconstruction with
hamstring autograft. Knee Surg Sports Traumatol Arthrosc
22:1061-1069

Lind M, Menhert F, Pedersen AB (2012) Incidence and outcome
after revision anterior cruciate ligament reconstruction: results
from the Danish registry for knee ligament reconstructions. Am J
Sports Med 40:1551-1557


http://creativecommons.org/licenses/by/4.0/

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:253-259

259

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lohmander LS, Ostenberg A, Englund M, Roos H (2004) High
prevalence of knee osteoarthritis, pain, and functional limitations
in female soccer players twelve years after anterior cruciate liga-
ment injury. Arthritis Rheum 50:3145-3152

Lysholm J, Gillquist J, Liljedahl SO (1982) Long-term results after
early treatment of knee injuries. Acta Orthop Scand 53:109-118
Mackay GM, Blyth MJ, Anthony I, Hopper GP, Ribbans WJ
(2015) A review of ligament augmentation with the Internal-
BraceTM: the surgical principle is described for the lateral ankle
ligament and ACL repair in particular, and a comprehensive
review of other surgical applications and techniques is presented.
Surg Technol Int 26:239-255

Maletis GB, Chen J, Inacio MC, Funahashi TT (2016) Age-related
risk factors for revision anterior cruciate ligament reconstruction:
a cohort study of 21,304 patients from the Kaiser Permanente
anterior cruciate ligament registry. Am J Sports Med 44:331-336
Marx RG, Stump TJ, Jones EC, Wickiewicz TL, Warren RF
(2001) Development and evaluation of an activity rating scale for
disorders of the knee. Am J Sports Med 29:213-218
Nwachukwu BU, Voleti PB, Chang B, Berkanish P, Mahony GT,
Williams RJ et al (2017) Comparative influence of sport type on
outcome after anterior cruciate ligament reconstruction at mini-
mum 2-year follow-up. Arthroscopy 33:415-421

Rosenstiel N, Praz C, Ouanezar H, Saithna A, Fournier Y, Hager
JP et al (2019) Combined anterior cruciate and anterolateral liga-
ment reconstruction in the professional athlete: clinical outcomes
from the scientific anterior cruciate ligament network international
study group in a series of 70 patients with a minimum follow-up
of 2 years. Arthroscopy 35:885-892

Salavati M, Akhbari B, Mohammadi F, Mazaheri M, Khorrami M
(2011) Knee injury and Osteoarthritis Outcome Score (KOOS);
reliability and validity in competitive athletes after anterior cruci-
ate ligament reconstruction. Osteoarthritis Cartilage 19:406—410
Selim AJ, Rogers W, Fleishman JA, Qian SX, Fincke BG, Roth-
endler JA et al (2009) Updated U.S. population standard for the
Veterans RAND 12-item Health Survey (VR-12). Qual Life Res
18:43-52

Setuain I, Izquierdo M, Idoate F, Bikandi E, Gorostiaga EM,
Aagaard P et al (2017) Differential effects of 2 rehabilitation pro-
grams following anterior cruciate ligament reconstruction. J Sport
Rehabil 26:544-555

42.

43.

44,

45.

46.

47.

48.

49.

50.

Sherman MF, Bonamo JR (1988) Primary repair of the anterior
cruciate ligament. Clin Sports Med 7:739-750

Snaebjornsson T, Svantesson E, Sundemo D, Westin O, Sansone
M, Engebretsen L et al (2019) Young age and high BMI are pre-
dictors of early revision surgery after primary anterior cruciate
ligament reconstruction: a cohort study from the Swedish and
Norwegian knee ligament registries based on 30,747 patients.
Knee Surg Sports Traumatol Arthrosc 27(11):3583-3591
Spindler KP, Huston LJ, Wright RW, Kaeding CC, Marx RG,
Amendola A et al (2011) The prognosis and predictors of sports
function and activity at minimum 6 years after anterior cruciate
ligament reconstruction: a population cohort study. Am J Sports
Med 39:348-359

Tulloch SJ, Devitt BM, Norsworthy CJ, Mow C (2019) Syno-
vitis following anterior cruciate ligament reconstruction using
the LARS device. Knee Surg Sports Traumatol Arthrosc
27:2592-2598

van der List JP, DiFelice GS (2016) Preservation of the anterior
cruciate ligament: a treatment algorithm based on tear location
and tissue quality. Am J Orthop (Belle Mead NJ) 45:E393-E405
von Porat A, Roos EM, Roos H (2004) High prevalence of osteo-
arthritis 14 years after an anterior cruciate ligament tear in male
soccer players: a study of radiographic and patient relevant out-
comes. Ann Rheum Dis 63:269-273

Weaver JK, Derkash RS, Freeman JR, Kirk RE, Oden RR, Matyas
J (1985) Primary knee ligament repair—revisited. Clin Orthop
Relat Res (199):185-191

Xie X, Xiao Z, Li Q, Zhu B, Chen J, Chen H et al (2015) Increased
incidence of osteoarthritis of knee joint after ACL reconstruction
with bone-patellar tendon-bone autografts than hamstring auto-
grafts: a meta-analysis of 1,443 patients at a minimum of 5 years.
Eur J Orthop Surg Traumatol 25:149-159

Yabroudi MA, Bjornsson H, Lynch AD, Muller B, Samuelsson
K, Tarabichi M et al (2016) Predictors of revision surgery after
primary anterior cruciate ligament reconstruction. Orthop J Sports
Med 4:2325967116666039

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Satisfactory patient-reported outcomes at 5 years following primary repair with suture tape augmentation for proximal anterior cruciate ligament tears
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Surgical technique
	Clinical and functional evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




