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Abstract
Purpose: The posterior cruciate ligament (PCL) is an important stabilizer of the knee and can be damaged in up to
20% of ligamentous injuries. Numerous techniques for surgical treatment have been described in the literature with
none shown to be clearly superior. The aim of this study was to assess the 2-year outcomes of PCL repair with suture
tape augmentation.
Methods: Seventeen patients undergoing PCL repair with suture tape augmentation were prospectively followed
up for a minimum of two years. One patient was lost to follow-up leaving sixteen patients in the final analysis (94.1%).
Indications for this procedure were acute Grade III PCL ruptures, symptomatic chronic tears and PCL tears as part of
a multi-ligament injury. Exclusion criteria were patients with retracted PCL remnants or poor tissue quality. Patientreported outcomes were measured using the Knee Injury and Osteoarthritis Outcome Score (KOOS), Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC), Visual Analogue Pain Scale (VAS-pain), Veterans RAND 12
Item Health Survey (VR-12) and Marx Activity Scale. Patients with any postoperative complications were identified.
Mean differences between the outcomes pre-operatively and at two years postoperatively were evaluated using
paired t-tests with significance set at p < 0.05.
Results: The mean KOOS at 2 years was 87.0, 75.5, 93.0, 69.6 and 54.2 for pain, symptoms, ADL, sport/recreation
and QOL respectively. These improved significantly from 60.2, 49.8, 65.0, 33.0 and 34.2 preoperatively (p < 0.05). The
mean WOMAC scores at 2 years were 91.0, 78.3 and 93.0 for pain, stiffness and function respectively. These improved
significantly from 63.0, 51.7 and 65.0 preoperatively (p < 0.01). The VAS score improved from 3.0 to 0.8 (p < 0.01) and
the VR-12 score improved from 34.9 to 50.9 at 2 years (p < 0.001). However, the Marx activity scale decreased from 8.7
pre-injury to 6.3 at 2 years (N.S.). One patient (6.3%) suffered a re-rupture.
Conclusion: PCL repair with suture tape augmentation demonstrates satisfactory patient reported outcome measures at minimum 2-year follow-up. These figures compare favorably with success rates described in the literature for
PCL reconstruction techniques. Therefore, PCL repair with suture tape augmentation is an effective treatment option
in selected patients.
Level of evidence: IV
Keywords: Knee, PCL, PCL Rupture, PCL Repair

*Correspondence: graeme.hopper@glasgow.ac.uk
1
College, of Medical, Veterinary and Life Sciences, University of Glasgow,
University Avenue, Glasgow G12 8QQ, Scotland
Full list of author information is available at the end of the article
© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, 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/.

Hopper et al. J EXP ORTOP

(2021) 8:28

Introduction
Posterior cruciate ligament (PCL) injuries are commonly
caused by pre-tibial trauma, hyperflexion, and hyperextension of the knee [3]. Although isolated PCL injuries
are more common in athletes, many present with associated ligament injuries [1, 2]. Acute injuries present with
knee pain and swelling; with the posterior drawer test
most commonly used for clinical diagnosis. In general,
grade III injuries (≥10 mm posterior instability) or those
with combined collateral ligament injuries are considered for operative management [4].Numerous techniques
have been described in the literature for the surgical
management of patients with PCL ruptures [1, 2, 5, 11,
24]. Historically, primary PCL repair was the most common surgical option; however, PCL reconstruction procedures are now more commonly performed, following
the trend of managing injuries to the anterior cruciate
ligament (ACL).
Internal bracing of the PCL with suture tape augmentation, similar to ACL internal bracing, reinforces the
ligament and acts as a secondary stabilizer [13]. This
protects the ligament during the healing phase allowing natural healing whilst permitting early mobilization
and accelerated rehabilitation. Additionally, the need for
graft harvest is avoided, removing the potential morbidity associated with this. Moreover, the proprioceptive
properties that are retained in the native PCL could also
contribute to improved functional recovery and return to
sporting activity. Long term, this may have a beneficial
effect in preventing the development of early onset posttraumatic osteoarthritis.
The aim of this study is to report on the clinical outcomes of the cohort at minimum 2 years following PCL
repair with suture tape augmentation. We hypothesized
that there would be satisfactory patient-reported outcome measures at 2 years postoperatively.
Methods
Patient selection

Approval to conduct this study was sought from the
local medical ethics committee (RH030518). Between
February 2013 and August 2017, 17 patients with a PCL
rupture underwent PCL repair with suture tape augmentation. Indications for this procedure were acute grade III
PCL tears, symptomatic chronic tears and PCL tears as
part of a multi-ligament injury. Exclusion criteria were
patients with retracted PCL remnants or poor tissue
quality, who would require a conventional PCL reconstruction. All surgical procedures were performed by a
single surgeon.
One patient was lost to follow-up leaving 16 patients in
the final analysis (94.1%). With respect to injury patterns,
5 patients (31.3%) presented with multi-ligament injury
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(1 underwent ACL and PCL repair and 4 underwent PCL
repair and posterolateral corner repair) and 11 patients
(68.7%) presented with isolated PCL injuries. The mean
age at the time of surgery was 37 ± 11 years (range,
19-57) and all the patients were male. Mean follow-up
was 48 ± 11 months (range, 24-66 months).
Surgical technique

Standard anteromedial and anterolateral portals are
used with the addition of an accessory posteromedial
portal. The first step is to elevate the PCL and track
it down to its tibial insertion. The residual PCL fibers are retained and pushed posteriorly with the other
posterior structures allowing for a safe and adequate
exposure. An anteromedial incision is made over the
proximal tibia and a standard PCL guide is used to
drill a 3.5mm tunnel. The drill is advanced under direct
vision to minimize the risk of complication. The anterior tibial cortex is tapped and the drill is switched for
a FiberStick™ (Arthrex, Naples, FL). The F
 iberWire®
(Arthrex, Naples, FL) is grasped out of the FiberStick™
and taken through the anteromedial portal.
The insertion point of the PCL on the femur is then
identified and marked using electrosurgery to ensure
accuracy when the guide pin is passed. Reaming allows
easier passage of the femoral button (Retrobutton®
or TightRope RT®, loaded with F
 iberTape®, Arthrex,
Naples, FL) when it is shuttled from the anterolateral
portal directly through the tunnel. The suture tape is
then secured 1cm distal to the tibial tunnel using a
4.75mm SwiveLock® (Arthrex, Naples, FL) with the
knee in 90 degrees of flexion and an assistant providing anterior translation (maximum anterior drawer)
to hold the tibia in a reduced position with adequate
tension on the PCL. Prior to insertion the laser line
is marked which indicates the anatomical length of
the PCL. If there are any reservations the knee is put
through a full range of motion in the reduced position
prior to marking, as excessive tensioning can result in
difficulty achieving full extension. Securing the suture
tape distally is an essential step as this restores the
length of the anatomical PCL. Additionally, prior to
cutting the suture tape, anteroposterior stability is rechecked to confirm reduction and elimination of posterior sagging.
Patients are allowed to fully weight bear with
crutches as required during the first two weeks after
surgery. The perceived limited pain and swelling of this
procedure in comparison to other techniques allows
accelerated early phase rehabilitation with a focus
on early range of motion and restoration of function.
No external bracing is required. Most patients will
return to pivoting sports around 5-6 months following
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surgery when neuromuscular function has recovered.
No changes were made to the rehabilitation regime for
those with multi-ligament injuries which were repaired
simultaneously [7].
Clinical and functional evaluation

Patients were reviewed in the outpatient clinic until 6
months postoperatively, where stability and range of
motion was assessed.
After informed consent was given by the patients,
they were evaluated prospectively with the Surgical Outcome System (SOS, Arthrex, Naples, Fl, USA).
SOS is a web-based tool which sends questionnaires
and patient-reported outcome measures (PROMs) at
scheduled timepoints. Prior to introducing the SOS
system and analysing the prospective follow-up data,
permission was sought from the local medical ethics
committee.
The PROMs measured are the Knee Injury and
Osteoarthritis Outcome Score (KOOS) [18], Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) [15], Visual Analogue Pain Scale (VAS)
[3], Veterans RAND 12 Item Health Survey (VR-12)
[19], and Marx Activity Scale [14]. In addition to these
PROMs, all patients were asked about their overall satisfaction at 2-years postoperatively. This was subdivided
into 4 categories: pain, movement, function, and sports.
All the patients were also contacted by email/telephone
at the time of this analysis to collect data about any
complications.
Data analysis

KOOS subscales, WOMAC subscales, VAS-pain, VR-12
subscales and Marx activity scales were presented as
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means with standard deviations and ranges over the
course of the two-year follow up. Data normality was
assessed using the Shapiro-Wilk test, and once confirmed,
mean differences between the outcomes pre-operatively
and at two years postoperatively evaluated using paired
t-tests with significance set at p<0.05. As this was a single
cohort study with no control group, a power calculation
was not used to guide the study design. All analyses were
performed with SPSS 21.0 (IBM, New York, USA).

Results
All patients were found to have a stable knee on manual
clinical examination using a posterior drawer test when
reviewed in the outpatient clinic at 6 months postoperatively by the senior author. PROMs data was then used to
assess the longer-term outcomes of these patients.
The mean KOOS at 2 years was 87.0, 75.5, 93.0, 69.6
and 54.2 for pain, symptoms, ADL, sport/recreation and
QOL respectively. These improved significantly from
60.2, 49.8, 65.0, 33.0 and 34.2 preoperatively (p<0.05)
(Fig. 1). The mean WOMAC scores at 2 years were 91.0,
78.3 and 93.0 for pain, stiffness and function respectively.
These improved significantly from 63.0, 51.7 and 65.0
preoperatively (p<0.01) (Fig. 2).
The VAS score improved from 3.0 to 0.8 (p<0.01)
(Fig. 3) and the VR-12 score improved from 34.9 to 50.9
at 2 years (p<0.001) (Fig. 4).
There was a decrease seen in the Marx activity scale,
from 8.7 pre-injury to 6.3 at 2 years (N.S.).
The majority of patients were satisfied with the outcome of their PCL repair with suture tape augmentation
at 2-year follow-up. 81.3% of patients felt the surgery
exceeded or met their expectations with regards to reducing pain and improving movement and 87.5% with regards
to resuming their normal functions of daily living. 68.8%

Fig. 1 Spider chart demonstrating improvements at 2-year follow-up (orange line) in all sub-sections of the KOOS in comparison to the
preoperative score (blue line)
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Fig. 2 Spider chart demonstrating improvements at 2-year follow-up (orange line) in all sub-sections of the WOMAC score in comparison to the
preoperative score (blue line)

of patients felt the surgery exceeded or met their expectations with regards to resuming normal sporting activities
(Table 1).
Complications

Further surgery on the same knee was required in 2
patients (12.5%). One patient underwent microfracture

for a new osteochondral injury 2 years postoperatively.
The other patient suffered from a re-rupture and underwent a PCL reconstruction using allograft 3 years following initial surgery. No other complications or further
knee surgeries were reported. There were no significant
demographic or outcome differences between patients
requiring re-operation and the other patients in the
cohort.

Fig. 3 Chart demonstrating the VAS-pain scores at the different time intervals
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Fig. 4 Chart demonstrating the VR-12 physical scores at the different time intervals

Discussion
The main finding in this study was the encouraging
2-year follow-up results of this novel technique of PCL
repair with suture tape augmentation. There were significant improvements in all aspects of the KOOS and
WOMAC scores as well as a significant reduction in
the VAS for pain and a significant increase in the VR-12
physical score. There was a decrease in the Marx score
postoperatively, though this was not statistically significant. Although this decrease in the Marx score has
not been studied following PCL repairs, this has been
reported following ACL repair and ACL reconstruction [6, 20]. In our cohort, only 1 patient (6.3%) suffered from a re-rupture and subsequently underwent
a PCL reconstruction with no complications reported
thereafter.
Suture tape augmentation reinforces the ligament, acts
as a secondary stabilizer and protects the ligament during
the healing phase which allows natural healing and early

mobilization. Furthermore, the morbidity associated with
graft harvest is avoided leading to a reduction in muscle
atrophy postoperatively, thereby accelerating rehabilitation. Moreover, the proprioceptive properties that are
retained in the native PCL could benefit long-term recovery and return to sporting activity [13]. Additionally, the
tunnels associated with this PCL repair technique are
situated in the same position as the larger tunnels used
for autografts or allografts in PCL reconstruction. As
a result, the revision surgery is without the additional
complexity often associated with revision following PCL
reconstruction [12]. 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 [23].
PCL repair was originally performed as an open procedure with inconsistent results [8, 17, 21]. More recently,

Table 1 Overall satisfaction of patients at 2-year follow-up
Pain
(% patients)

Movement
(% patients)

Function
(% patients)

Sports
(% patients)

Exceeded expectations

37.5

31.3

31.3

18.8

Met expectations

43.8

50

56.2

50

Did not meet expectations

18.7

18.7

12.5

31.2
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arthroscopic PCL repair has been described using a number of different techniques. These have shown promise,
with satisfactory patient reported outcomes following
repair after PCL soft tissue avulsion injuries [25]. A small
case series utilizing suture anchors to repair PCL soft tissue peel-off injuries also reported satisfactory outcomes
[5]. There has also been the description of a technique
similar to ours, with PCL repair and augmentation with
an internal brace [24]. Furthermore, Otto et al. [16]
described their results of internal bracing of acute PCL
lesions with minimum follow-up of 12 months but they
were only able to include 14 of 27 patients. Nonetheless,
there are no clinical outcome results of arthroscopic PCL
repair with suture tape augmentation with 2-year followup in the literature.
The results we have described show significantly better outcomes than historical papers investigating PCL
repairs. Hughston et al. [8] found good objective and
subjective results in 65 and 90% of patients respectively.
However, all patients in their population presented with
multi-ligament injury with only 55% of patients having
proximal tears. Posterior knee instability is a common
problem postoperatively with it being reported in 100%
of patients in one study [17]. Although this may not be
inherently linked to subjective outcomes, with half of
patients in a study having posterior instability, despite
81% of patients reporting good or excellent subjective
outcomes [21].
As PCL reconstruction techniques are more commonly
performed, several clinical outcomes studies have been
published. A systematic review comparing single-bundle
versus double-bundle PCL reconstruction conveyed significantly improved posterior stability and International
Knee Documentation Committee (IKDC) scores in the
double-bundle group [2]. Another systematic review
compared PCL reconstruction with allograft versus autograft and demonstrated improved clinical outcomes in
each group with no differences between the groups [1]. A
review comparing PCL reconstruction to PCL augmentation found comparable results in each group [4]. The
augmentation procedures analyzed included a remnant
posterior cruciate ligament-augmenting stent procedure
and double-bundle augmentation with Achilles allograft
[10, 26].
Our results are more comparable to the studies following conventional PCL reconstruction techniques [1, 2, 4].
However, comparison can be difficult as these studies utilised different measures for patient reported outcomes.
They used the IKDC Score [9], Lysholm and Tegner
scores [22] while we did not use any of these patientreported outcome measures.
In those patients that have undergone PCL reconstruction, the mean age was 29.7 years [2] compared to
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a mean age of 37 years in our population. There are several theories to explain this discrepancy. Firstly, injury
patterns may be different between these two groups.
For an injury to be amenable to PCL repair with suture
tape augmentation, the ligament remnant needs to be
of good quality and non-retracted. This is more common with proximal PCL ruptures and may be a more
common occurrence in an older population. Postoperatively, older patients may not put the extra demand on
the PCL compared to a younger patient and this may be
reflected in the outcomes. However, the Marx activity
scores indicate that the patients in this cohort are physically active.
There are several limitations associated with this
study, including the lack of clinical testing at 2 years
and the absence of radiological assessment. In addition, the majority of our outcome scores capture preoperative rather than pre-rupture data. Subsequently,
it can be difficult to analyze how close to previous
normal function patients are postoperatively, as is the
goal of the repair. Moreover, a number of our patients
have torn their PCL as part of a multi-ligament injury.
Although this is similar to the figures described in historic PCL literature and it is known that most PCL
injuries are associated with multi-ligament injuries to
the knee. Nonetheless, we did not find any differences
between the isolated PCL group and the multi-ligament
group. In addition, no direct comparisons can be made
to PCL reconstruction procedures as there was no randomization and all of the patients within the inclusion
criteria underwent PCL repair with suture tape augmentation. We also have a small patient cohort and a
more powered study would allow us to make stronger
conclusions. Many studies involving PCL injuries
report on relatively small patient numbers, largely due
to the low incidence of PCL rupture compared to ACL
rupture.
This study indicates that PCL repair with suture tape
augmentation is an acceptable alternative operative treatment to conventional PCL reconstruction techniques in
appropriate cases. However, further clinical studies are
necessary with larger patient numbers and longer followup as well as randomized studies to further assess these
encouraging early results.

Conclusion
This is the first case series that describes minimum 2-year
follow-up results of patients with a PCL injury treated
with a suture tape augmentation repair technique. There
was a significant improvement in patient reported outcome measures at 2 years postoperatively. This shows
that PCL repair with this technique is an effective treatment option in suitable patients.

Hopper et al. J EXP ORTOP

(2021) 8:28

Acknowledgements
N/A
Informed consent
Given by patients preoperatively
Authors’ contributions
GH was involved with the conception and design of this study, interpretation of the data and drafted the manuscript. AI and JJ were involved with the
acquisition of data. WW analysed and interpreted the data as well as revising
and critically analyzing the manuscript. GM participated in the design of the
study and helped draft the manuscript. All authors read and approved the
final manuscript.
Funding
N/A

Declarations
Ethics approval and consent to participate
Approval for the study was obtained through the institutional review board.
Competing interests
Professor Mackay is a consultant for and receives royalties from, Arthrex, Inc.
All other authors have no conflicts of interest to disclose.
Author details
1
College, of Medical, Veterinary and Life Sciences, University of Glasgow,
University Avenue, Glasgow G12 8QQ, Scotland. 2 University of Alabama,
Tuscaloosa, USA. 3 NHS Greater Glasgow & Clyde, Glasgow, UK. 4 University
of Strathclyde, Glasgow, UK. 5 University of Stirling, Stirling, UK.
Received: 17 December 2020 Accepted: 17 February 2021

References
1. Belk JW, Kraeutler MJ, Purcell JM, McCarty EC (2017) Autograft versus
allograft for posterior cruciate ligament reconstruction: an updated
systematic review and meta-analysis. Am J Sports Med. https://doi.org/
10.1177/0363546517713164
2. Chahla J, Moatshe G, Cinque ME, Dornan GJ, Mitchell JJ, Ridley TJ et al
(2017) Single-bundle and double-bundle posterior cruciate ligament
reconstructions: a systematic review and meta-analysis of 441 patients at
a minimum 2 years’ follow-up. Arthroscopy 33:2066–2080
3. 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
4. Del Buono A, Radmilovic J, Gargano G, Gatto S, Maffulli N (2013) Augmentation or reconstruction of PCL? A quantitative review. Knee Surg
Sports TraumatolArthrosc 21:1050–1063
5. Difelice GS, Lissy M, Haynes P (2012) Surgical technique: when to arthroscopically repair the torn posterior cruciate ligament. ClinOrthopRelat Res
470:861–868
6. 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 TraumatolArthrosc 27:60–67
7. Hopper GP, Heusdens CHW, Dossche L, Mackay GM (2019) Posterior cruciate ligament repair with suture tape augmentation. Arthrosc Tech 8:e7–e10
8. Hughston JC, Bowden JA, Andrews JR, Norwood LA (1980) Acute tears
of the posterior cruciate ligament. Results of operative treatment. J Bone
Joint Surg Am 62:438–450
9. Irrgang JJ, Anderson AF, Boland AL, Harner CD, Kurosaka M, Neyret P et al
(2001) Development and validation of the international knee documentation committee subjective knee form. Am J Sports Med 29:600–613
10. Jung YB, Jung HJ, Song KS, Kim JY, Lee HJ, Lee JS (2010) Remnant posterior cruciate ligament-augmenting stent procedure for injuries in the
acute or subacute stage. Arthroscopy 26:223–229

Page 7 of 7

11. Lee DY, Park YJ (2017) Single-bundle versus double-bundle posterior cruciate ligament reconstruction: a meta-analysis of randomized controlled
trials. Knee SurgRelat Res 29:246–255
12. 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
13. Mackay GM, Blyth MJ, Anthony I, Hopper GP, Ribbans WJ (2015) A review
of ligament augmentation with the InternalBrace: 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. SurgTechnolInt 26:239–255
14. 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
15. McConnell S, Kolopack P, Davis AM (2001) The Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC): a review of its utility and measurement properties. Arthritis Rheum 45:453–461
16. Otto A, Helal A, Imhoff FB, Mehl J, Herbst E, Achtnich AE et al (2020)
Promising clinical and magnetic resonance imaging results after internal
bracing of acute posterior cruciate ligament lesions in multiple injured
knees. Knee Surg Sports TraumatolArthrosc 28:2543–2550
17. Pournaras J, Symeonides PP (1991) The results of surgical repair of acute
tears of the posterior cruciate ligament. Clin Orthop Relat Res (267):103-7
18. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD (1998) Knee
injury and osteoarthritis outcome score (KOOS)–development of a selfadministered outcome measure. J Orthop Sports PhysTher 28:88–96
19. Selim AJ, Rogers W, Fleishman JA, Qian SX, Fincke BG, Rothendler 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
20. 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
21. Strand T, Mølster AO, Engesaeter LB, Raugstad TS, Alho A (1984)
Primary repair in posterior cruciate ligament injuries. ActaOrthopScand
55:545–547
22. Tegner Y, Lysholm J (1985) Rating systems in the evaluation of knee ligament injuries. Clin Orthop Relat Res (198):43-9
23. Tulloch SJ, Devitt BM, Norsworthy CJ, Mow C (2019) Synovitis following
anterior cruciate ligament reconstruction using the LARS device. Knee
Surg Sports TraumatolArthrosc 27:2592–2598
24. van der List JP, DiFelice GS (2017) Arthroscopic primary posterior cruciate
ligament repair with suture augmentation. Arthrosc Tech 6:e1685–e1690
25. Wheatley WB, Martinez AE, Sacks T, Schurhoff MR, Uribe JW, Hechtman KS
et al (2002) Arthroscopic posterior cruciate ligament repair. Arthroscopy
18:695–702
26. Yoon KH, Bae DK, Song SJ, Lim CT (2005) Arthroscopic double-bundle
augmentation of posterior cruciate ligament using split Achilles allograft.
Arthroscopy 21:1436–1442

Publisher’s Note

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

