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Recent advances in ligamentous, meniscal and joint-preserving knee 
surgery: Pushing the limits
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Significant advances in arthroscopic and minimally invasive
techniques have changed knee surgery over the past decades. In
addition, many scientific studies have been performed, improv-
ing our understanding of knee structures and their role in the
joint function. Knee surgery is in a period of rapid transforma-
tion with new therapeutic tools and modern treatments. Surgeons
face the challenge of meeting patients’ expectation to restore their
knee joint function with painless procedures, durable results and
fast recovery. Contemporary literature highlights the important
role of joint-preserving knee surgery in optimising outcomes for
patients. Let us explore in this issue what this means for early knee
osteoarthritis, ACL and meniscus treatment.

1. Osteotomy

Over the last decade, orthopedic surgeons experienced the 
rebirth of their oldest procedure; knee osteotomy. The addition of 
new technologies to the extensive knowledge collected by surgery’s 
pioneers, has led to the increasing popularity of modern osteotomy 
strategies as well as their spread across the globe [1]. In the present 
journal, Miettinen et al. [2] report an excellent survival rate (78% at 
ten years) using modern implants. However, our understanding of 
this procedure remains very limited. The papers published in this 
OTSR issue will provide insights to improve patient outcomes.

Osteotomy planning requires a definition of normality among 
healthy individuals, with most of the literature on the subject con-
sisting of small series of arthritic patients and some rare studies 
focusing on what lower-limb alignment “is” within the Caucasian 
population. In this present issue, Siboni et al. [3] exhibited that 
neutral lower-limb alignment, resulting from a valgus femur and a 
varus tibia, was the most common morphotype in Caucasian indi-
viduals, allowing a “normal” range of bony anatomy to be defined 
and used in various knee surgery.

Planning an osteotomy also requires a mechanical vs. anatom-
ical compromise, indeed, the surgeon will aim to correct articular 
biomechanical issues by correcting bone anatomy.

Certainly, the planning session estimates the angle needed to 
shift the weight bearing line (Mikulicz line [4]) in the proximal 
metaphysis of the tibia, from a preoperative position to a virtual 
“postoperative” position above the tibial plateau. The intersection 
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between the Mikulicz line and plateau is called the Fujisawa point 
which is expressed as a percentage of the global tibial width.

Tripon et al. [5], simplify the need for a complex ratio calcula-
tion by defining that the lateral spine can be used as a very robust
andmark for the 55% of Fujisawa (most commonly used reference
oint in planning of varus knee osteotomies).

Finally, various surgical enhancement have been suggested in
he last year, for instance patient specific cutting guides are mostly
dvised for use in complex cases [6], when navigation is no longer
ainstream[7]. The manuscript proposed by Elhinger et al. [8],

emonstrated that optimal planning is equivalent to intraopera-
ive use of navigation to obtain accurate correction of the tibial

etaphysis.

. Meniscus

In 2022 the understanding of the meniscus anatomy [9], biome-
hanics [10], and pathologies is certainly at the forefront of
rthopaedic discussions. In terms of anatomy, numerous ligaments
ttaching the meniscus to the tibia have been highlighted. Mar-
ani et al. [10] reported that meniscal extrusion is not only due
o root lesions but also related to meniscotibial ligament injuries.
hus, they should be considered at presence, given we possess the
nowledge to identify, treat, and repair root lesions.

During ACL reconstruction, ramp lesions of the medial menis-
us are seen in 22% of cases [11]. Surgical treatment is technically
emanding. It often requires a posteromedial approach but a dou-
le posteromedial approach [12] (or a transseptal approach [13]) is
better option in terms of access, visualisation, and suture place-
ent.
Complex lesions such as radial tears of the lateral meniscus

hould be repaired, even if located in the anterior portion and
elated to horizontal cleavage [14]. Complex lesions can be repaired
ith good success rates [15].

When the meniscus is absent or irreparable, some salvage pro-
edures exist. Wrapping techniques [16] may help surgeons treat
ertain complex lesions in young patients [17]. However, investi-
ations on patients are required to determine proper indications
nd limits.

Meniscectomy is still one of the most popular and frequent
rthopaedic procedures in the world, despite the outstanding num-
er of scientific guidelines and consensus against it [18,19]. The
cientific literature also indicates the advantages of meniscal repair
rocedures and preservation of traumatic tears and non-removal

rocedures, rather than meniscectomy in degenerative meniscal

esions. Furthermore, the gap between scientific recommendations,
onsensus between expert opinions and daily practice remains
igh. The issues around reimbursement of meniscal suture devices
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in France are new and the impact of this on the indications in 
meniscus surgery must be carefully addressed. Scientific research 
and investigations should continue in order to repair menisci when 
indicated, for the benefit of the patient.

3. Anterior cruciate ligament

Not all anterior cruciate ligament (ACL) injuries are created
equal, nor are all ACL deficient patients one and the same. There has
been increasing recognition of the spectrum of laxity seen in ACL
injured knees. Ongoing work to identify factors contributing to this
spectrum could help inform individualised treatment strategies for
ACL injured patients.

In this issue of the Journal, the article by Ahn et al. [20],
explores the contributions of the anterolateral ligament and the
anterolateral capsule in controlling tibial internal rotation, ante-
rior translation and varus angulation. Importantly, the iliotibial
band was preserved in the cadaveric model. The authors eloquently
highlight increasing laxity with sequential sectioning of these sec-
ondary stabilisers. Accurately and reliably identifying and grading
injury to these structures (radiologically or otherwise) in the clini-
cal environment remains challenging. Progress in doing so will be
important to refine decision making at the individual patient level.
Recent clinical trials have highlighted the efficacy of anterolateral
procedures in a subset of ACL injured patients, however, continued
refinement as to the specific indications for anterolateral surgery
is required.

There has been renewed interest and an ever-growing body
of evidence regarding ACL repair in selected patients using con-
temporary surgical repair techniques. This further reinforces the
concept that not all ACL injuries are the same. Despite the advan-
tages of a successful ACL repair, failure remains a concern and the
indications are relatively narrow. The manuscript of Cao et al. [21]
explores the potential for biological augmentation to reduce fail-
ure rates and thereby potentially expand the role of ACL repair. The
challenges ahead in researching the optimal biological augmenta-
tion and specific indications for ACL repair are highlighted in the
review. The wide variety of options for biological augmentation is
demonstrated in the literature, as are the differing thresholds for
ACL repair and definitions of failure. Encouragingly, the authors
found a reduction in the proportion of patients with a side-to-side
difference of >3 mm when biological augmentation was used and
further, improved patient-reported outcomes. This is an important
manuscript in a rapidly growing field. It is anticipated that updated
systematic reviews in years to come will have much larger numbers
and allow comparison between specific biological interventions.

Disclosure of interest

MO is an educational consultant for Arthrex, Stryker and New-
clip.

LB declares that he has no competing interest.
JM is associate editor of Orthopaedics & Traumatology:Surgery

& Research, and received financial support from Stryker and Smith
& Nephew, unrelated to the present article.

NP is an occasional education consultant for ZimmerBiomet,
Lima, Smith&Nephew and Stryker.

References

[1] Kawata M, Sasabuchi Y, Inui H, Taketomi S, Matsui H, Fushimi K, et al. Annual
trends in knee arthroplasty and tibial osteotomy: analysis of a national database

in Japan. The Knee 2017;24:1198–205.

[2] Miettinen SS, Miettinen HJ, Jalkanen J, Joukainen A, Kröger H. Survival
and failure analysis of 167 medial opening wedge high tibial osteotomy
with a locking titanium plate. Orthop Traumatol Surg Res 2022;103228,
http://dx.doi.org/10.1016/j.otsr.2022.103228.
[3] Siboni R, Vialla T, Joseph E, LiArno S, Faizan A, Martz P, et al.
Coronal and sagittal alignment of the lower limb in Caucasians: anal-
ysis of a 3D CT database. Orthop Traumatol Surg Res 2022;103251,
http://dx.doi.org/10.1016/j.otsr.2022.103251.

[4] Mikulicz J. Ueber individuelle Formdiferenzen am Femur und an der Tibia
des Meschen. Mit Berucksichtigung der Statik des Kniegelenks. Arch f Anat
U Entwickungsgesch 1878:351–404.

[5] Tripon M, Sautet P, Argenson J-N, Jacquet C, Martz P, Ollivier M.
Is the lateral tibial spine a reliable landmark for planning tibial or
femoral valgus osteotomies? Orthop Traumatol Surg Res 2022:103253,
http://dx.doi.org/10.1016/j.otsr.2022.103253.

[6] Munier M, Donnez M, Ollivier M, Flecher X, Chabrand P, Argenson JN, et al. Can
three-dimensional patient-specific cutting guides be used to achieve optimal
correction for high tibial osteotomy? Pilot study. Orthop Traumatol Surg Res
2017;103:245–50.

[7] Tardy N, Steltzlen C, Bouguennec N, Cartier JL, Mertl P, Batailler C,
et al. Is patient-specific instrumentation more precise than conven-
tional techniques and navigation in achieving planned correction
in high tibial osteotomy? Orthop Traumatol Surg Res 2020;106:
S231–6.

[8] Nicolau X, Jenny JY, Bonnomet F, Ollivier M, Favreau H, Ehlinger M. Accuracy
of the correction achieved after a valgus high tibial osteotomy: comparison of
the Hernigou table and navigation. Orthop Traumatol Surg Res 2022:103241,
http://dx.doi.org/10.1016/j.otsr.2022.103241.

[9] Michel PA, Domnick CJ, Raschke MJ, et al. Age-related changes in the microvas-
cular density of the human meniscus. Am J Sports Med 2021;49:3544–50.

10] Mariani PP, Torre G, Battaglia MJ. The posttraumatic extrusion, sign
of meniscotibial ligament injury. A case series [published online
ahead of print, 2022 Feb 2]. Orthop Traumatol Surg Res 2022:103226,
http://dx.doi.org/10.1016/j.otsr.2022.103226.

11] Kunze KN, Wright-Chisem J, Polce EM, DePhillipo NN, LaPrade RF, Chahla J.
Risk factors for ramp lesions of the medial meniscus: a systematic review and
meta-analysis. Am J Sports Med 2021;49:3749–57.

12] Toanen CSM, Beaufils P, Pujol N. Ramp lesion repair via dual posterome-
dial arthroscopic portals: A cadaveric feasibility study [published online
ahead of print, 2021 Dec 11]. Orthop Traumatol Surg Res 2021:103175,
http://dx.doi.org/10.1016/j.otsr.2021.103175.

13] Ahn JH, Lee YS, Ha HC. Arthroscopic management of the postero-medial or
postero-lateral capsule tear in the knee joint: technical note. Knee Surg Sports
Traumatol Arthrosc 2008;16:24–8.

14] Kim HKJ, Bin SI, Lee BS. Radial tears in the anterior third of the lateral
meniscus are frequently combined with horizontal tears [published online
ahead of print, 2022 Jan 29]. Orthop Traumatol Surg Res 2022:103223,
http://dx.doi.org/10.1016/j.otsr.2022.103223.

15] Billières J, Pujol N. Meniscal repair associated with a partial meniscec-
tomy for treating complex horizontal cleavage tears in young patients may
lead to excellent long-term outcomes. Knee Surg Sports Traumatol Arthrosc
2019;27:343–8, http://dx.doi.org/10.1007/s00167-018-5219-5.

16] Ciemniewska-Gorzela KBP, Naczk J, Jakob R, Piontek T, et al. Complex meniscus
tears treated with collagen matrix wrapping and bone marrow blood injection:
clinical effectiveness and survivorship after a minimum of 5 years’ follow-up.
Cartilage 2021;13:228S–38S.

17] Kondo EKY, Yokota M, et al. Implantation of autogenous meniscal fragments
wrapped with a fascia sheath induces fibrocartilage regeneration in a large
meniscal defect in sheep: a histological and biomechanical study [published
online ahead of print, 2022 Jan 29]. Orthop Traumatol Surg Res 2022:103225,
http://dx.doi.org/10.1016/j.otsr.2022.103225.

18] Beaufils P, Hulet C, Dhenain M, Nizard R, Nourissat G, Pujol N. Clinical practice
guidelines for the management of meniscal lesions and isolated lesions of the
anterior cruciate ligament of the knee in adults. Orthop Traumatol Surg Res
2009;95:437–42.

19] Kopf S, Beaufils P, Hirschmann MT, Rotigliano N, Ollivier M, Pereira H, et al. Man-
agement of traumatic meniscus tears: the 2019 ESSKA meniscus consensus.
Knee Surg Sports Traumatol Arthrosc 2020;28(4):1177–94.

20] Hyun Ahn J, Jun Koh I, McGarry MH, Patel NA, Lin CC, Lee TQ. Synergistic effect
of the anterolateral ligament and capsule injuries on the knee laxity in anterior
cruciate ligament injured knees: a cadaveric study. Orthop Traumatol Surg Res
2022;103224, http://dx.doi.org/10.1016/j.otsr.2022.103224.

21] Cao Y, Zhang Z, Song G, Ni Q, Zheng T, Li Y. Biological enhance-
ment methods may be a viable option for ACL arthroscopic primary
repair - A systematic review. Orthop Traumatol Surg Res 2022;103227,
http://dx.doi.org/10.1016/j.otsr.2022.103227.

Matthieu Ollivier
Aix Marseille Univ, AP-HM, CNRS, ISM,

Sainte-Marguerite Hôpital, Institut du Mouvement,
Département d’Orthopédie et de Traumatologie,

Marseille, France
Lachlan Batty
OrthoSport Victoria, 89 Bridge Rd, Richmond, 3121

Victoria, Australia

http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0110
dx.doi.org/10.1016/j.otsr.2022.103228
dx.doi.org/10.1016/j.otsr.2022.103251
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0125
dx.doi.org/10.1016/j.otsr.2022.103253
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0135
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0140
dx.doi.org/10.1016/j.otsr.2022.103241
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0150
dx.doi.org/10.1016/j.otsr.2022.103226
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0160
dx.doi.org/10.1016/j.otsr.2021.103175
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0170
dx.doi.org/10.1016/j.otsr.2022.103223
dx.doi.org/10.1007/s00167-018-5219-5
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0185
dx.doi.org/10.1016/j.otsr.2022.103225
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0195
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
http://refhub.elsevier.com/S1877-0568(22)00094-9/sbref0200
dx.doi.org/10.1016/j.otsr.2022.103224
dx.doi.org/10.1016/j.otsr.2022.103227


E-mail address: murgier.jerome@hotmail.fr
(J. Murgier) 
Jérôme Murgier ∗

Clinique Aguiléra, Orthopaedic department, Ramsey
Santé, 64200 Biarritz, France
Nicolas Pujol
Centre Hospitalier de Versailles, Orthopedic

department, 177, rue de Versailles, 78157 Le Chesnay,
France

3

∗ Corresponding author. Clinique Aguiléra, 21 rue
de l’Estagnas, 64200 Biarritz, France.

mailto:murgier.jerome@hotmail.fr

