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Abstract

Anterior cruciate ligament (ACL) injuries are known to have very low rates of spontaneous healing. There have
been several studies since the mid-1960s concerning the approaches to accelerate spontaneous healing of ACL
injuries. Recent studies have identified similarities in the healing response of ACL and other extra-articular
ligaments, in terms of their cellular response and vascularity. Research has demonstrated that mechanical stress
has an important influence on the biological response of tissue healing. Novel treatment approaches may exploit the
role of mechanical loads on the regulation of gene expression in achieving spontaneous healing of injured ACL. This
article reviews the determinants of the ACL healing response and their relationship to mechanical stress and
spontaneous healing, and explores novel concepts that are emerging in the management of ACL injuries.
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Current Treatment for ACL injuries
The anterior cruciate ligament (ACL) plays an important role in

motion at the knee joint and therefore, in the related physical activities
of daily living. The ACL stabilizes the knee and guides the movement
of the tibia and femur at the joint. Injuries involving the ACL are well
known for hopeless of spontaneous healing. Several studies have
investigated the mechanisms of low healing response and the
approaches to accelerating spontaneous healing of ACL injuries, since
the mid-1960s [1-4]. The reasons for the failure of the ACL to heal
spontaneously are related to specific intra-articular features [5,6] as
well as owing to various molecular biological characteristics [7,8]. A
number of studies have addressed on explaining the reasons for the
failure of the ACL to heal spontaneously [1,3,9-13]. Since ACL injuries
contribute to an increased risk of knee osteoarthritis [14,15], the
current gold standard for the management of complete ACL rupture is
reconstruction using a tendon autograft. However, there are no high-
quality randomized controlled trials comparing ACL reconstruction
with other modalities of treatment [16-19].

However, it is clear that the spontaneous healing capacity of the
ACL has been underestimated. Several clinical studies have reported
results of ACL healing with non-surgical treatment alone [20-22].
Moreover, an organ culture model of the human ACL showed a high
intrinsic healing capacity [23]. Although these studies have
demonstrated that the human ACL remnant has functional healing
capacities, this was not proved in rigorous scientific methods.
Consequently, current non-surgical treatment for ACL injuries aims at
rehabilitating patients to modify the patients’ physical activities to
continue their dairy living, but not to support their spontaneous
healing of the injured ACL [24,25]. This comprises muscle strength

exercises, range of motion exercises, neuro-muscular training, and
bracing. To summarize, although surgical reconstruction with
autograft is considered to be the standard of care for restoring knee
function following complete ACL injury, there is inadequate evidence
supporting it as the comprehensive methods of treatment.

Key player in ACL spontaneous healing?
Extra-articular ligaments of knee, such as the medial collateral

ligament (MCL) and the lateral collateral ligament (LCL), are known
to heal spontaneously like the other connective tissue [26], unlike the
ACL. Many researchers have analyzed the differences in the healing of
intra-articular and extra-articular ligaments [27].

Bray and colleagues investigated the differences in the vascular
supply following partial disruption of the MCL and ACL in rabbits
[28]. They demonstrated a significant increase in blood flow and
substantial angiogenic response associated with inflammation and scar
formation following MCL hemisection. Conversely, there was no
evidence of increased blood flow following the disruption of ACL, and
the ligaments underwent atrophy. The authors concluded that the
major contributor to the different between MCL and ACL was owing
to their different vascular response to injury. Angiogenesis and
increased blood flow, which are essential factors for ligament healing,
were found to be deficient in ACL.

Studies also focused on the difference of molecular biological
response between MCL and ACL. Menetrey et al. [8] investigated the
differences in myofibroblasts between MCL and ACL based on the
expression of α-smooth muscle actin (α-SMA) and transforming
growth factor β receptor I (TGF-βRI). They demonstrated a significant
correlation between α-SMA and TGF-β RI expression in injured MCL,
and concluded that the combined presence of myofibroblasts and
TGF-β RI may be critical for the initiation and evolution of the healing
process. However, in injured ACL cells, only t TGF-β RI was identified,
without a corresponding increase α-SMA expression, suggesting that
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the TGF-β levels were insufficient to induce myofibroblasts
differentiation. The authors concluded that this combined difference in
the levels of myofibroblasts and TGF-β may also explain the difference
in the healing process of ACL and MCL. Lee et al. [10] investigated
whether there was any difference in the expression of the growth
factors, platelet-derived growth factor (PDGF), TGF-β, and basic
fibroblast growth factor (bFGF) in injured rabbit knee MCL and ACL.
They identified that PDGF TGF-β and to a lesser extent, bFGF, were
active in the early stage of MCL healing. However, these growth factors
had a limited presence in injured rabbit ACL.

Collagenase activity may be an additional factor that prevents
spontaneous healing in ACL injuries. Amiel et al. [9] confirmed the
effect of collagenase activity in ACL based on studies involving
hemarthrosis and synovectomy. They demonstrated that while
hemarthrosis alone clearly had no effect, hemarthrosis combined with
synovectomy appeared to increase the amount of active collagenase
present in the ACL. These results suggested that collagenase activity
may affect the ACL spontaneous healing of injured ACL.

Murray et al. [29] focused on the lack of scaffolding between the
two ends of the injured ACL. They observed that the presence of
plasmin in the synovial fluid contributed to the premature dissolution
of the functional fibrin clot at the wound site. Treatment of ACL
injuries with collagen-PRP hydrogel resulted in increased filling of the
wound site with repair tissue that had similar profiles of growth factors
and protein expression as in extra-articular ligament injuries [30].
They also attempted to add provisional scaffold by use of surgical
suture through the injured ACL [31-34]. These studies have concluded
the biomechanical features of healed ACL following the use of “bio-
enhanced” ACL repair techniques were equivalent to that of
conventional ACL reconstruction [33]. These results confirmed that
the lack of scaffold between the two ends of the injured ACL was a key
mechanism behind its failure to spontaneously heal. Murray and
colleagues, recently, have attempted that the use of the bridge-
enhanced ACL repair (BEAR) scaffolds methods (Figure 1) in 10
patients and confirmed a continuous ACL [35].

Figure 1: The bridge-enhanced ACL repair (BEAR) technique using
the BEAR scaffold. For details, see Murray et al. [35].

Novel Candidate for ACL Healing
Several researchers have attempted to identify a breakthrough

solution to achieve spontaneous healing of completely served ACL.
However, these studies adopted a one-sided view of healing being
impaired owing to intra-articular factors. Although, the ACL exists in
an intra-articular milieu that is filled with synovial fluid, the knee joint
is an extremely complex and dynamic functional joint, wherein the
intra-articular structures, such as ACL, posterior cruciate ligament
(PCL) and meniscus are subjected to both external mechanical stress
arising from gravity and normal or abnormal joint motion and internal
force generated by muscular activity. It is well known that these

external and internal mechanical forces are important for tissue
homeostasis and healing such as Wolff’s law. It is also well known that
connective tissue cells modify their extra-cellular matrix (ECM) to
adapt to changes in mechanical load, as seen in bone remodeling or
wound healing [36,37]. The susceptibility of biological factors to
mechanical stress is explained by through the phenomenon of
mechanotransduction. This implies that mechanical stress secondary
to joint kinematics may influence the effect of biological factors on the
spontaneous healing of ACL. Therefore, researchers have to focus on
studies concerning the effect of joint motion, especially abnormal
tibiofemoral subluxation, on the intra-articular environment, with
specific reference to spontaneous healing following complete rupture
of ACL.

Joint instability, especially abnormal tibiofemoral subluxation
occurs secondary to ACL injuries. Clinically, this results in abnormal
“giving-way” during physical activities of daily living, and sports.
McDonald and colleagues attempted to determine the mechanism of
abnormal tibiofemoral subluxation in knees with and without intact
ACL [38]. They identified that among untreated ACL injuries,
tibiofemoral subluxation was greater in the chronic phase than in the
acute phase. This could be owing to greater estrangement between
tibial and femoral remnants in the injured and untreated knee. Further,
the “surgical transection of ACL model” is widely used in experimental
in vivo osteoarthritis research because it induces permanent instability
in the knee joint (stifle joint) [39]. In this model, changes of
osteoarthritis are visible in articular cartilage as well as in intra-
articular tissues (synovitis) [40]. The results of these studies
demonstrate that the abnormal mechanical stress secondary to ACL
transection-related joint instability induces a negative effect on the
biochemical response of the intra-articular structures. A recent study
established a relationship between the spontaneous healing response
and abnormal tibiofemoral subluxation by designing an ACL
spontaneous healing rodent model. In this model, abnormal
tibiofemoral subluxation following surgically transected ACL was
prevented by using nylon structures at the extra-articular capsule
(Figures 2 and 3) [41]. The authors demonstrated spontaneous healing
of the ACL in this model, and observed that the gap between the tibial
and femoral remnants of the ligament was bridged by tissue that
consisted of important extra-cellular matrix components including
collagen type I and III. The histological and biochemical results of this
study suggest that control of the abnormal tibiofemoral subluxation
may result in upregulating the ACL spontaneous healing response.
More importantly, the healed ACL in this model was found to have
50% of the biomechanical features of intact ACL at 8 weeks following
the injury. The mechanical features of healing ACL are the most
important outcome since they are crucial in serving the ligament
function of connecting bones to form joint, and in maintaining their
positional relation. The results of spontaneous healing can be
compared to that of the reconstructed ACL, which were variously
reported as following: 25% of the intact ACL by Viatesu et al. [42];
44-49% with the use of patellar tendon autograft, by Ng et al. [43].
Although these results do not compare healing at identical timelines,
they do indicate that spontaneous healed ACL has comparable
biomechanical properties as reconstructed ACL.

To summarize this section, extra-articular factors and abnormal
tibiofemoral subluxation are among the key determinants of ACL
spontaneous healing. Mechanical stress secondary to multiple factors
affects the healing response in completely injured ACL, possibly by
influencing biochemical signaling in ACL cells and intra-articular
structures. This phenomenon, which has an important role in
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controlling the acute phase of injury, is related to as
mechanotransduction. The role of mechanotransduction is well
established in the development of tissues like bone, tendons, and
ligaments, as well as wound healing. However, the detailed
mechanisms of mechanotransduction and its role in the spontaneous
healing of ACL are still under investigation.

Figure 2: To control anterior tibial translation, a double 3-0 nylon
suture was placed through the tibial bone hole posterior to the
condyle of the distal end of the femur. For details, see Kokubun et
al. [41].

Figure 3: In immunofluorescence staining, both Col I and Col III
were expressed in healed ACLs, especially in the healing region,
according to immunofluorescence staining results. For details, see
Kokubun et al. [41].

Conclusions and Perspectives
In this review, we focused on the novel treatments for ACL complete

tear. ACL injuries affect immediate and long-term quality of life, in
addition to being a well-known risk factor for post-traumatic
osteoarthritis. ACL injury is common in young athlete as well as in
middle-age individuals. The prolongation of the average life span has

meant that ACL injury is also becoming common in the elderly
[44-46]. It may be preferable to avoid surgical reconstruction in
middle-age and elderly patients, owing to the diversity of their activity
level following ACL injury. A better understanding of the reasons for
the failure of ACL to spontaneously heal will help us develop newer
treatment methods. Although we are still unaware of the entire
mechanism, and the signaling pathways involved in ACL spontaneous
healing, recent studies have identified few probable candidates that
may be possible key players [41,47-50]. Some studies have reported
that injured ACL has the same functional healing response as other
extra-articular ligaments in terms of cellularity and vascularity. These
biological healing responses are affected by mechanical stress, which in
the case of the knee joint are induced by joint kinematics.
Understanding mechanotransduction as a depending on multiple
intra- and extra- articular factors may improve our ability to appreciate
the true spontaneous healing capacity of the completely injured ACL. It
is our recommendation that future strategies for the treatment of
complete ACL transection should include progressive non-surgical
treatment as the first choice, with surgical reconstruction being
considered as the next choice only in the absence of gap-bridged
healing. This strategy emphasizes the importance of the biomechanical
aspects of the ACL-deficient knee, and relies on the
mechanotransduction mechanism of ACL healing. It is our opinion
that additional research in the mechano-regulation of gene expression
in the ACL remnants will aid in developing newer therapeutic
strategies and approaches for improving the repair and regeneration of
injured ACL.

References
1. O'Donoghue DH, Rockwood CA, Frank GR, Jack SC, Kenyon R (1966)

Repair of the anterior cruciate ligament in dogs. J Bone Joint Surg Am 48:
503-519.

2. O'Donoghue DH, Frank GR, Jeter GL, Johnson W, Zeiders JW, et al.
(1971) Repair and reconstruction of the anterior cruciate ligament in
dogs. Factors influencing long-term results. J Bone Joint Surg Am 53:
710-718.

3. Hefti FL, Kress A, Fasel J, Morscher EW (1991) Healing of the transected
anterior cruciate ligament in the rabbit. J Bone Joint Surg Am 73:
373-383.

4. Kannus P, Järvinen M (1987) Conservatively treated tears of the anterior
cruciate ligament. Long-term results. J Bone Joint Surg Am 69:
1007-1012.

5. Andersen RB, Gormsen J (1970) Fibrin dissolution in synovial fluid. Acta
Rheumatol Scand 16: 319-333.

6. Harrold AJ (1961) The defect of blood coagulation in joints. J Clin Pathol
14: 305-308.

7. Attia E, Brown H, Henshaw R, George S, Hannafin JA (2010) Patterns of
gene expression in a rabbit partial anterior cruciate ligament transection
model: The potential role of mechanical forces. Am J Sports Med 38:
348-356.

8. Menetrey J, Laumonier T, Garavaglia G, Hoffmeyer P, Fritschy D, et al.
(2011) α-Smooth muscle actin and TGF-beta receptor I expression in the
healing rabbit medial collateral and anterior cruciate ligaments. Injury 42:
735-741.

9. Amiel D, Billings E, Harwood FL (1990) Collagenase activity in anterior
cruciate ligament - Protective role of the synovial sheath. J Appl Physiol
69: 902-906.

10. Lee J, Harwood FL, Akeson WH, Amiel D (1998) Growth factor
expression in healing rabbit medial collateral and anterior cruciate
ligaments. Iowa Orthop J 18: 19-25.

11. Cao M, Stefanovic-Racic M, Georgescu HI, Fu FH, Evans CH (2000)
Does nitric oxide help explain the differential healing capacity of the

Citation: Kokubun T, Kanemura N, Murata K, Shono H, Kanoh T, et al. (2017) Key Determinants of Anterior Cruciate Ligament Spontaneous
Healing. J Osteopor Phys Act 5: 208. doi:10.4172/2329-9509.1000208

Page 3 of 4

J Osteopor Phys Act, an open access journal
ISSN:2329-9509

Volume 5 • Issue 4 • 1000208

http://journals.lww.com/jbjsjournal/Abstract/1966/48030/Repair_of_the_Anterior_Cruciate_Ligament_in_Dogs_.9.aspx
http://journals.lww.com/jbjsjournal/Abstract/1966/48030/Repair_of_the_Anterior_Cruciate_Ligament_in_Dogs_.9.aspx
http://journals.lww.com/jbjsjournal/Abstract/1966/48030/Repair_of_the_Anterior_Cruciate_Ligament_in_Dogs_.9.aspx
http://journals.lww.com/jbjsjournal/Abstract/1971/53040/Repair_and_Reconstruction_of_the_Anterior_Cruciate.10.aspx
http://journals.lww.com/jbjsjournal/Abstract/1971/53040/Repair_and_Reconstruction_of_the_Anterior_Cruciate.10.aspx
http://journals.lww.com/jbjsjournal/Abstract/1971/53040/Repair_and_Reconstruction_of_the_Anterior_Cruciate.10.aspx
http://journals.lww.com/jbjsjournal/Abstract/1971/53040/Repair_and_Reconstruction_of_the_Anterior_Cruciate.10.aspx
http://journals.lww.com/jbjsjournal/Abstract/1991/73030/Healing_of_the_transected_anterior_cruciate.8.aspx
http://journals.lww.com/jbjsjournal/Abstract/1991/73030/Healing_of_the_transected_anterior_cruciate.8.aspx
http://journals.lww.com/jbjsjournal/Abstract/1991/73030/Healing_of_the_transected_anterior_cruciate.8.aspx
http://dx.doi.org/10.3109/03009747009165385
http://dx.doi.org/10.3109/03009747009165385
http://dx.doi.org/10.1136/jcp.14.3.305
http://dx.doi.org/10.1136/jcp.14.3.305
https://doi.org/10.1177/0363546509348052
https://doi.org/10.1177/0363546509348052
https://doi.org/10.1177/0363546509348052
https://doi.org/10.1177/0363546509348052
https://doi.org/10.1016/j.injury.2010.07.246
https://doi.org/10.1016/j.injury.2010.07.246
https://doi.org/10.1016/j.injury.2010.07.246
https://doi.org/10.1016/j.injury.2010.07.246
http://jap.physiology.org/content/69/3/902
http://jap.physiology.org/content/69/3/902
http://jap.physiology.org/content/69/3/902
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2378181/pdf/iowaorthj00001-0041.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2378181/pdf/iowaorthj00001-0041.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2378181/pdf/iowaorthj00001-0041.pdf
https://doi.org/10.1177/03635465000280020701
https://doi.org/10.1177/03635465000280020701


anterior cruciate, posterior cruciate and medial collateral ligaments? Am J
Sports Med 28: 176-182.

12. Murray MM, Martin SD, Martin TL, Spector M (2000) Histological
changes in the human anterior cruciate ligament after rupture. J Bone
Joint Surg Am 82-A: 1387-1397.

13. Lyon RM, Akeson WH, Amiel D, Kitabayashi LR, Woo SL (1991)
Ultrastructural differences between the cells of the medical collateral and
the anterior cruciate ligaments. Clin Orthop Relat Res 279-286.

14. McDaniel WJ, Dameron TB (1983) The untreated anterior cruciate
ligament rupture. Clin Orthop Relat Res 158-163.

15. Lohmander LS, Englund PM, Dahl LL, Roos EM (2007) The long-term
consequence of anterior cruciate ligament and meniscus injuries:
Osteoarthritis. Am J Sports Med 35: 1756-1769.

16. Meuffels DE, Favejee MM, Vissers MM, Heijboer MP, Reijman M, et al.
(2009) Ten year follow-up study comparing conservative versus operative
treatment of anterior cruciate ligament ruptures. A matched-pair analysis
of high level athletes. Br J Sports Med 43: 347-351.

17. Spindler KP, Wright RW (2008) Clinical practice. Anterior cruciate
ligament tear. N Engl J Med 359: 2135-2142.

18. Linko E, Harilainen A, Malmivaara A, Seitsalo S (2005) Surgical versus
conservative interventions for anterior cruciate ligament ruptures in
adults. Cochrane Database Syst Rev CD001356.

19. Maffulli N, Longo UG, Denaro V (2009) Anterior cruciate ligament tear.
N Engl J Med 360: 1463.

20. Kurosaka M, Yoshiya S, Mizuno T, Mizuno K (1998) Spontaneous healing
of a tear of the anterior cruciate ligament. A report of two cases. J Bone
Joint Surg Am 80: 1200-1203.

21. Fujimoto E, Sumen Y, Ochi M, Ikuta Y (2002) Spontaneous healing of
acute anterior cruciate ligament (ACL) injuries - conservative treatment
using an extension block soft brace without anterior stabilization. Arch
Orthop Trauma Surg 122: 212-216.

22. Costa-Paz M, Ayerza MA, Tanoira I, Astoul J, Muscolo DL (2012)
Spontaneous healing in complete ACL ruptures: A clinical and MRI
study. Clin Orthop Relat Res 470: 979-985.

23. Deie M, Ochi M, Ikuta Y (1995) High intrinsic healing potential of
human anterior cruciate ligament. Organ culture experiments. Acta
Orthop Scand 66: 28-32.

24. Strehl A, Eggli S (2007) The value of conservative treatment in ruptures of
the anterior cruciate ligament (ACL). J Trauma 62: 1159-1162.

25. Jokl P, Kaplan N, Stovell P, Keggi K (1984) Non-operative treatment of
severe 16 injuries to the medial and anterior cruciate ligaments of the
knee. J Bone Joint Surg Am 66: 741-744.

26. Chamberlain CS, Crowley E, Vanderby R (2009) The spatio-temporal
dynamics of ligament healing. Wound Repair Regen 17: 206-215.

27. Woo SL, Vogrin TM, Abramowitch SD (2000) Healing and repair of
ligament injuries in the knee. J Am Acad Orthop Surg 8: 364-372.

28. Bray RC, Leonard CA, Salo PT (2003) Correlation of healing capacity
with vascular response in the anterior cruciate and medial collateral
ligaments of the rabbit. J Orthop Res 21: 1118-1123.

29. Murray MM, Fleming BC (2013) Biology of anterior cruciate ligament
injury and repair: Kappa delta ann doner vaughn award paper 2013.
Journal of Orthopaedic Research 31: 1501-1506.

30. Murray MM, Spindler KP, Ballard P, Welch TP, Zurakowski D, et al.
(2007) Enhanced histologic repair in a central wound in the anterior
cruciate ligament with a collagen-platelet-rich plasma scaffold. J Orthop
Res 25: 1007-1017.

31. Fleming BC, Carey JL, Spindler KP, Murray MM (2008) Can suture repair
of ACL transection restore normal anteroposterior laxity of the knee? An
ex vivo study. J Orthop Res 26: 1500-1505.

32. Murray MM, Magarian E, Zurakowski D, Fleming BC (2010) Bone-to-
bone fixation enhances functional healing of the porcine anterior cruciate
ligament using a collagen-platelet composite. Arthroscopy 26: S49-57.

33. Murray MM, Magarian EM, Harrison SL, Mastrangelo AN, Zurakowski
D, et al. (2010) The effect of skeletal maturity on functional healing of the
anterior cruciate ligament. J Bone Joint Surg Am 92: 2039-2049.

34. Murray MM, Fleming BC (2013) Use of a bioactive scaffold to stimulate
anterior cruciate ligament healing also minimizes posttraumatic
osteoarthritis after surgery. Am J Sports Med 41: 1762-1770.

35. Murray MM, Flutie BM, Kalish LA, Ecklund K, Fleming BC, et al. (2016)
The Bridge-Enhanced Anterior Cruciate Ligament Repair (BEAR)
Procedure: An early feasibility cohort study. Orthop J Sports Med 4:
2325967116672176.

36. Chiquet M (1999) Regulation of extracellular matrix gene expression by
mechanical stress. Matrix Biol 18: 417-426.

37. Chiquet M, Renedo AS, Huber F, Flück M (2003) How do fibroblasts
translate mechanical signals into changes in extracellular matrix
production? Matrix Biol 22: 73-80.

38. McDonald LS, van der List JP, Jones KJ, Zuiderbaan HA, Nguyen JT, et al.
(2017) Passive anterior tibial subluxation in the setting of anterior
cruciate ligament injuries: A comparative analysis of ligament-deficient
states. Am J Sports Med 45: 1537-1546.

39. McDevitt C, Gilbertson E, Muir H (1977) An experimental model of
osteoarthritis: Early morphological and biochemical changes. J Bone Joint
Surg Br 59: 24-35.

40. Brandt KD, Myers SL, Burr D, Albrecht M (1991) Osteoarthritic changes
in canine articular cartilage, sub chondral bone and synovium 54 months
after transection of the anterior cruciate ligament. Arthritis Rheum 34:
1560-1570.

41. Kokubun T, Kanemura N, Murata K, Moriyama H, Morita S, et al. (2016)
Effect of changing the joint kinematics of knees with a ruptured anterior
cruciate ligament on the molecular biological responses and spontaneous
healing in a rat model. Am J Sports Med 44: 2900-2910.

42. Viateau V, Manassero M, Anagnostou F, Guerard S, Mitton D, et al. (2013)
Biological and biomechanical evaluation of the ligament advanced
reinforcement system (LARS AC) in a sheep model of anterior cruciate
ligament replacement: A 3 month and 12 month study. Arthroscopy 29:
1079-1088.

43. Ng GY, Oakes BW, Deacon OW, Mclean ID, Lampard D (1995)
Biomechanics of patellar tendon autograft for reconstruction of the
anterior cruciate ligament in the goat – 3 year study. J Orthop Res 13:
602-608.

44. Blyth MJ, Gosal HS, Peake WM, Bartlett RJ (2003) Anterior cruciate
ligament reconstruction in patients over the age of 50 years: 2-8 year
follow-up. Knee Surg Sports Traumatol Arthrosc 11: 204-211.

45. Dahm DL, Wulf CA, Dajani KA, Dobbs RE, Levy BA, et al. (2008)
Reconstruction of the anterior cruciate ligament in patients over 50 years.
J Bone Joint Surg Br 90: 1446-1450.

46. Figueroa D, Figueroa F, Calvo R, Vaisman A, Espinoza G, et al. (2014)
Anterior cruciate ligament reconstruction in patients over 50 years of age.
Knee 21: 1166-1168.

47. Ihara H, Kawano T (2017) Influence of age on healing capacity of acute
tears of the anterior cruciate ligament based on magnetic resonance
imaging assessment. J Comput Assist Tomogr 41: 206-211.

48. Sonnery-Cottet B, Bazille C, Hulet C, Colombet P, Cucurulo T, et al.
(2014) Histological features of the ACL remnant in partial tears. Knee 21:
1009-1013.

49. Nguyen DT, Ramwadhdoebe TH, van der Hart CP, Blankevoort L, Tak PP,
et al. (2014) Intrinsic healing response of the human anterior cruciate
ligament: An histological study of reattached ACL remnants. J Orthop
Res 32: 296-301.

50. Haslauer CM, Proffen BL, Johnson VM, Murray MM (2014) Expression
of modulators of extracellular matrix structure after anterior cruciate
ligament injury. Wound Repair Regen 22: 103-110.

 

Citation: Kokubun T, Kanemura N, Murata K, Shono H, Kanoh T, et al. (2017) Key Determinants of Anterior Cruciate Ligament Spontaneous
Healing. J Osteopor Phys Act 5: 208. doi:10.4172/2329-9509.1000208

Page 4 of 4

J Osteopor Phys Act, an open access journal
ISSN:2329-9509

Volume 5 • Issue 4 • 1000208

https://doi.org/10.1177/03635465000280020701
https://doi.org/10.1177/03635465000280020701
https://doi.org/10.1177/0363546507307396
https://doi.org/10.1177/0363546507307396
https://doi.org/10.1177/0363546507307396
https://doi.org/10.1136/bjsm.2008.049403
https://doi.org/10.1136/bjsm.2008.049403
https://doi.org/10.1136/bjsm.2008.049403
https://doi.org/10.1136/bjsm.2008.049403
https://doi.org/10.1056/NEJMcp0804745
https://doi.org/10.1056/NEJMcp0804745
https://doi.org/10.1002/14651858.CD001356.pub3
https://doi.org/10.1002/14651858.CD001356.pub3
https://doi.org/10.1002/14651858.CD001356.pub3
http://dx.doi.org/10.1056/NEJMc082471
http://dx.doi.org/10.1056/NEJMc082471
https://doi.org/10.1007/s00402-001-0387-y
https://doi.org/10.1007/s00402-001-0387-y
https://doi.org/10.1007/s00402-001-0387-y
https://doi.org/10.1007/s00402-001-0387-y
https://dx.doi.org/10.1007%2Fs11999-011-1933-8
https://dx.doi.org/10.1007%2Fs11999-011-1933-8
https://dx.doi.org/10.1007%2Fs11999-011-1933-8
http://www.tandfonline.com/action/showCitFormats?doi=10.3109/17453679508994634
http://www.tandfonline.com/action/showCitFormats?doi=10.3109/17453679508994634
http://www.tandfonline.com/action/showCitFormats?doi=10.3109/17453679508994634
https://doi.org/10.1097/TA.0b013e31805006e7
https://doi.org/10.1097/TA.0b013e31805006e7
https://doi.org/10.1111/j.1524-475X.2009.00465.x
https://doi.org/10.1111/j.1524-475X.2009.00465.x
http://journals.lww.com/jaaos/Abstract/2000/11000/Healing_and_Repair_of_Ligament_Injuries_in_the.4.aspx
http://journals.lww.com/jaaos/Abstract/2000/11000/Healing_and_Repair_of_Ligament_Injuries_in_the.4.aspx
https://doi.org/10.1016/S0736-0266(03)00078-0
https://doi.org/10.1016/S0736-0266(03)00078-0
https://doi.org/10.1016/S0736-0266(03)00078-0
https://doi.org/10.1002/jor.22420
https://doi.org/10.1002/jor.22420
https://doi.org/10.1002/jor.22420
https://doi.org/10.1002/jor.20367
https://doi.org/10.1002/jor.20367
https://doi.org/10.1002/jor.20367
https://doi.org/10.1002/jor.20367
https://doi.org/10.1002/jor.20367
https://doi.org/10.1002/jor.20367
https://doi.org/10.1002/jor.20367
https://doi.org/10.1016/j.arthro.2009.12.017
https://doi.org/10.1016/j.arthro.2009.12.017
https://doi.org/10.1016/j.arthro.2009.12.017
https://doi.org/10.1177/0363546513483446
https://doi.org/10.1177/0363546513483446
https://doi.org/10.1177/0363546513483446
https://doi.org/10.1177/2325967116672176
https://doi.org/10.1177/2325967116672176
https://doi.org/10.1177/2325967116672176
https://doi.org/10.1177/2325967116672176
http://www.sciencedirect.com/science/article/pii/S0945053X99000396
http://www.sciencedirect.com/science/article/pii/S0945053X99000396
https://linkinghub.elsevier.com/retrieve/pii/S0945053X03000040
https://linkinghub.elsevier.com/retrieve/pii/S0945053X03000040
https://linkinghub.elsevier.com/retrieve/pii/S0945053X03000040
http://journals.sagepub.com/doi/abs/10.1177/0363546516688673?journalCode=ajsb
http://journals.sagepub.com/doi/abs/10.1177/0363546516688673?journalCode=ajsb
http://journals.sagepub.com/doi/abs/10.1177/0363546516688673?journalCode=ajsb
http://journals.sagepub.com/doi/abs/10.1177/0363546516688673?journalCode=ajsb
http://onlinelibrary.wiley.com/doi/10.1002/art.1780341214/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.1780341214/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.1780341214/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.1780341214/abstract
https://doi.org/10.1177/0363546516654687
https://doi.org/10.1177/0363546516654687
https://doi.org/10.1177/0363546516654687
https://doi.org/10.1177/0363546516654687
https://doi.org/10.1016/j.arthro.2013.02.025
https://doi.org/10.1016/j.arthro.2013.02.025
https://doi.org/10.1016/j.arthro.2013.02.025
https://doi.org/10.1016/j.arthro.2013.02.025
https://doi.org/10.1016/j.arthro.2013.02.025
https://doi.org/10.1002/jor.1100130416
https://doi.org/10.1002/jor.1100130416
https://doi.org/10.1002/jor.1100130416
https://doi.org/10.1002/jor.1100130416
https://doi.org/10.1007/s00167-003-0368-5
https://doi.org/10.1007/s00167-003-0368-5
https://doi.org/10.1007/s00167-003-0368-5
https://doi.org/10.1016/j.knee.2014.08.003
https://doi.org/10.1016/j.knee.2014.08.003
https://doi.org/10.1016/j.knee.2014.08.003
https://doi.org/10.1097/RCT.0000000000000515
https://doi.org/10.1097/RCT.0000000000000515
https://doi.org/10.1097/RCT.0000000000000515
http://dx.doi.org/10.1016/j.knee.2014.07.020
http://dx.doi.org/10.1016/j.knee.2014.07.020
http://dx.doi.org/10.1016/j.knee.2014.07.020
http://onlinelibrary.wiley.com/doi/10.1002/jor.22511/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jor.22511/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jor.22511/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jor.22511/pdf
https://doi.org/10.1111/wrr.12130
https://doi.org/10.1111/wrr.12130
https://doi.org/10.1111/wrr.12130

	Contents
	Key Determinants of Anterior Cruciate Ligament Spontaneous Healing
	Abstract
	Keywords:
	Current Treatment for ACL injuries
	Key player in ACL spontaneous healing?
	Novel Candidate for ACL Healing
	Conclusions and Perspectives
	References


