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Purpose  The anterior cruciate ligament is probably one of the ligaments with the lowest healing potential. Many 
authors have reported cases of spontaneous healing but nowadays it is difficult to predict successful healing of an 
anterior cruciate ligament rupture and, even more, residual functionality and capability to return to sport. The aim of 
this study was to investigate cases of spontaneous healing in a population that received non-surgical treatment after 
anterior cruciate ligament rupture and to perform an updated review of contemporary literature.

Methods  The authors retrospectively reviewed patients who suffered from an acute complete anterior cruciate 
ligament rupture and underwent non-surgical treatment. No specific rehabilitation protocol was prescribed. A new 
magnetic resonance imaging study was conducted 6 months after the injury for all patients. A literature review was 
conducted regarding spontaneous healing of the anterior cruciate ligament. The papers included in the analysis were 
reports of any level of evidence, written in English, Italian, or French languages; articles were excluded if they reported 
non-human studies, histological studies, studies conducted without magnetic resonance imaging or arthroscopic 
second look, or partial anterior cruciate ligament tear.

Results  Case series: Six patients were enrolled in the study. All patients had a proximal anterior cruciate ligament 
lesion. The minimum follow-up was 13 months (range 6–20 months). At the last follow-up the mean score on the 
Lysholm scale was 97, the mean IKDC score was 94, and the mean KOOS score was 96. All patients returned to their 
own sport activities; no one reported significant differences. The magnetic resonance imaging study at 6 months 
revealed an end-to-end continuous anterior cruciate ligament with homogeneous signal. No one had any new knee 
injury at last follow-up. Literature review: A search of comprehensive databases retrieved 1057 articles; 8 full-text 
articles met the eligibility criteria. The studies were heterogeneous regarding the populations analysed, sport activ-
ity level, treatment applied, healing definition, and follow-up. The failure rate of non-surgical management ranged 
among the papers from 0 to 73%.

Conclusions  The study findings show that spontaneous anterior cruciate ligament healing is possible and there are 
chances of clinical recovery for patients not suitable for surgery. However, there is still a lack of evidence about predic-
tors, clinical outcomes, and adequate rehabilitation protocols.
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Introduction
The spontaneous healing capability of an injured ante-
rior cruciate ligament (ACL) has been investigated 
using tissue culture [1], electron microscopy [2], and 
the reverse transcription-polymerase chain reaction [3]. 

*Correspondence:
Alessandro Carrozzo
alessandrocarrozzo@aol.com
AOU Sant’Andrea, La Sapienza University of Rome, Rome, Italy The 
Investigations Were Performed at AOU Sant’Andrea, La Sapienza 
University of Rome, Rome, Italy

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40634-022-00566-9&domain=pdf
http://orcid.org/0000-0003-0700-8139


Page 2 of 11Previ et al. Journal of Experimental Orthopaedics           (2023) 10:11 

Various factors that adversely affect the healing of an 
injured ACL are reported in the literature. Fibrin–plate-
let clot formation, which is necessary to initiate tissue 
healing, is inhibited by surrounding synovial fluid [4, 5]. 
Also, quadriceps activation induces an anterior drawer 
movement that can pull the stumps apart and may result 
in a lengthened ligament [6]. The ligament stumps’ posi-
tion is influenced by gravity force and there may be no 
contact between them [7]. Another argument in favour 
of the traditional consideration of the ACL as a ligament 
with scarce healing capacity is the poor clinical out-
comes of a direct repair [8, 9].

The mainstay of ACL rupture treatment is actually 
considered to be surgery [10]. In the literature, how-
ever, there are a few reports of patients that obtain an 
improvement in knee stability with spontaneous ACL 
healing without surgical management [7, 10–17].

Recent histological and magnetic resonance imaging 
(MRI) studies have suggested that tears in the proximal 
one-third of the ACL, the region with greatest perfusion 
from the middle geniculate artery, may have an intrinsic 
healing response similar to that of the medial collateral 
ligament (MCL) [18, 19].

The primary aim of this study was to investigate cases 
of spontaneous healing in a population that received 
non-surgical treatment after ACL rupture. Another 
objective was to perform an updated literature review to 
report the outcomes, evidence on indications, and con-
servative treatment strategies for spontaneous ACL heal-
ing in contemporary literature.

We hypothesized that in a small proportion of patients 
that do not undergo surgical management of an ACL 
injury, a clinical recovery obtaining a stable knee may be 
possible.

Methods
Case series
A retrospective analysis was conducted on patients who 
received non-surgical treatment for ACL injury in the 
emergency department of our institution (Azienda Ospe-
daliera Universitaria Sant’Andrea, La Sapienza University 
of Rome) from January 1, 2015 to April 30, 2020. Patients 
were evaluated by the senior authors (ED, AC) and the 
diagnosis was based on clinical examination (Lachman 
and pivot shift tests) and confirmed by MRI. MRIs were 
performed with a 1.5  T MRI scanner (Symphony; Sie-
mens Medical Solutions). All patients underwent both 
T1-weighted and T2-weighted imaging, performed in the 
axial, sagittal, and coronal planes, in sections with 3 to 
4 mm thickness.

Patients were not assigned to acute ACL surgery if 
they met one or more of the following criteria: very 
low demand patients (Tegner ≤ 2), inability to undergo 

surgery within 15  days of injury, had an ACL injury 
during the first 2  months of the COVID-19 pandemic 
– March and April 2020 – that did not require urgent 
treatment (e.g., bucket-handle meniscal lesion), Kellgren 
Lawrence grade III or IV change in any compartment, or 
refusal to receive surgical management. The patients who 
did not undergo acute ACL surgery were referred for 
periodic clinical evaluation to determine whether or not 
surgery was needed at a later date.

Rehabilitation
The initial management included an extension brace 
and walking with crutches (partial weight bearing) for 
3 weeks. The focus was on activation of the vastus media-
lis oblique and isometric quadriceps exercises. Subse-
quently, patients were followed up by a physiotherapist 
at least for 2  months to regain the full range of motion 
(ROM) and improve strength and proprioception of the 
injured lower limb.

Follow‑up
Clinical evaluations were performed monthly for the 
first 3 months. Then, an MRI was conducted 6 months 
after the injury. At the last follow-up, patients were 
evaluated according to the Lysholm scale [20], the 
International Knee Documentation Committee (IKDC) 
score, and Knee injury and Osteoarthritis Outcome 
Score (KOOS) [21]. The physical examination com-
prised a Lachman test, pivot shift test, and measure-
ment of the side-to-side difference in millimetres 
between injured and healthy knees with a KT-1000™ 
arthrometer (MEDmetric Corp, San Diego, CA, USA). 
A retrospective assessment of the MRIs was per-
formed to classify the ACL injury site according to Van 
der list et  al. [22]: type I tear (proximal avulsion tear, 
located at > 90% of distal–proximal length), type II tear 
(proximal tear, located at 75%–90% of distal–proximal 
length), type III tear (mid-substance tear, located at 
25%–75% of distal–proximal length), type IV tear (dis-
tal tear, located at 10%–25% of distal–proximal length), 
or type V tear (distal avulsion tear, located at < 10% of 
distal–proximal length).

Patients were defined as healed based on clinical and 
MRI criteria: no giving-way episodes reported after the 
injury, negative Lachman and jerk tests, and a continuous 
ACL with a Howell grade 1 or 2 at MRIs.

Literature review: search strategy and eligibility criteria
A review was conducted on contemporary literature 
regarding spontaneous ACL healing. The Boolean 
search was performed on May 1, 2022, using the fol-
lowing keywords and operators: ((ACL) OR (Ante-
rior cruciate ligament)) AND ((Spontaneous) OR 
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(autonomous)) AND (Healing). The databases inves-
tigated were PubMed, Scopus, and the Cochrane 
Library. The Preferred Reporting Items for Systematic 
Reviews and Meta-analysis (PRISMA) guidelines were 
used [23].

Firstly, articles were screened by title and abstract. 
The screening was conducted separately by 2 inde-
pendent observers (L.P. and G.F.). To identify included 
studies, the PICOS criteria were used [24]. Studies 
were considered eligible to be included in the review 
if they included patients diagnosed with a complete 
ACL rupture (P) and who had non-surgical treatment 
(I). A control group (C) was not considered an inclu-
sion criterion, and ACL healing assessed using MRI 
or with an arthroscopic second look was considered 
the outcome measure (O). There were no restrictions 
on study type (S). Clinical reports of any level of evi-
dence, written in the English, French, or Italian lan-
guages, were included for further analyses. Exclusion 
criteria were articles written in languages other than 
English, French, or Italian; non-human studies; his-
tological studies; studies conducted without assess-
ing ACL healing by MRI or arthroscopic second look; 
studies including patients who suffered from partial 
ACL tear; white papers; abstracts.

Then, full texts of selected articles were screened, 
with further exclusions according to the previously 
described criteria. Reference lists from the selected 
papers were also screened.

Two independent investigators extracted data and in 
case of discrepancies the final decision was made by a 
third investigator (E.M.). Relevant data (study design, 
year of publication, number of patients, age of patients, 
type of lesion, associated lesions, rehabilitation type, 
activity level, failure rate, follow-up duration, KT-1000, 
IKDC, Lysholm score) were then extracted and col-
lected in a unique database (Table 1). Two independent 
authors performed the screening process, study analy-
sis, and data tabulation separately. A final summary was 
obtained by consensus, with discrepancies discussed 
with a third reviewer (L.P., G.F., A.C.).

Statistical analysis
Calculations were made using Microsoft Excel for 
MacOS (Version 16.58; Microsoft Corporation, 
WA, USA). Descriptive data analysis was conducted 
depending on the nature of the considered criteria. 
For quantitative data, this included the number of 
observed (and missing, if any) values and the mean, 
SD, and range. For qualitative data, this included the 
number of observed (and missing, if any) values and 
the number and percentage of patients per group. 
For the literature review, data were extracted from 
included studies to determine the number of cases of 
spontaneous healing of ACL and the total number of 
patients in each group. Results are presented using 
means and ranges or proportions.

Results
Case series
The final population of the case series was composed of 6 
patients and the study flow is presented in Fig. 1. All the 
patients received a diagnosis of complete ACL rupture 
by clinical and MRI assessment within 10  days of knee 
trauma. Mean age was 34.3  years (range 25–59  years); 
there were 4 females and 2 males. Two patients had a 
right ACL injury and 4 a left injury. According to Van 
der list et  al. [25] radiographic classification of location 
of injury, 4 patients sustained a type I ACL lesion, and 3 
patients had a type II injury. Demographic data for the 6 
patients are represented in Table 1.

All patients were recreational athletes, used to prac-
tise sport at least once a week, and suffered the injury 
during sport activity. Two of them practised dance, two 
played tennis, one played volleyball, and one played 
football.

The mean follow-up was 13  months (range 6–20); at 
last clinical evaluation, 4 patients had a grade 0 Lachman 
test and 2 a grade I; 3 patients had no pivot shift sign, and 
3 patients had a pivot shift graded as glide. The average 
KT-1000 arthrometer manual side-to-side maximum 
value was 2.6  mm (range 1–6  mm). The mean KOOS 
was 96 (range 94–98); the average Lysholm score was 97 

Table 1  Demographic data

Abbreviations: F, female, M, male, MCL, medial collateral ligament

No Age Sex Side BMI Mechanism of injury Type of lesion Associated lesion

1 42 F L 24.2 Dance Type I MCL grade II

2 49 M R 26.3 Soccer Type I None

3 35 F L 23.1 Volleyball Type II None

4 36 M L 24.0 Tennis Type I None

5 25 F L 22.3 Dance Type II None

6 59 F R 27.8 Tennis Type I MCL grade II
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(range 90–100); the mean subjective IKDC score was 94 
(range 89–98), 4 patients being graded as ‘A’ and 2 as ‘B’ at 
objective IKDC evaluation. Clinical results are displayed 
in Table 2. All patients returned to pre-injury sport activ-
ity level except 1 who reported decreased sport activity 
due to the fear of re-injury.

In all patients, MRI at 6 months revealed an end-to-
end continuous ACL with homogeneous signal and dis-
appearance of the secondary signs (Fig.  2). The mean 
SNQ was 1.9 and the ligament was graded as ‘1’ for 5 
patients and as ‘2’ for 1 patient according to Howell 
scale [27].

Fig. 1  The study flow chart in line with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement (http://​
www.​strob​estat​ement.​org). ACL, anterior cruciate ligament

Table 2  Results and scores 6 months at the last follow-up

Lachman test was graded as suggested by Hurley et al. [26]: Grade 0, Tight with firm end-feel; Grade I, Nominal increase in laxity compared to contralateral knee; 
Grade II, Slight increase in anterior translation compared to contralateral knee; Grade III, Excessive anterior translation compared to contralateral knee.

Pivot shift test was graded as 0, absence; 1 + , glide; 2 + , clunk; 3 + , gross

N KT 1000
side-to-side

Lysholm Score Subjective 
IKDC

Objective 
IKDC

KOOS Lachman test Pivot Shift 
test

Howell grade

1 1 mm 97 94 A 97% Grade 0 0 1

2 4 mm 96 95 B 98% Grade I 1 2

3 1 mm 99 94 A 95% Grade 0 0 1

4 2 mm 90 90 A 96% Grade 0 1 2

5 2 mm 100 98 A 97% Grade 0 1 1

6 3 mm 98 89 B 94% Grade I 0 1

http://www.strobestatement.org
http://www.strobestatement.org
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Literature review
A search of comprehensive databases retrieved 1057 arti-
cles. After excluding 635 duplicates, 422 articles were 
screened. The screening and the selection of abstracts 
led to a total of 8 full-text articles that were assessed for 
eligibility according to the inclusion/exclusion criteria 
(Table 3).

The paper selection flow is represented in Fig. 3.
In 6 studies the patients underwent an MRI investi-

gation at both post-injury and last follow-up, while in 
2 studies patients underwent a diagnostic arthroscopy 
within 15 days of the injury and at the last follow-up. Six 
out of 8 studies included patients that underwent MRI at 
the time of injury and during the follow-up. The 2 papers 
that did not evaluate the ACL status by MRI were those 
by Kurosawa et  al., in which the patients underwent 
a diagnostic arthroscopy within 8  days of injury, and 
Ihara et  al., who performed a diagnostic knee arthros-
copy within 15 days (range 2–15); in both the studies, an 
arthroscopic second look was taken at the end of follow-
up. In the papers by Malanga et  al. and Razi et  al., the 
time from injury to MRI was not specified, but it can be 

deduced that was conducted within the third week after 
the trauma. Costa-Paz et  al. did not specify the time at 
which the first MRI was carried out. In the other studies, 
the initial MRI assessment was performed within the first 
4 weeks after injury.

The knee stability was clinically evaluated in all stud-
ies by Lachman test, KT-1000, and KT-2000 used as out-
come measure tools. However, not all authors reported 
quantitative data in their results.

Clinical outcomes
The studies were heterogeneous concerning the pop-
ulations analysed regarding sport activity level, the 
treatment applied (different techniques and their com-
bination, duration, and application modalities), and the 
evaluation methods (healing definition, follow-up).

The failure rate in the considered studies ranged from 0 
to 73%, for a total of 50 patients. In Kurosaka et al.’s case 
report both patients returned to sport, but just for one of 
them was it specified that the pre-injury activity level was 
reached. The patient in Malanga et  al.’s case report was 
only able to return to sport with a brace. All 14 patients 

Fig. 2  MRI appearance of patient 1 and patient 3 at the time of diagnosis and six months later, a, First MRI of patient 1 after knee injury in a short 
tau inversion recovery (STIR) sequence and, b, first MRI of patient 3 in a T2 weighted sequence, showing both swelling, complete discontinuity and 
increased signal of ACL. c, and d, MRI appearance in T2 weighted sequence of patients 1 and 3, respectively, showing complete recovery of signal 
intensity and continuity of anterior cruciate ligament.
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in Costa-Paz et  al.’s study returned to their pre-injury 
activity level. All 15 patients in Razi et al.’s paper returned 
to their sport, but it was not specified if they had any 
limitation. In other studies, data about the activity level 
achieved by patients after injury were not reported.

Discussion
The main finding of the current paper was that the spon-
taneous healing of a ruptured ACL is possible, and the 
restoration of good knee function is achievable.

The patients reported in this article, both those in our 
case series and those in the other papers, received very 
heterogeneous treatments. Several authors treated their 
patients with a flexion brace, others with an extension 
brace, and others without a brace. Physical therapy was 
not always performed, and there is no consistency in 
the type of physical or manual treatment in the differ-
ent papers included. The fact that is noticeable, however, 
when analysing the different papers is the distribution 
of ACL healing according to the site of injury. In the 4 
papers included in the review that specified the ACL 
lesion site, spontaneous healing occurred in 25 cases with 
a proximal lesion, 6 cases with a middle substance lesion, 

and 1 case of distal rupture. In the current case series, all 
the patients experienced a proximal ACL tear: 4 patients 
sustained a type I ACL lesion and 2 patients had a type 
II injury, according to Van der list et  al.’s radiographic 
classification of location of injury [22]. Those findings 
suggest that proximal-third lesions have higher healing 
potential. As reported in in  vitro studies on vasculari-
zation of the ACL, the greater concentration of vessels 
and greater relative blood flow to the proximal third of 
the ACL suggest that this region may have greater heal-
ing potential. However, vascularity is not the only factor 
influencing the healing competence of a ruptured ACL. 
Some authors sustain that the lower capacity of the ACL 
to heal is related to specific intra-articular features and 
molecular biological characteristics [25]. Others have 
focused on the lower response of the ACL to growth fac-
tors compared to other ligaments [29]. Since evidence 
shows that the ACL has valid vascularization, especially 
in the proximal third [18, 30, 31], and the platelet clot 
seems able to deliver growth factor in an adequate man-
ner to guarantee healing [19], the authors of this review 
believe that a lack of healing of a ruptured ACL is mainly 
anatomical or mechanical rather than biological [32]; 

Fig. 3  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the paper selection for literature review
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abnormal tibial subluxation and reduced mechanotrans-
duction can play their role.

Some authors have suggested that the use of a brace 
can prevent tibial anterior subluxation and any other dis-
placement of the healing ACL. Prolonged use of a knee 
brace, especially if flexed, however, leads to severe stiff-
ness after its removal and thus requires long rehabilita-
tion periods to regain knee extension, with no certainty 
that it will lead to healing of the ACL. Ihara and Kawano 
[14] in 2017 conducted a study investigating the clini-
cal and MRI outcomes of ACL-injured knees treated by 
a custom-made flexed knee brace to minimize abnor-
mal sagittal translation movements between the femur 
and tibia. They reported the results for 102 patients, but 
the inclusion criteria were not clear on the ACL lesion 
type, they did not properly assess their definition of 
healing, and did not state how many patients failed this 
treatment. However, they reported an overall improve-
ment after the treatment in anteroposterior translation 
measured by KT-1000 and ACL morphology and sig-
nal at MRI. The above-mentioned article by Ihara and 
Kawano was included in a recent systematic review con-
ducted by Pitsillides et al. [33]. The authors believe that 
this systematic review has critical issues that differentiate 
it from the current paper, and this can be inferred from 
the selection of articles included in the review. Pitsil-
lides and co-authors included and incorrectly reported 
the healing rate of the Ihara and Kawano paper (n = 7, 
which was not stated by the authors of the article them-
selves). Also, they included the article by Ihara from 1996 
[13] that in the current paper was excluded because the 
definition of healing and failure rate were unclear. Still, 
unlike in the systematic review conducted by Pitsil-
lides and co-authors, in the current paper the Ahn and 
Van Meer studies [34, 35] were excluded due to the lack 
of differentiation between total and subtotal ACL tears. 
Then, in their review the definition of healing was only 
based on MRI findings. The morphology and signal of 
the ACL on MRI can be misleading since it is common, 
during delayed ACL reconstruction surgeries, to observe 
that the proximal remnant of the torn ACL is sometimes 
attached to the surrounding tissues, such as the posterior 
cruciate ligament (PCL) or the intercondylar notch [19, 
36]. This does not allow restoration of the original knee 
biomechanics and most of the time results in instabil-
ity; the authors of the current study believe that clinical 
examination and a lack of giving-way symptoms should 
be the mainstay of the definition of healing. Finally, the 
populations, treatments, and outcomes (starting with the 
definition of healing) give too much heterogeneity to the 
patients among different articles included in the review. 
The authors of the current paper do not believe it is 

methodologically correct to pool their data and so do not 
consider Pitsillides et al.’s study design appropriate.

The current study has several limitations. Firstly, only 
6 patients are reported from our database, which pre-
vents any conclusion about non-surgical treatment of 
ACL lesions. Patients included both in the case series and 
in the review are heterogenous regarding age and activ-
ity level. Still, there is not a unique rehabilitation proto-
col, and healing was defined differently in the different 
papers. The functional results and return to sport were 
not clearly stated, the healing time was not specified, and 
no data were collected about risk factors. The authors 
believe that the greatest limit of the current study is the 
absence of epidemiological data about the incidence 
of spontaneous healing; moreover, the small number of 
patients precludes any analysis of predictive factors that 
would help us determine which patients might heal. 
Lastly, since only 3 databases were screened, it is pos-
sible that some studies have been missed in other data-
bases. While this study highlights the emerging need for 
answers about non-surgically treated ACL outcomes, no 
conclusion can be drawn because of the low quality of the 
studies analysed and the heterogeneity of results.

Despite the study limitations, the authors of the review 
believe that a conservative period before reconstruction, 
in patients with low physical demand, might reduce the 
total number of surgeries performed with all the benefits 
this reduction might encompass, including reduced sur-
gical risk for the patients and healthcare costs, and can 
lead to acceptable functional outcome.

Conclusions
In conclusion, this review suggests that the ACL has 
healing potential and may heal under some conditions. 
Conservative treatment can lead to a successful recovery 
after an acute rupture; however, it is a rare event, and the 
authors remain convinced that surgical treatment (recon-
struction or repair) is mandatory for athletic patients and 
strongly recommended for all active patients.

Abbreviations
ACL	� Anterior cruciate ligament
F	� Female
IKDC	� International Knee Documentation Committee
LM	� Lateral meniscus
M	� Male
MCL	� Medial collateral ligament
MM	� Medial meniscus
MRI	� Magnetic resonance imaging
PCL	� Posterior cruciate ligament
PKT	� Physio kinesitherapy

Acknowledgements
Not applicable.



Page 10 of 11Previ et al. Journal of Experimental Orthopaedics           (2023) 10:11 

Authors’ contributions
AF and EM have ideated the study and established the study design. LP and 
GF have collected the data. AC, AA and MRG performed the data analysis, 
data interpretation, and revised the manuscript. LP, AA and GR prepared the 
manuscript. AF, AC and EM had substantially edited the draft.The authors read 
and approved the final manuscript.

Funding
No direct funding has been received.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are 
not publicly available but are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Sant’Andrea University Hospital ethical com-
mittee and all participating subjects gave consent to this study.

Consent for publication
Consent for publication was given from all authors.

Competing interests
The authors declare that they have no competing interests.

Received: 7 July 2022   Accepted: 20 December 2022

References
	1.	 Daniel DM, Stone ML, Dobson BE, Fithian DC, Rossman DJ, Kaufman KR 

(1994) Fate of the ACL-injured patient. A prospective outcome study. 
Am J Sports Med 22:632–644

	2.	 Neurath MF, Printz H, Stofft E (1994) Cellular ultrastructure of the rup-
tured anterior cruciate ligament. A transmission electron microscopic 
and immunohistochemical study in 55 cases. Acta Orthop Scand 
65:71–76

	3.	 Lo IK, Marchuk LL, Hart DA, Frank CB (1998) Comparison of mRNA levels 
for matrix molecules in normal and disrupted human anterior cruciate 
ligaments using reverse transcriptionpolymerase chain reaction. J Orthop 
Res 16:421–428

	4.	 Murray MM, Spindler KP, Ballard P, Welch TP, Zurakowski D, Nanney LB 
(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

	5.	 Vavken P, Murray MM (2011) The potential for primary repair of the ACL. 
Sports Med Arthrosc Rev 19:44–49

	6.	 Daniel DM, Stone ML, Sachs R, Malcom L (1985) Instrumented measure-
ment of anterior knee laxity in patients with acute anterior cruciate 
ligament disruption. Am J Sports Med 13:401–407

	7.	 Jacobi M, Reischl N, Rönn K, Magnusson RA, Gautier E, Jakob RP (2016) 
Healing of the Acutely Injured Anterior Cruciate Ligament: Functional 
Treatment with the ACL-Jack, a Dynamic Posterior Drawer Brace. Adv 
Orthop 2016:1609067

	8.	 Raines BT, Naclerio E, Sherman SL (2017) Management of Anterior 
Cruciate Ligament Injury: What’s In and What’s out? Indian J Orthop 
51:563–575

	9.	 van der List JP, DiFelice GS (2017) Role of tear location on outcomes 
of open primary repair of the anterior cruciate ligament: A systematic 
review of historical studies. Knee 24:898–908

	10.	 Razi M, Soufali AP, Ziabari EZ, Dadgostar H, Askari A, Arasteh P (2021) 
Treatment of Concomitant ACL and MCL Injuries: Spontaneous Healing 
of Complete ACL and MCL Tears. J Knee Surg 34:1329–1336

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

	12.	 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

	13.	 Ihara H, Miwa M, Deya K, Torisu K (1996) MRI of anterior cruciate ligament 
healing. J Comput Assist Tomogr 20:317–321

	14.	 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

	15.	 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

	16.	 Malanga GA, Giradi J, Nadler SF (2001) The spontaneous healing of a torn 
anterior cruciate ligament. Clin J Sport Med 11:118–120

	17.	 Ofner M, Kastner A, Wallenboeck E (2014) Manual khalifa therapy 
improves functional and morphological outcome of patients with ante-
rior cruciate ligament rupture in the knee: a randomized controlled trial. 
Evid Based Complement Alternat Med 2014:462840

	18.	 Lin KM, Vermeijden HD, Klinger CE et al (2022) Differential regional perfu-
sion of the human anterior cruciate ligament: quantitative magnetic 
resonance imaging assessment. J Exp Orthop 9:50

	19.	 Nguyen DT, Ramwadhdoebe TH, van der Hart CP, Blankevoort L, Tak PP, 
van Dijk CN (2014) Intrinsic healing response of the human anterior cruci-
ate ligament: an histological study of reattached ACL remnants. J Orthop 
Res 32:296–301

	20.	 Lysholm J, Gillquist J (1982) Evaluation of knee ligament surgery results with 
special emphasis on use of a scoring scale. Am J Sports Med 10:150–154

	21.	 Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM (2011) Measures 
of knee function: International Knee Documentation Committee 
(IKDC) Subjective Knee Evaluation Form, Knee Injury and Osteoarthritis 
Outcome Score (KOOS), Knee Injury and Osteoarthritis Outcome Score 
Physical Function Short Form (KOOS-PS), Knee Outcome Survey Activities 
of Daily Living Scale (KOS-ADL), Lysholm Knee Scoring Scale, Oxford Knee 
Score (OKS), Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC), Activity Rating Scale (ARS), and Tegner Activity Score 
(TAS). Arthritis Care Res (Hoboken) 11:S208–S228

	22.	 van der List JP, Mintz DN, DiFelice GS (2017) The Location of Anterior 
Cruciate Ligament Tears: A Prevalence Study Using Magnetic Resonance 
Imaging. Orthop J Sports Med 5:2325967117709966

	23.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group (2009) Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
Statement. Open Med 3(3):e123–e130

	24.	 Amir-Behghadami M, Janati A (2020) Population, Intervention, Compari-
son, Outcomes and Study (PICOS) design as a framework to formulate 
eligibility criteria in systematic reviews. Emerg Med J 37:387

	25.	 Kokubun T, Kanemura N, Murata K, Shono H, Kanoh T, Oka Y, Ozone K, 
Morishita Y, Hayashi H, Takayanagi K (2017) Key Determinants of Anterior 
Cruciate Ligament Spontaneous Healing. J Osteopor Phys Act 5:208

	26.	 Hurley WL, Denegar C, Buckley WE (2008) The relationship between grad-
ing and instrumented measurements of anterior knee joint laxity. J Sport 
Rehabil 17:60–67

	27.	 Howell SM, Clark JA, Blasier RD (1991) Serial magnetic resonance imaging 
of hamstring anterior cruciate ligament autografts during the first year of 
implantation. A preliminary study. Am J Sports Med 19:42–47

	28.	 Ihara H, Miwa M, Takayanagi K, Nakayama A, (1994). Acute torn meniscus 
combined with acute cruciate ligament injury. Second look arthroscopy 
after 3-month conservative treatment. Clin Orthop Relat Res 307:146-154

	29.	 Yoshida M, Fujii K (1999) Differences in cellular properties and responses 
to growth factors between human ACL and MCL cells. J Orthop Sci 
4:293–298

	30.	 Arnoczky SP (1985) Blood supply to the anterior cruciate ligament and 
supporting structures. Orthop Clin North Am 16:15–28

	31.	 Scapinelli R (1997) Vascular anatomy of the human cruciate ligaments 
and surrounding structures. Clin Anat 10:151–162

	32.	 Ferretti A (2020) To heal or not to heal: the ACL dilemma. J Orthop Trau-
matol 21:11

	33.	 Pitsillides A, Stasinopoulos D, Giannakou K (2021) Healing potential of the 
anterior cruciate ligament in terms of fiber continuity after a complete 
rupture: A systematic review. J Bodyw Mov Ther 28:246–254



Page 11 of 11Previ et al. Journal of Experimental Orthopaedics           (2023) 10:11 	

	34.	 Ahn JH, Chang MJ, Lee YS, Koh KH, Park YS, Eun SS (2010) Non-operative 
treatment of ACL rupture with mild instability. Arch Orthop Trauma Surg 
130:1001–1006

	35.	 van Meer BL, Oei EH, Bierma-Zeinstra SM et al (2014) Are magnetic reso-
nance imaging recovery and laxity improvement possible after anterior 
cruciate ligament rupture in nonoperative treatment? Arthroscopy 
30:1092–1099

	36.	 Lo IK, de Maat GH, Valk JW, Frank CB, (1999) The gross morphology of 
torn human anterior cruciate ligaments in unstable knees. Arthroscopy 
15:301–306

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


	Spontaneous healing of a ruptured anterior cruciate ligament: a case series and literature review
	Purpose 
	Methods 
	Results 
	Conclusions 
	Introduction
	Methods
	Case series
	Rehabilitation
	Follow-up
	Literature review: search strategy and eligibility criteria
	Statistical analysis

	Results
	Case series
	Literature review
	Clinical outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


