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Background: Partial anterior cruciate ligament (ACL) tears are observed in 10% to 27% of isolated ACL tears. There is currently no
consensus on diagnosis and treatment protocols, and the outcomes of nonoperative treatment remain undefined.

Purpose: To assess the incidence and risk factors for the progression of partial ACL tears to complete ruptures after nonoperative
treatment in active patients younger than 30 years.

Study Design: Case-control study; Level of evidence, 3.

Methods: A total of 41 patients, all younger than 30 years and active in sports, were diagnosed with a partial ACL tear, with no
associatedmeniscal orchondral lesionsonmagnetic resonance imaging (MRI). All wereassigned toa nonoperative treatment program.
The Lachman test, �4-mm side-to-side difference in laxity by Rolimeter, and MRI were utilized for the diagnosis. Tegner and Inter-
national Knee Documentation Committee (IKDC) scores were assessed before and after the first lesion, and the Anterior Cruciate
Ligament Return to Sport After Injury (ACL-RSI) score was assessed at last follow-up. Postinjury Tegner and IKDC scores were
assessedbefore thesecond injury forpatients progressing toacomplete ACL tearandat last follow-up forpatientswithoutprogression.

Results: At a mean of 43 months (range, 24-96 months), the partial ACL injury progressed to a complete ACL tear in 16 (39%)
patients. In the remaining 25 patients without progression, the mean Tegner and IKDC scores were 7.0 and 96.0 before the injury
and 5.9 and 85.7, respectively, at last follow-up. The mean ACL-RSI score was 69.3. The Tegner and IKDC scores were signifi-
cantly lower at final follow-up (P = .0002 and P < .0001, respectively). Only 18 (44%) patients returned to their preinjury level of
sports activities. A significantly increased risk of progression to a complete ACL tear was seen in patients �20 years (odds ratio,
5.19; P ¼ .037) or patients practicing pivoting contact sports (odds ratio, 6.29; P ¼ .026). Meniscal lesions were found in 50% of
patients with a partial tear that progressed to a complete ACL tear.

Conclusion: A partial ACL injury progressed to a complete ACL tear in 39% of young active patients treated conservatively, with
half of the complete tears presenting with a concomitant meniscal lesion at the time of reconstruction. Age �20 years and par-
ticipation in pivoting contact sports were identified as significant risk factors for progression to a complete tear.
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Partial anterior cruciate ligament (ACL) tears have been
observed in 10% to 27% of isolated ACL injuries.11,47 There
is no consensus on the definition of a partial ACL tear, and
there is a lack of consistency in the literature with regard to
its treatment. Patients present with moderate anterior
knee laxity, a firm but delayed endpoint on the Lachman

test, and a pivot glide or no pivot shift.3,47 The definitive
diagnosis of a partial ACL tear is provided by arthroscopic
surgery14,17,36,47; however, systematic arthroscopic surgery
as a diagnostic tool is not feasible or recommended. Several
authors have made the diagnosis of a partial ACL tear
based on a clinical examination with a focus on establishing
whether a firm endpoint exists during Lachman testing,
whether an instrumented assessment establishes a side-
to-side difference in laxity of less than 4 to 5 mm, and also
based on the findings of magnetic resonance imaging
(MRI).39,42-44
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Conservative treatment is usually reserved for patients
with a mean side-to-side difference in laxity of less than 4 or
5 mm as measured by the Rolimeter (Aircast) without a
pivot shift.39,41-44 However, there is a high degree of vari-
ability with regard to the success rate of this approach in
young and very active patients after a partial ACL
injury.4,20,27 After 1.5 to 5.3 years of follow-up, partial tears
have progressed to complete tears in 14% to 56% of cases
with nonoperative management.4,5,11,15 The capacity for
spontaneous healing and remodeling after a complete ACL
injury is relatively poor.12,21,52 Barrack et al5 compared
nonoperative treatment outcomes in partial versus com-
plete ACL tears and found a significantly lower rate of
associated meniscal tears and subsequent ACL reconstruc-
tion in partial tears, with better clinical scores.

There is no consensus with regard to the surgical treat-
ment of partial ACL tears. Preserving native ACL remnant
fibers may provide several theoretical advantages over
reconstruction, including preservation of the natural anat-
omy, physiology, proprioception, vascularity, and mechano-
receptors.1,2,14,28,35,38,40 The purpose of this study was to
assess the incidence and risk factors for the progression of
partial ACL tears to complete ruptures after nonoperative
treatment in young active patients.

METHODS

A retrospective analysis of prospectively collected data was
performed in patients who underwent nonoperative treat-
ment for a partial ACL tear between October 1, 2008, and
June 30, 2014. Approval from an institutional review board
was granted before commencement of this study.

The inclusion criteria were age younger than 30 years, a
high activity level, and a diagnosis of a partial ACL tear. A
high activity level corresponded to regular sports activity
(recreational or competitive) and not occasional activity.
This could include patients who did not participate in
sports/activities with cutting/pivoting. The diagnosis of a
partial ACL tear was based on the following:

� clinical examination demonstrating a delayed but firm
endpoint on the Lachman test,

� �4-mm side-to-side difference in laxity with the Roli-
meter without a positive pivot shift,39,42-44

� MRI without evidence of a complete ACL tear and pri-
mary and/or secondary signs of a partial ACL tear.16

MRI was also performed to assess the articular cartilage
and menisci. MRI scans were read by dedicated muscu-
loskeletal radiologists and surgeons with significant

experience in reviewing ACL injuries at the time of the
first or second (if MRI had not been performed before the
first presentation) visit to the clinic.

Patients required at least 12 months of clinical follow-up
and at least 24 months of patient-reported outcome data to
be included in the study. Exclusion criteria were associated
meniscal or chondral lesions at the time of diagnosing the
partial ACL tear, a �5-mm side-to-side difference in laxity
as measured with the Rolimeter, a positive pivot shift, pre-
vious surgery to the knee, a contralateral partial or com-
plete ACL tear, concomitant non-ACL ligamentous injuries
of either knee, and patients not involved in sports activities.

The type of sport was classified into 3 categories: pivoting
contact sport (soccer, rugby, handball, basketball, etc),
pivoting sport (tennis, badminton, skiing, etc), and non-
pivoting sport (running, swimming, cycling, etc).

All patients followed a standardized rehabilitation pro-
tocol. During the first 6 weeks, weightbearing was allowed
with the aid of crutches with no brace, and rehabilitation
focused on range of motion restoration and progressive
quadriceps strengthening. Between 6 weeks and 3 months,
there was a progressive increase in the intensity of quadri-
ceps and hamstring strengthening, and a neuromuscular
training program was introduced. After 3 months, patients
engaged in nonpivoting sports and, after 4 months, pivoting
sports.

Patients were assessed with a clinical examination at a
minimum of 1 year after the injury. The Lachman test was
utilized to assess anterior knee laxity, pivot-shift test was
used to assess rotatory knee instability, and side-to-side
difference in laxity was measured by the Rolimeter. Fur-
thermore, all patients were contacted to check if they had
any new ipsilateral knee symptoms or injuries.

Knee function was examined using the International
Knee Documentation Committee (IKDC)24 subjective score,
and the level of sport was evaluated with the Tegner score .
The Anterior Cruciate Ligament Return to Sport After
Injury (ACL-RSI)6 score was obtained to analyze the psy-
chological response to returning to sports after a partial
ACL tear.

Preinjury Tegner and IKDC scores were obtained at the
time of the initial consultation and denoted patients’ base-
line activity level. The IKDC score was utilized at final
follow-up to establish the resultant knee function. Finally,
the ACL-RSI score was established at final follow-up or, if
this occurred, at the time before the second injury with
progression to a complete ACL tear (Figure 1).
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The time between the ACL injury and diagnosis, the type
and level of sports activities before and after the injury, the
incidence of progression to a complete ACL tear, and any
development of cartilaginous and meniscal lesions were
recorded. Failure of conservative treatment was defined
as knee instability, manifest as a sensation of the knee
“giving way,” increased ligamentous laxity on examination,
and evidence of knee abnormalities and/or complete ACL
tears on MRI.

Statistical Analysis

Descriptive statistics were expressed as means, medians,
and standard deviations for continuous data or as fre-
quency counts and percentages for categorical data.
Because of the small sample size, nonparametric statisti-
cal inference was conducted in this study. Comparisons
between patients with a partial ACL tear and those with
a complete ACL tear were performed using the Mann-
Whitney U test for continuous variables. The Wilcoxon
signed-rank test was used for comparisons between “pre
and post” partial ACL tears for continuous variables. A
backward multivariate logistic regression model was used
to identify the factors for the progression of partial ACL
tears. The level of significance was set at 5% (a ¼ 0.05),
and all tests were 2-tailed. SAS version 9.4 (SAS Institute)
was used for all statistical analyses.

RESULTS

A total of 41 patients satisfied the study criteria and were
evaluated for a mean of 43 months (range, 24-96 months)
(Figure 2). There were 24 men (59%) and 17 women (41%).
The mean age at the time of the ACL tear was 20.6 years
(range, 14-28 years). The left knee was injured in 22
patients and the right knee in 19 patients (Table 1). The
mean time between the injury and the first consultation
was 60 days (range, 2-271 days). The mean side-to-side dif-
ference was 2.6 mm (range, 0-4 mm) (Table 2). The diagno-
sis of partial ACL tears for patients with a side-to-side
difference of 0 and 1 mm was made with reference to type
of trauma, swelling, and MRI findings.

The mean Tegner score was 7.3 (range, 5-10) before the
injury and 6.3 (range, 3-10) at last follow-up. Only 18 (44%)

patients returned to sports activities at the same level as
before the injury (mean Tegner score, 7.4). The mean IKDC
score was 96.8 (range, 84-100) before the partial ACL injury
and 84.1 (range, 54-100) at last follow-up. Tegner and IKDC
scores were significantly lower at final follow-up (P = .0002

Figure 1. Timeline of evaluation. ACL-RSI, Anterior Cruciate
Ligament Return to Sport After Injury scale; IKDC, Interna-
tional Knee Documentation Committee.

Figure 2. Flow chart. ACL, anterior cruciate ligament.

TABLE 1
Demographic Dataa

Partial Tear
(n ¼ 25)

Complete
Tear

(n ¼ 16)
Total

(N ¼ 41)

Sex
Male 13 (52.0) 11 (68.8) 24 (58.5)
Female 12 (48.0) 5 (31.3) 17 (41.5)

Age, mean (range), y 21.6 (14-28) 19.1 (14-27) 20.6 (14-28)
Injured side

Left 11 (44.0) 11 (68.8) 22 (53.7)
Right 14 (56.0) 5 (31.3) 19 (46.3)

Type of sport
Pivoting contact 10 (40.0) 12 (75.0) 22 (53.7)
Pivoting 10 (40.0) 2 (12.5) 12 (29.3)
Nonpivoting 5 (20.0) 2 (12.5) 7 (17.1)

aData are presented as n (%) unless otherwise indicated.
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and P < .0001, respectively). The mean ACL-RSI score was
69.3 (range, 25-98) (Table 3).

Sixteen (39%) patients progressed to a complete ACL
tear at a mean of 20 months (range, 6-43 months), as con-
firmed with MRI and/or intraoperatively. Thirteen patients
underwent ACL reconstruction, and 3 were scheduled for
surgery. A complete ACL tear was associated with sports-
related trauma in 12 patients (75%; 10 in pivoting contact
sports, 1 in skiing, and 1 in cycling) and was atraumatic in 3
patients (19%); in 1 patient (6%), the injury mechanism was
unclear. The mean Tegner score in those 16 patients was
7.9 (range, 6-10) before the injury and 7.0 (range, 4-10)
before the second injury. The mean ACL-RSI score in this
population was 66.7 (range, 38-100) before the second
injury (Table 3).

In the group of patients aged �20 years (20/41), there
was a statistically significantly greater number (odds ratio,
5.19; P ¼ .037) of complete ACL tears than in the older
group (21-28 years). The mean Tegner score in this popula-
tion was 7 (range, 5-10) before the injury and 6 (range, 3-9)
at last follow-up. The mean IKDC score was 96 (range, 84-
100) before the partial ACL injury and 82 (range, 69-98) at
last follow-up. The mean ACL-RSI score in this population
was 72 (range, 54-100) at last follow-up. Nine (45%)
patients underwent surgery because of failure of

nonoperative management. Eight (40%) patients were play-
ing pivoting contact sports, and 6 of them (75%) progressed
to a complete ACL rupture (Tables 3 and 4).

Patients who returned to pivoting contact sports after a
partial ACL tear experienced a statistically significant pro-
gression to a complete ACL tear (odds ratio, 6.29; P ¼ .026)
(Table 4). Patients without progression to a complete ACL
tear had significantly lower Tegner scores (mean, 5.9
[range, 3-8]; P = .0002) compared with patients who pro-
gressed to a complete ACL tear (mean, 7.0 [range, 4-10]),
but they also had a higher Tegner score before the injury
(Table 3).

There were no statistically significant differences in sex,
anterior laxity (as assessed with the Rolimeter at the time
of the first injury), pivot-shift test results, or ACL-RSI
scores between those who progressed to a complete tear and
those who did not.

Meniscal lesions were found in 50% of patients with a
partial tear that progressed to a complete ACL tear. These
involved the lateral meniscus in 4 patients, the medial
meniscus in 3 patients, and both the lateral and medial
menisci in 1 patient (Table 5). Concerning lateral meniscal
abnormalities, 4 cases presented with posterior instability,
3 were treated by all-inside suturing (Fast-Fix; Smith &
Nephew), and the remaining cases resolved via spontane-
ous healing; 1 was a complex lesion treated by partial
meniscectomy. Concerning the medial meniscus, 4 were
ramp lesions, all treated by posteromedial hook sutures.
No cartilage lesions were observed in tears that progressed.

DISCUSSION

The most important finding of the current study was that,
in young active patients with partial ACL tears treated
nonoperatively, 39% progressed to a complete tear at a
mean of 43 months after the first injury. Age�20 years and

TABLE 2
Side-to-Side Differences by Rolimeter

Side-to-Side Difference No. of Patients

0 mm 2
1 mm 1
2 mm 19
3 mm 8
4 mm 11

TABLE 3
Preinjury and Postinjury Scoresa

Partial Tear (n ¼ 25) Complete Tear (n ¼ 16) Total (N ¼ 41)

Before injury
Tegner

n 24 12 36
Mean ± SD (range) 7.0 ± 1.4 (5-10) 7.9 ± 1.3 (6-10) 7.3 ± 1.4 (5-10)

IKDC
n 23 12 35
Mean ± SD (range) 96.0 ± 4.0 (84-100) 98.5 ± 2.9 (90-100) 96.8 ± 3.8 (84-100)

After injury
Tegner

n 23 12 35
Mean ± SD (range) 5.9 ± 1.6 (3-8) 7.0 ± 1.8 (4-10) 6.3 ± 1.7 (3-10)

IKDC
n 23 12 35
Mean ± SD (range) 85.7 ± 10.0 (69-99) 80.9 ± 12.4 (54-100) 84.1 ± 10.9 (54-100)

ACL-RSI
n 21 12 33
Mean ± SD (range) 69.3 ± 19.2 (25-98) 66.7 ± 15.7 (38-100) 68.3 ± 17.8 (25-100)

aACL-RSI, Anterior Cruciate Ligament Return to Sport After Injury; IKDC, International Knee Documentation Committee.
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participation in pivoting contact sports were significant
predictive factors for failure of conservative treatment, that
is, progression to a complete ACL tear. Meniscal lesions
were found in 50% of cases that progressed to a complete
ACL tear.

The diagnosis of a partial ACL tear remains controver-
sial because there is no single “gold-standard” method, but
rather, the diagnosis tends to rely on a combination of find-
ings.11,17,43,47,49 Laxity measurements are very subtle in
partial tears. Isberg et al25 found that 50% of KT-1000 arth-
rometer results led to a false negative finding. That rate
improved when the patient was assessed under anesthesia,
which is the best situation for evaluating the functional
state of the remaining fibers.3,11,31,37 Imaging may rein-
force the diagnosis. The Telos device measurement on lat-
eral radiographs have shown a strong correlation with
arthroscopic findings.37 MRI may suggest a partial ACL
tear, although it has low sensitivity and specific-
ity.1,7,16,23,48,49,54 Van Dyck et al50 suggested that certain
axial and perpendicular views are more accurate in making
diagnoses based on MRI and can be improved by a 3-T MRI
protocol .13,16,46 We agree that a combination of these find-
ings can confirm the diagnosis of a partial ACL tear.16,49 We
note that some of our partial tears may have been complete
tears, but caution during the pivot-shift examination and
Rolimeter testing and possible difficulties interpreting MRI
scans may have underdiagnosed these injuries.

Conversely, certain series have suggested that partial
tears of the ACL are functionally equivalent to complete
tears and that nonoperative management generates poor
results.5,11,22,30 Many authors have reported ACL defi-
ciency rates of 14% to 56% after the nonoperative manage-
ment of partial tears.5,11,17,22,34,49 DeFranco and Bach16

suggested that this discrepancy is caused by variations in
the definition of a partial injury of the ACL. These studies
evaluated a heterogeneous population of patients in terms
of age and meniscal injury status. The current study
focused on a relatively homogeneous cohort presenting
with a partial ACL tear. All the patients were active in
sports and younger than 30 years. Initially, none had asso-
ciated cartilaginous or meniscal lesions. Despite this homo-
geneous population, our rate of tear progression was
similar to that in previous studies.5,11,17,22,34,49

Noyes et al34 described, in 1989, a high rate of progres-
sion from a partial tear to a complete ACL rupture (38%). In
1997, Fritschy et al20 published a study of 43 patients with
partial tears in which 41.8% progressed to a complete tear,
usually as the result of minor trauma. Bak et al4 reported a
lower rate of progression to complete tears (11%) while stat-
ing that the best prognosis for ongoing knee function
involved the cessation of knee-stressing activities. Barrack
et al5 compared partial and complete tears treated non-
operatively and found that overall, the patients with partial
tears had better outcomes than those with complete tears,
despite a 31% rate of poor results in the partial tear
population.

Nonoperative treatment has its particular indications
and reasonable results, but the typical patient profile has
changed. Patient expectations of long-term sports partici-
pation have grown exponentially in tandem with increased
longevity. In addition, patients are increasingly aware of
how much time they will be out of work or away from their
sport and how these time periods may differ between non-
operative and operative approaches.

The current study demonstrated that age �20 years and
participation in pivoting contact sports are significant pre-
dictive factors for failure of the nonoperative treatment of
partial ACL tears. Nine patients �20 years of age (45%)
developed a complete ACL tear and underwent surgery.
The Danish registry for knee ligament reconstruction, with
12,193 cases of primary ACL reconstruction, revealed a
high rerupture rate in patients under 20 years of age
(8.7%) compared with patients older than 20 years (2.8%)
after primary ACL reconstruction.30 A study from Ontario,
Canada, with 12,967 primary ACL reconstructions in
patients aged from 15 to 60 years, showed that patients
under 20 years of age had a 5.6% increased risk of ACL
reruptures after primary ACL reconstruction.51 Mean-
while, those aged over 20 years had a 2.5% increased risk
of reruptures. The same study showed that patients youn-
ger than 20 years had a 7.9% increased risk and that
patients older than 20 years had a 3.9% increased risk for
contralateral ACL ruptures.51 These results trigger the
question as to whether it is wise to rush to arthroscopic
reconstruction of ACL ruptures and/or partial ACL rup-
tures in patients under 20 years of age.

TABLE 4
Predictive Factors for Complete Tear

After Nonoperative Treatment

95% CI P

Age (at the time of partial tear)
>20 vs �20 y 0.04-0.84 .037a

Level of sports activity (before partial tear)
Competition vs training 0.61-22.47 .213
Competition vs recreation 0.53-9.51 .283

Type of sport
Pivoting contact vs others 1.36-38.03 .026a

aStatistically significant.

TABLE 5
MRI Findings of Complete Tearsa

n (%)

MRI performed
Yes 14/16 (87.5)
No 2/16 (12.5)

Cartilage lesion
Yes 0/14 (0.0)
No 14/14 (100.0)

Meniscal tear 8/16 (50.0)
Lateral meniscus 4/8 (50.0)
Medial meniscus 3/8 (37.5)
Both menisci 1/8 (12.5)

aMRI, magnetic resonance imaging.
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The aim of most patients presenting with an ACL lesion
is return to sports and ideally at the same level of perfor-
mance as before the injury. Noyes et al34 did not find any
correlation between the Tegner score before and after a
partial ACL injury or with progression to complete liga-
ment deficiency. At a mean 7.3-year follow-up, rate of
return to sports at the same level was only 12.5% in their
cohort.34 Barrack et al5 found that 40% of 35 patients with
partial ACL tears were able to return to their preinjury
level at a mean follow-up of 41 months. The age at the time
of the injury ranged from 15 to 45 years, and the level of
sport was not specified.5 Bak et al4 evaluated 56 patients
presenting with a partial ACL tear, without associated
meniscal or chondral lesions, at a mean follow-up of 5.3
years. Only 30% of patients resumed their preinjury level
of activities.4 In the current study, the activities most fre-
quently associated with an ACL injury were pivoting
sports, especially skiing, rugby, and soccer. We found a
significant decrease in the Tegner score at 24 months after
nonoperative treatment for a partial ACL injury. Func-
tional management allowed a return to preinjury level
sports in only 44% (n ¼ 18) of the patients. Among those
patients �20 years of age, only 5 of 20 (25%) were able to
return to their preinjury level. The ACL-RSI score analyzes
the psychological impact of an ACL tear on return to sports.
In the current study, a mean ACL-RSI score of 68 of 100
after a partial ACL tear at 12-month follow-up was
observed. These scores may be explained by patient appre-
hension upon returning to sports. We did not find a signif-
icant relationship between the ACL-RSI score and
progression to a complete rupture.

These results lead to a discussion about the rehabilita-
tion program for these patients. There is a lack of literature
about rehabilitation for partial ACL tears. Among these
patients progressing to complete tears, specific rehabilita-
tion and a delayed return to sports should be discussed.

Over the years, many ACL reconstruction techniques
have been described, including single-bundle repair, ACL
augmentation, ACL reconstruction, and biological
approaches. Single-bundle repair is rarely performed for
the treatment of partial tears of the ACL because histori-
cally this mode of repair has resulted in poor clinical out-
comes.29,41 Recently, arthroscopic techniques have
improved ACL repair, augmentation, and reconstruction
outcomes.18,36 Adachi et al1 performed hamstring and
allogenic fascia lata augmentation and stated that ACL
augmentation is superior to ACL reconstruction from the
viewpoint of proprioception and joint stability because of
mechanoreceptor preservation in ACL remnants. In the
past decade, an interest in biological approaches has
grown progressively, with studies on the healing
response,45 cell therapy,8-10 augmentation with growth
factors,15,26,32,53 platelet-rich plasma,40 and scaffolds þ
suture þ platelet-rich plasma.19 Biological enhancement
of the ACL33 has generated promising preclinical and
short-term clinical outcomes, but further studies are nec-
essary to define the role of these approaches in the treat-
ment of partial ACL tears.14

This study has several limitations, including a limited
sample size, lack of a control group, and retrospective

design with prospectively collected data. There was a lack
of a standard definition of a partial tear and no follow-up
MRI to assess healing in those without further injuries.
Despite these factors, this study cohort was relatively large
when considering the incidence of partial ACL injuries. The
last follow-up evaluation was conducted by telephone; only
35 of 41 patients provided both IKDC and Tegner scores,
and only 33 of 41 patients provided the ACL-RSI score. The
strengths of this study include a prospectively populated
database and standardized diagnosis, treatment, and reha-
bilitation protocols.

CONCLUSION

A partial ACL injury progressed to a complete ACL tear in
39% of young active patients treated nonoperatively.
Patient age �20 years and participation in pivoting contact
sports were identified as significant risk factors for the pro-
gression to a complete tear.
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