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Introduction

The first surgical treatment of anterior cruciate ligament 
(ACL) injuries consisted of open primary repair [22–25, 
27, 35]. The initial short-term outcomes in the 1970s and 
1980s were promising [8, 9, 16], but Feagin and Curl were 
the first to note a deterioration of these results at mid-
term follow-up [10]. Despite many improvements, such as 
using non-absorbable sutures [18, 19], the results remained 
unpredictable at mid-term follow-up [13], and the tech-
nique was ultimately abandoned [35].

At the end of the primary repair era, in 1991, Sherman 
et al. [28] attempted to find an explanation for the deteriora-
tion of their results at mid-term follow-up by performing an 
extensive subgroup analysis. They categorized ACL tears 
by tear location and tissue quality and noted that better 
outcomes were associated with proximal (type I) tears and 
good tissue quality compared to mid-substance tears and 
poor tissue quality. Subsequently, several authors reported 
excellent outcomes of open primary repair when selectively 
treating patients with proximal tears and good tissue qual-
ity [4, 11, 37]. Despite these results, reconstructive surgery 
had become the standard operative treatment for all ACL 
injuries [35].

More recently, there has been a renewed interest in pri-
mary ACL repair using arthroscopy. DiFelice et  al. were 
the first to report excellent outcomes of arthroscopic pri-
mary repair in patients with proximal (type I) tears and 
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good tissue quality [7], and others confirmed these find-
ings [1, 3, 29, 38]. These studies, similar to the study of 
Sherman et al. in 1991, emphasized that patient selection is 
critical for good results of arthroscopic primary ACL repair 
[1, 3, 6, 7, 29, 38]. With the usage of magnetic resonance 
imaging (MRI), a preoperative assessment can be made for 
which patients might be eligible for arthroscopic primary 
repair, but knowledge on the predictive role of MRI is cur-
rently lacking.

Therefore, the goal of this study was to assess the predic-
tive role of preoperative MRI on the eligibility for arthro-
scopic primary repair of proximal ACL tears. The research 
questions were (I) what tear types were seen on preopera-
tive MRI in patients that were eligible and not eligible for 
primary repair, and (II) can a preoperative assessment for 
arthroscopic primary ACL repair be made using MRI. The 
hypotheses were that (I) different tear location and tissue 
quality were seen on preoperative MRI in patients eligible 
and not eligible for primary repair, and (II) preoperative 
MRI could be used to predict eligibility for primary repair. 
Findings in this study may help the orthopaedic surgeon 
in making a preoperative assessment of the eligibility of 
primary repair and provide insight into the incidence of 
repairable ACL tears.

Materials and methods

A retrospective search was performed in the database of the 
senior author (Gregory S. DiFelice) for patients undergo-
ing ACL surgery between April 2008 and January 2017. 
Patients were excluded if preoperative MRI was unavail-
able or of insufficient quality (n = 72), arthroscopy images 
and videos were unavailable or of insufficient quality 
(n = 12), or both were unavailable or of insufficient qual-
ity (n = 7). Furthermore, patients were excluded when time 
between injury and MRI was >3 months (n = 11), or time 
between MRI and arthroscopic surgery was >3  months 
(n  =  18). Finally, patients were excluded for distal bony 
avulsion tears (n  =  3), as this study focused on proximal 
ACL repair eligibly. A total of 130 patients met the exclu-
sion and inclusion criteria and could be included.

Baseline characteristics of included patients

Included patients had a median age of 31  years (range 
14–66 years) and BMI of 25 kg/m2 (range 18–44 kg/m2). 
Most patients were males (60%) and had right-sided injuries 
(57%). Sixty-three patients (48%) underwent arthroscopic 
primary repair, and 67 (52%) patients underwent recon-
struction. No significant differences between the repair 
group and reconstruction group were found with regard to 
age, BMI, gender, side of injury, injury mechanism, or time 

from MRI to surgery, although repair patients had shorter 
time from injury to MRI than the reconstruction patients (5 
vs. 9 days, p = 0.015) (Table 1).

Surgical techniques

During this period, all included patients preoperatively 
agreed to the same treatment algorithm: patients would 
undergo primary ACL repair if sufficient length and tis-
sue quality were noted intraoperatively, or they would 
undergo single-bundle ACL reconstruction. All surgeries 
were performed by the senior author (Gregory S. DiFe-
lice). Arthroscopic primary repair was performed with 
suture anchor fixation of both the anteromedial and poste-
rolateral bundle, as previously described [5, 38]. An Inter-
nalBrace (Arthrex, Naples, FL, USA) was added to the 
repair in 62% of patients since the availability of this tech-
nique to protect the healing of the ligament, as previously 
described [17]. Single-bundle anatomical ACL recon-
struction was performed in the reconstruction group using 
soft tissue autografts (21%), allografts (58%) or hybrid 
(autograft/allograft, 3%), or bone–patellar tendon–bone 
autografts (18%).

Data collection

First, general data were collected, including date of birth, 
date of injury, date of MRI, date of surgery, age, gender, 
BMI, side of injury, and injury mechanism. Then, tear 
location and tissue quality of all patients were reviewed 
on preoperative MRI using the modified Sherman clas-
sification by van der List et al. [39]. On the axial, coro-
nal, and sagittal views, the ACL was reviewed and the 
exact tear location was determined. Using a ruler, the 
length of the tibial and femoral remnants was measured 
and the tear location was classified as one of the follow-
ing tear types (Table  2): type I proximal avulsion tear 
(distal remnant length >90%; Fig.  1), type II proximal 
tear (75–90%; Figs.  2, 3, 4), or type III mid-substance 
tear (middle 25–75%; Fig.  5) [21, 33, 34]. This method 
has been shown to have substantial interobserver (Kappa 
0.670) and substantial to nearly perfect intra-observer 
reliability (Kappa 0.741–0.934) [39]. Tissue quality was 
graded as one of the following grades using the clas-
sification of Sherman et  al. [28] (Table  1): good (when 
(nearly) all fibres were running in the same direction and 
the signal was homogenous; Figs.  1 and 2, fair (when 
part of the fibres was running in same direction and the 
signal was mildly heterogeneous; Figs. 3, 5), or poor tis-
sue quality (when most fibres were running in different 
directions and the signal as heterogeneous; Fig. 4).     

Next, the arthroscopic videos of all patients were 
reviewed, blinded for the MRI grading. Intraoperatively, 
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the senior author recorded the assessment of tissue length 
and tissue quality using video in all patients. Tissue 
length was assessed by inspection of the tear location, 
probing the ligament, and tensioning the distal remnant 
proximally with a grasper. It was noted whether the tis-
sue length was sufficient, or insufficient, for reinsertion 
onto the femoral wall. Tissue quality was assessed by 
inspection, by probing the ligament, and during suture 
passage. It was noted if the tissue quality was sufficient, 
or insufficient, for suture passage and tensioning towards 
the femoral wall. Finally, the ultimate treatment (repair 
or reconstruction) was assessed and noted. Institutional 
Review Board approval was obtained from the Hospital 
for Special Surgery (IRB #16006).

Statistical analysis

Statistical analysis was performed using SPSS Version 24 
(SPSS Inc., Armonk, NY, USA). Independent t tests were 
used to compare continuous data, and Chi-square tests were 
used to compare nominal data. A flowchart was created 
to assess what percentage of patients could ultimately be 
repaired based on the tear location and tissue quality based 
on preoperative MRI. Continuous data were presented 
in mean  ±  standard deviation (SD). All tests were two-
sided, and a difference of p < 0.05 was considered statisti-
cally significant. Sample size calculation revealed that 34 
patients were needed in both groups in order to show a 20% 
difference with a power of 0.80 and a p value of 0.05.

Table 1   Baseline 
characteristics of all patients in 
this study cohort and stratified 
by final treatment

* Independent t tests were performed for continuous variables, and Chi-square tests (or Fisher’s exact tests 
when less than 5 patients were in one of the cells) were performed for nominal data

Factor All patients
n = 130

Repair
n = 63

Reconstruction
n = 67

P value*

Age [years; median (range)] 31 (14–66) 34 (14–66) 26 (14–55) n.s.
BMI [kg/m2; median (range)] 25 (18–44) 24 (18–34) 25 (18–44) n.s.
Male gender [n (%)] 78 (60%) 36 (57%) 42 (63%) n.s.
Right side [n (%)] 74 (57%) 36 (57%) 38 (57%) n.s.
Injury to MRI [days; median (range)] 6 (0–91) 9 (1–90) 5 (0–91) 0.015
MRI to surgery [days; median (range)] 24 (1–91) 16 (1–91) 27 (4–89) n.s.
Injury mechanisms [n (%)] n.s.
 Skiing 29 (22%) 18 (29%) 11 (16%)
 Basketball 18 (14%) 10 (16%) 8 (12%)
 Soccer 18 (14%) 6 (10%) 12 (18%)
 Football 8 (6%) 2 (3%) 6 (9%)
 Rugby 8 (6%) 5 (8%) 3 (4%)
 Martial arts 4 (3%) 2 (3%) 2 (3%)
 Motor vehicle accident 4 (3%) 0 (0%) 4 (6%)
 Lacrosse 4 (3%) 3 (5%) 1 (1%)
 Jump from height 3 (2%) 2 (3%) 1 (1%)
 Gym 3 (2%) 3 (5%) 0 (0%)
 Other/unspecified 27 (24%) 12 (19%) 19 (28%)

Table 2   Grading scales that were used to define the tear location and tissue quality of all patients on preoperative MRI

MRI indicates magnetic resonance imaging

Tear location Examples Location of tear

Type I Figure 1 >90% distal remnant length
Type II Figures 2, 3, 4 75–90% distal remnant length
Type III Figure 5 25–75% distal remnant length

Tissue quality Examples Direction fibres Fluid in ligament Signal T1 Signal T2

Good Figures 1, 2 Same direction None Homogenous Low (dark)
Fair Figures 3, 5 Most in same direction Some Mildly heterogeneous Medium (dark grey)
Poor Figure 4 Different directions Much Heterogeneous High (light grey)
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Results

Preoperative MRI findings

In the total cohort, 22% of patients had a type I tear, 55% 
a type II tear, and 22% a type III tear. Most patients had 
good tissue quality (49%), while 28% had fair and 23% had 
poor tissue quality. The most commonly observed combi-
nations of tear location and tissue quality were type I tears 
with good tissue quality (20%; Fig.  1), type II with good 
tissue quality (26%; Fig. 2), type II with fair tissue quality 

(17%; Fig. 3), type II with poor tissue quality (14%; Fig. 4) 
(Table 3).

Type I tears were more commonly seen in repair 
patients (41 vs. 4%, p  <  0.001), and type III tears were 
more commonly seen in reconstruction patients (37 vs. 
6%, p  <  0.001), while there was no difference in inci-
dence of type II tears in repair and reconstruction patients 
(52 vs. 58%, respectively, p = n.s.). In the repair group, 
significantly more patients had good tissue quality com-
pared to reconstruction patients (89 vs. 12%, p < 0.001), 
while reconstruction patients had more often fair (43 vs. 

Fig. 1   Sagittal T1 (a) and T2 (b) views show a type I proximal avul-
sion tear (arrows) with good tissue quality, characterized by homoge-
neous dark signal of fibres running in the same direction on T2 views 
(b). With arthroscopy, the tissue quality (asterisks) is confirmed (c), 

and probing of the ligament (d) shows a proximal type I tear with suf-
ficient tissue length and an empty femoral wall (asterisks), although 
some scar tissue is found between the remnant and the wall (arrow). 
Primary repair was performed without the need of an InternalBrace
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11%, p  <  0.001) or poor (44 vs. 0%, p  <  0.001) tissue 
quality than repair patients.

Predictive role of tear location on MRI

It was noted that 90% of all MRI type I tears, 47% of 
MRI type II tears, and 14% of MRI type III tears were 
eligible for and treated with primary repair (Fig. 1). One 
patient with an MRI type II tear was found eligible for 
primary repair but was converted to reconstruction after 
a significant gap was noted between the femoral wall 
and the repaired ligament after InternalBrace tensioning 
(Table 3).

Predictive role of combination of tear location 
and tissue quality on MRI

It was noted that all patients with type I tears with good 
tissue quality were repaired. Of all patients with type II 
tears, it was noted that 88% of patients with good tissue 
quality, 23% of patients with fair tissue quality, and 0% of 
patients with poor tissue quality were repaired. Finally, it 
was noted that 33% (2/6) patients with type III tears with 
good tissue quality, 15% of patients with type III tears 
with fair tissue quality, and no patients with type III tears 
and poor tissue quality were repaired (Fig. 6).

Fig. 2   Sagittal T1 (a) and T2 (b) views show a type II proximal tear 
(arrows) with good tissue quality (asterisks). Arthroscopy with prob-
ing (asterisks) confirms that sufficient tissue length for primary repair 
is present (c). Some fibres of the posterolateral bundle are present on 

the femoral wall (d, arrow), which explains the discrepancy between 
a type II tear on MRI and a type I proximal avulsion tear on arthros-
copy (asterisks). Primary repair was performed, and an InternalBrace 
was added
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Discussion

The main findings of this study were that preoperative 
MRI provided important predictive information on the 
eligibility and possibility of arthroscopic primary repair 
of the proximal ACL tears. In this cohort, 90% of type 
I tears and 46% of type II tears could be repaired, while 
only 14% of type III tears were repairable. Using tear 
location and tissue quality on preoperative MRI, it was 
noted that 93% of patients with the combination of type 
I or II tears and good tissue quality could be repaired. 
These data can significantly aid the orthopaedic surgeon 
in making a preoperative assessment of arthroscopic pri-
mary repair of proximal ACL tears.

Sherman et al. [28] were the first to note the role of tear 
location and tissue quality on the outcomes of open primary 
ACL repair in 1991. Following their study, several authors 
reported on treating of proximal (type I) tears with open 
primary [4, 11] or augmented repair [12, 14]. Genelin et al. 
[11] published the mid-term outcomes of open primary 
repair of proximal ACL tears and found no deterioration 
of outcomes at mid-term follow-up in this selective group, 
as opposed to several studies that noted deterioration at 
mid-term follow-up when performing primary repair in all 
tear types [10, 13, 30]. In these years, MRI was not widely 
available, and therefore, no historical studies assessed the 
role of preoperative MRI on patient selection for primary 
repair of proximal ACL tears [20, 31, 40]. At the time that 

Fig. 3   Sagittal T1 (a) and T2 (b) views show a type II proximal tear 
(arrows) with fair tissue quality (asterisks in a) and some fibres on 
the femoral wall (asterisks in b). Arthroscopy with probing (C) con-
firms that some fibres are present on the femoral wall (asterisks) and 

that most of the ligament has sufficient tissue quality (d, arrow) but is 
not perfect (asterisks). This ligament could be repaired and was rein-
forced with an InternalBrace
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MRI became widely available, the operative treatment of 
ACL injuries had already shifted towards ACL reconstruc-
tion for all tear types, and thus, there was no clinical need 
for the assessment of tear location and tissue quality.

In 2015, twenty years after the last original studies on 
primary repair, DiFelice et  al. [7] renewed the interest in 
primary repair using arthroscopic surgery. The authors 
reported excellent clinical outcomes at mean 3.5-year 
follow-up on the first 11 patients treated by arthroscopic 
suture anchor repair of proximal tears, with only one early 
failure (9%). Subsequently, others have reported similar 
promising outcomes of arthroscopic primary repair in adult 
[1] and paediatric patients [3, 29]. With the recent resur-
gence of interest in ACL preservation [21, 33, 34], and 
especially primary ACL repair [1, 3, 7, 29, 36], and the 

modern availability of MRI, MRI can assist orthopaedic 
surgeons in making a preoperative assessment regarding 
the eligibility of arthroscopic primary ACL repair.

In this study, the classification system for tear location 
and tissue quality was partially based on recent publica-
tions on ACL preservation and primary ACL repair [21, 
33, 34] and partially on the historical study by Sherman 
et al. [28] A recent review summarized the available treat-
ment options of ACL preservation using the same tear-type 
classification, in which primary repair was discussed for 
type I tears, and primary repair or augmented repair for 
type II tears [33, 34]. Furthermore, Murray et al. recently 
started a clinical trial with primary ACL repair with an 
additional biologic scaffold in patients with type III tears 
(<75% of distal remnant length). In a previous study, van 

Fig. 4   Sagittal T1 (a) and T2 (b) views show a type II proximal tear 
(arrows) with poor tissue quality (asterisks) and partially flipped liga-
ment (arrowhead). Arthroscopy (c) confirms the proximal tear (aster-

isks) with poor and unrepairable tissue quality (arrow) and partially 
flipped ligament (arrowhead), after which ACL reconstruction (d) is 
performed
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der List et  al. [39] showed substantial interobserver relia-
bility (Kappa 0.670) and substantial to nearly perfect intra-
observer reliability (Kappa 0.741–0.934) using this classi-
fication. For tissue quality, a similar approach was used as 
the study by Sherman et  al. [28], in which the tear types 
were also graded in three categories.

When only taking preoperative MRI tear location into 
account, it was noted that 90% of patients with type I 
tears could be treated with primary repair. Achtnich 
et al. [1] recently compared the outcomes of arthroscopic 
primary repair with ACL reconstruction. They included 
22 patients in the repair group that all had type I tears 

on preoperative MRI, and performed primary repair 
in 21 patients (95%) that had sufficient tissue quality, 
which is similar to the percentage of patients with MRI 
type I tears that underwent primary repair in our cohort 
(90%). Of all patients with MRI type II tears, 46% were 
treated with primary repair. Taking a closer look at this 
50:50 group in Table 3, it can be noted that 88% of the 
patients with MRI type II tears with good tissue quality 
could be repaired, while only 13% (5/40) of MRI type II 
tears with fair or poor tissue quality could be repaired. 
Reviewing these subgroups, the data suggest that the 
distal remnants of type II tears have sufficient length to 

Fig. 5   Sagittal T1 (a) and T2 (b) views show a type III mid-substance tear (arrows) with good tissue quality (asterisks). Arthroscopy (c) con-
firms the mid-substance tear location, and ACL reconstruction is performed (d)
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be reinserted on the femoral wall, and that the possibility 
for primary repair mainly depends on the tissue quality. 
A possible reason for the finding that the distal remnant 
length of type II MRI tears was sufficient for primary 
repair is that some fibres from the posterolateral bundle 
are torn slightly more distal, which leaves some fibres 
attached on the femoral wall and this leads to a type II 
appearance on MRI. This tear pattern was frequently 
seen (Fig.  2) and suggests that MRI can underestimate 
the distal remnant length. The finding that 88% of type 
II tears with good tissue quality was repaired indicates 
that the tissue length of type II MRI tears is sufficient for 
reinsertion, and that repair of these tears mainly depends 
on tissue quality.

Another explanation for the finding that type II tears 
with good tissue quality on MRI can be repaired is that sag-
ittal images are likely not transecting the ligament along its 
anatomical course, and therefore, they are not accurately 
displaying the location of the tear. In 22 patients, sagit-
tal oblique and/or coronal oblique views were available, 
and in four of these cases, the tear type changed from type 
III (n = 1) or type II (n = 3) to a type I tear (example in 
Fig.  7). Over the last decade, some studies have assessed 
the role of sagittal oblique and coronal oblique imaging for 

ACL injuries and concluded that these can have additional 
value in the diagnosis for ACL tears [2, 15, 26]. Interest-
ingly for primary repair, Kosaka et al. [15] highlighted that 
especially the femoral attachment can be clearly visualized 
with these views. The findings in this current study show 
that obtaining sagittal oblique and coronal oblique views 
have additional value for assessing eligibility for arthro-
scopic primary ACL repair.

One patient in the MRI type II group with good tissue 
quality was graded as eligible for primary repair but was 
ultimately not repaired (Fig. 6). In this patient, an internal 
brace was added to the primary repair after the ACL was 
repaired to the femoral wall with suture anchors. Because 
the internal brace was inserted at the proximal end of the 
ACL remnant and was tensioned through the ligament, 
this resulted in the repaired ligament pulling off the femo-
ral wall, and this resulted in a gap forming between the 
ligament and the femoral wall. A decision was made to 
convert the patient to an ACL reconstruction, as it was 
expected that healing would not occur due to this gap 
[32].

Limitations are present in this study. First of all, the 
numbers in this study cannot be used for a true assessment 
of the tear-type incidence, as patients are referred to the 

Table 3   Incidence of tear 
location and tissue quality on 
preoperative MRI in this cohort

MRI indicates preoperative magnetic resonance imaging

MRI grading Total cohort [n (%)] Repair [n (%)] Reconstruction 
[n (%)]

P value

Tear location
Type I 29 (22%) 26 (41%) 3 (4%) <0.001
Type II 72 (55%) 33 (52%) 39 (58%) n.s.
Type III 29 (22%) 4 (6%) 25 (37%) <0.001
Tissue quality
Good 64 (49%) 56 (89%) 8 (12%) <0.001
Fair 36 (28%) 7 (11%) 29 (43%) <0.001
Poor 30 (23%) 0 (0%) 30 (45%) <0.001
Tear location and tissue quality
Type I and good 26 (20%) 26 (41%) 0 (0%) <0.001
Type I and fair 1 (1%) 0 (0%) 1 (1%) n.s.
Type I and poor 2 (2%) 0 (0%) 2 (3%) n.s.
Type II and good 32 (26%) 28 (44%) 4 (6%) <0.001
Type II and fair 22 (17%) 5 (8%) 17 (25%) 0.008
Type II and poor 18 (14%) 0 (0%) 18 (27%) <0.001
Type III and good 6 (5%) 2 (3%) 4 (5%) n.s.
Type III and fair 13 (10%) 2 (3%) 11 (16%) 0.022
Type III and poor 10 (8%) 0 (0%) 10 (15%) 0.002
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practice of the senior author for primary ACL repair sur-
gery. Studies assessing the incidence of the different tear 
types in a cohort of consecutive patients are necessary. Sec-
ondly, it is currently not known if the differences in tissue 
quality affect the outcomes of primary repair at longer-term 
follow-up. However, the goal of this study was to assess the 
correlation of tear location and tissue quality on MRI with 
arthroscopy. Follow-up studies are necessary if differences 
in outcomes exist between these different groups. Thirdly, 
this study is a retrospective cohort study, and the nature of 
this study increases the risk of bias. A similar study using 
a prospective design is necessary to confirm these find-
ings. Nonetheless, the data in this study are valuable for the 
orthopaedic surgeon and provide information for preopera-
tive assessment on the possibility of primary ACL repair.

The findings in this study can guide the orthopaedic 
surgeon in making a preoperative assessment on whether 
primary ACL repair can be successfully performed. 

Patients with tears in the proximal quarter and good tis-
sue quality can be informed that it is likely that arthro-
scopic primary repair can be performed and the advan-
tages and disadvantages of the procedure should be 
explained in this subgroup of patients.

Conclusion

This study showed that tear location and tissue quality 
on preoperative MRI could be used to predict the eligi-
bility of primary ACL repair. More specifically, it was 
noted that 93% of patients with a type I or II tear (i.e. 
tear located at proximal 25% of ligament) and with good 
tissue quality were repairable. Furthermore, it was noted 
that sagittal and coronal oblique views provided addi-
tional information on tear location.

Fig. 6   a Flowchart, based on preoperative MRI tear location and tissue quality, shows the percentage of patients that were repaired per tear loca-
tion and tissue quality
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