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Background: Primary repair of the anterior cruciate ligament (ACL) has some potential advantages over the reconstruction tech-
nique, which include but are not limited to better knee sensation due to preservation of the natural ACL tissue in patients com-
pared with tendon graft. Proprioception is impaired after ACL injuries and the sense of the joint position is lost.

Purpose/Hypothesis: The purpose of this study was to compare arthroscopic ACL primary repair and ACL reconstruction tech-
niques clinically and functionally and analyze the differences in proprioception. It was hypothesized that primary repair would
restore knee joint proprioception more successfully because the original tissue of the ACL is preserved.

Study Design: Cohort study; Level of evidence, 3.

Methods: A total of 63 patients (34 underwent reconstruction and 29 underwent primary repair between 2017 and 2020) and 33
healthy controls, as well as the healthy knees of the operated groups, were evaluated between 24 and 48 months (mean, 29
months) postoperatively. Patients with proximal femoral avulsion tears and stump quality suitable for repair underwent primary
repair, and those with tears outside these criteria underwent reconstruction using hamstring tendon autograft. Proprioception
was evaluated using the active joint position sensation method during weightbearing, with a digital inclinometer used to measure
differences between the target and achieved flexion angles of 15°, 30°, and 60°.

Results: At 15° of knee flexion, the deviation angles for the healthy knee of the reconstruction and primary repair groups were sig-
nificantly smaller than those of the control group (P < .001), but there was no statistically significant difference between the groups in
terms of deviation angle at 30° and 60° of flexion. The deviation angle of the operated knees was statistically significantly larger in the
reconstruction group than in the primary repair group at all angles. The deviation angles at 15°, 30°, and 60° were 2.83°, 2.66°, and
2.66° in the reconstruction group and 1.00°, 1.00°, and 1.33° in the primary repair group, respectively (P < .001). There was no sta-
tistically significant difference between the reconstruction and primary repair groups in terms of clinical scores.

Conclusion: Primary ACL repair can preserve proprioception in a well-selected patient group. In short-term follow-up, primary
repair of the ACL in patients with proximal femoral avulsion tears and stump quality suitable for repair appears to be propriocep-
tively protective. Future studies are needed to clarify the long-term consequences of primary repair on proprioception in a larger
population.
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While most anterior cruciate ligament (ACL) injuries cause the treatment of the ACL injuries.?®3* Over the years, the
instability in the short term, meniscal and cartilage damage historical outcome of primary ACL repair has been influ-
can be observed in mid- and long-term follow-ups, with enced by many variables, including limitations in diagnosis,
patients experiencing pain and limitation in range of treatment, and technological standards. For example, pri-
motion.'” Various treatment options exist that aim to return mary repair was routinely performed in all patients arthro-
patients to their preinjury functional capabilities. Until the tomically (open), regardless of the stump quality, tear type,
late 1980s, primary repair was widely accepted as the stan- and other accompanying injuries, and postoperative care con-
dard treatment for ACL injuries. Despite the good results sisted of long-term immobilization and nonweightbearing.?*
in short-term follow-ups, the outcome was poor in mid- to With more advancements in arthroscopic techniques, in
long-term follow-ups; therefore, the primary repair technique recent years ACL primary repair has come to the foreground
was abandoned and reconstruction surgery using allografts again, and its use has increased for certain groups of patients
or autologous tendon grafts became the new standard for in some centers.>

ACL primary repair has some potential advantages over
the reconstruction technique, including better knee sensa-

The American Journal of Sports Medicine tion due to preservation of the natural ACL tissue in
2;5415 g (;5 %';;/%932325048652 41298839 patients compared with tendon graft.*’ Moreover, in the
© 2024 The Author(s) event of failure of either treatment method, revision
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surgery after primary repair is expected to be similar to
primary reconstruction because no tunnels or grafts have
been used, whereas revision of reconstruction surgery
may be complicated by tunnel malposition and preexisting
implants that may adversely affect healing.*®” One of the
most important advantages of the primary repair method
is that the physis is not damaged in pediatric patients
with open growth plates, whereas reconstruction techni-
ques performed in children may lead to growth disorders
such as leg shortening due to physis injury.®!° Recent stud-
ies have shown an increased success rate after primary
repair of proximal ACL tears.>? In the early 1990s, Sherman
et al?® divided patients who underwent open primary ACL
repair into 4 categories based on the location of the tear
and found that better results were obtained in the patient
group with proximal tears than in the group with midsub-
stance tears. The reasons for this are the increased vascu-
larity in the proximal part of the ACL?? and the potential
for better healing of this region, similar to the healing of
extra-articular ligaments.>* At the present time, primary
repair methods such as suture anchors,! dynamic intraliga-
mentary stabilization,'® and internal bracing'® have been
described for use in arthroscopic surgery. In this context,
it has been shown that primary repair of the ACL can be
reconsidered as an effective treatment modality in a selected
group of patients with tears only in the proximal region of
the ACL and with good stump quality.>*

There are several types of neural mechanoreceptors
inside the ACL (Ruffini, Pacini, and Golgi-like receptors)
that have a proprioceptive function and form an afferent
arc to provide information to the central nervous system
about the position and movement of the knee upon postural
changes. All the mechanoreceptors for proprioception pro-
vide input to the central nervous system regarding tissue
deformation. Through this reflex, the cruciate ligament sen-
sory system alters periarticular muscle tone to increase
dynamic knee stability.’® Stimulation of these receptors
has been shown to initiate a reflex arc leading to the con-
tractions of the stabilizing muscles; thus, these mechanore-
ceptors have a protective role.?® Proprioception is impaired
after ACL injuries and the sense of joint position is lost
because it is directly related to the number of mechanore-
ceptors available.?® Because of the decrease in propriocep-
tive feedback, patients are more at risk for reinjury.?!
Therefore, preservation of the ACL stump may help to
maintain proprioception.? According to the available litera-
ture, whether proprioception improves after ACL recon-
struction (ACLR) is still controversial, and there are no
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studies evaluating proprioception after primary ACL repair.
This led us to evaluate proprioception in patients who have
undergone primary ACL repair surgery.

The aim of this study was to compare arthroscopic ACL
primary repair and ACLR techniques clinically and func-
tionally and analyze the differences in postoperative pro-
prioception. We hypothesized that primary repair
restores knee joint proprioception more successfully
because the original tissue of the ACL is preserved, and
because of the healing potential of the proximal part of
the ACL, the knee joint gains as much stability and func-
tion as seen in cases using the gold standard in treatment,
the reconstruction technique.

METHODS

Approval was obtained from the Gazi University Clinical
Research Ethics Committee (research No. 2022-98). In this
study, we retrospectively evaluated the clinical outcomes
of patients with a diagnosis of total ACL rupture who under-
went ACLR or ACL primary repair between the dates of
2017 and 2020 at the Gazi University Department of Ortho-
paedics and Traumatology. Patients who regularly attended
postoperative follow-up visits for >2 years were included in
the study. Patients were excluded for the following reasons:
previous surgery for partial or chronic ACL ruptures; con-
comitant multiple ligament injuries; previous surgery for
the same or contralateral knee; lower extremity malalign-
ment; inflammatory or infectious arthritis; endocrinologic,
rheumatologic, and oncologic diseases; tibial avulsion—type
ACL tears; and no preoperative magnetic resonance imag-
ing (MRI), radiographs, or surgical records.

Of the 232 patients with a full-thickness ACL tear,
patients who had been operated on within the first 90
days after injury (acute, <3 weeks; subacute, 3 weeks to 3
months) were included in the study because primary ACL
repair could not be performed in chronic cases with poor
stump quality. Thus, 146 of the 232 patients operated on
were excluded from the study. Of the 86 patients who
underwent surgery within the first 90 days after the injury,
8 had multiple-ligament knee injuries and 5 had distal tibial
avulsion tears and were therefore excluded from the study.
Of the remaining 73 patients, 8 patients had a history of
previous operations and 2 patients did not attend follow-
ups. The remaining 63 patients were included in the study:
29 patients with proximal femoral avulsion tear who under-
went primary repair and 34 patients who underwent ACLR
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TABLE 1
Patient Characteristics®
Control (n = 33) Reconstruction (n = 34) Primary Repair (n = 29) p

Age, y 276 = 5.9 28.2 *+ 6.4 27.3 = 8.3 .858
Sex >.999

Female 4(12.1) 4(11.8) 4 (13.8)

Male 29 (87.9) 30 (88.2) 25 (86.2)
BMI 25 + 2.8 24.8 = 2.3 25.7 = 4.7 .594
Dominant side —

Right 33 (100.0) 34 (100.0) 29 (100.0)

Left
Operated side 921

Right — 25 (73.5) 21 (72.4)

Left — 9 (26.5) 8 (27.6)
Operation time, days — 47.5 (27.8-75.0) 30 (20-60) .109
Follow-up period, months 27 (24-46) 29 (24-48) .356

“Data are presented as mean *+ SD, median (25th percentile-75th percentile), or n (%). BMI, body mass index. Dashes indicate not

applicable.

because of the absence of an indication for primary repair
(Figure 1).

The control group consisted of 33 healthy participants
who had knee MRI scans taken for any reason and had no
meniscal, chondral, or ligamentous damage detected. It
included people aged 18 to 40 years who participated in
sports >3 times a week, had no history of musculoskeletal
injury in the lower extremity before the evaluation, and
had no chronic disease. Between all groups (reconstruction,
primary repair, and healthy control), there was no statisti-
cally significant difference according to age, sex, body
mass index (BMI), dominant side, and operated side. Also,
there was no statistically significant difference regarding
the time between injury and surgery in the reconstruction
group and primary repair group (P = .109) (Table 1). The
follow-up periods after surgery in the reconstruction and
primary repair groups were 27 months (range, 24-46
months) and 29 months (range, 24-48 months), respectively,
and there was no significant difference regarding follow-up
periods between the 2 groups (P = .356). In the reconstruc-
tion group, 4 patients (11.76%) had lateral meniscal tears
and 9 patients (26.5%) had medial meniscal tears. In the
primary repair group, 4 patients (13.8%) had concomitant
lateral meniscal tears and 7 patients (24.1%) had concomi-
tant medial meniscal tears. In the reconstruction group,
repair was performed in 11 patients and partial meniscec-
tomy in 2 patients. In the primary repair group, meniscal
repair was performed in 9 patients and partial meniscec-
tomy in 2 patients. There was no statistically significant dif-
ference between the groups.

Surgical Technique

Reconstruction and primary repair operations were per-
formed by a single senior surgeon (U.K.) through the
same approach. The patient was placed supine and a pneu-
matic thigh tourniquet was used. A 30° scope was inserted
through standard anteromedial and anterolateral portals,

Full-thickness ACL tears
n=232
2017-2020

Excluded
. Chronic cases (>90 days)
n=146

Primary ACLRs and ACL primary repairs
(acute <3 weeks; subacute 3 weeks -3
months)
n=286

Excluded

*  Multiple-ligament knee ligament
injuries (n = 8)

*  Distal tibial avulsion tears (n=5)

*  History of previous operation (n = 8)

*  Not following up (n = 2)

ACLRs and ACL primary repairs included in
the study
n=63

* Primary repair (n = 29) (group 1)
= ACL Reconstruction (n = 34) group 2)
* Healthy individuals (n = 33) group 3)

Figure 1. Flowchart of patient selection procedure. ACL,
anterior cruciate ligament; ACLR, anterior cruciate ligament
reconstruction.

diagnostic arthroscopy was performed, and the ACL was
examined. After the procedures related to the concomitant
pathologies were performed, those patients who met the
criteria (proximal femoral avulsion tear and stump quality
suitable for repair) underwent primary repair; otherwise,
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Figure 2. lllustration of the primary repair technique. (A) Proximal injury of the anterior cruciate ligament (ACL). (B) The femoral
attachment site of ACL is debrided and microfractures are made surrounding the footprint. (C, D) A biodegradable anchor is placed
in the femoral footprint. (E) The suture is used to pull the remaining ACL to the femoral footprint, and the first knot is tied. (F) A second
suture is passed from proximal to distal and then from distal to proximal >4 times, and the knot is then tied and fixed.

Figure 3. lllustration of the reconstruction technique. (A) Injury of the anterior cruciate ligament. (B) Preparation of the femoral
tunnel. (C) Preparation of the tibial tunnel. (D) Graft fixation to the femur with the Ultrabutton system and to the tibia using a bio-
degradable screw.

reconstruction using hamstring tendon autograft was per- and it was decided to perform primary repair. After identi-
formed for tears that did not meet these conditions. fication of the lesion, the femoral attachment site of the

) ) ACL was debrided and the femoral footprint was prepared
Primary Repair for the suture anchor. Microfractures were made around
After the treatment of concomitant patho]ogies and the the footprint to increase biological adhesion without dis-
identification of the proximal avulsion injury of the ACL, rupting the anchor’s adhesion. Subsequently, a far antero-

the remaining stump quality was evaluated arthroscopically medial portal was opened for easier access to the femoral
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adhesion site and to make the anchor placement easier. A
double-stranded biodegradable anchor (Smith & Nephew)
was placed in the femoral footprint. After the first suture
was passed through the proximal ACL once, with the help
of a suture passer, the suture was stretched to the femoral
footprint and the first knot was tied. Thus, the ACL was
suspended to the femoral attachment site. The ligament
was repaired by passing the second suture from proximal
to distal and then from distal to proximal >4 times, and
then the knot was tied and fixed. After intraoperative exam-
ination of the repaired ACL with the help of a probe and
confirmation that the ACL was attached to the femoral
adhesion point, ensuring its stability, the operation was con-
cluded (Figure 2).

Reconstruction

Reconstruction was performed in cases in which the tear
type was not suitable for primary repair (nonproximal
tears and poor stump quality). Hamstring autograft was
used in all reconstruction operations. After preparation of
the tunnels, the graft was fixed at the appropriate tension
to the femur with the Ultrabutton system (Smith &
Nephew) and to the tibia with biodegradable screws (Smith
& Nephew), with the knee at 15° to 30° of flexion. After fix-
ation, arthroscopic examination was performed to evaluate
graft tension and graft compression during extension and
the operation was concluded (Figure 3).

Postoperative Rehabilitation
Primary Repair

Postoperatively, the main goals were to control swelling
and early range of motion. All patients were fitted with
an adjustable angle knee brace locked at 0° for 4 weeks,
and mobilization was allowed with double crutches without
weightbearing. Straight-leg raises, isometric terminal
knee extension, 0° to 30° of knee flexion, hip exercises,
and passive range of motion exercises were started on
the first day after the surgery. Partial weightbearing was
started with crutches after 3 weeks postoperatively. After
the sixth week, full weightbearing was allowed and gait
training, open and closed kinetic chain exercises, balance,
and proprioception exercises were initiated. Concentric
and eccentric knee strengthening exercises were started
at the 4-8 weeks. All exercises progressed gradually and
continued until the sixth month. Unrestricted activities
of daily living and return to sports were allowed after 6
months postoperatively when the patient reached full
range of motion and strength.

Reconstruction

Postoperatively, the main goals were to control swelling
and early range of motion. If there was no concomitant
meniscal injury, the patient was allowed to bear weight
as tolerated with crutches immediately after the surgery.
Knee braces were not fitted to the patients. Crutches
were discontinued 3 to 4 weeks after surgery. Controlled
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range of motion exercises, straight-leg raises, isometric ter-
minal knee extension, and hip exercises were started on
the first postoperative day. After 3 to 4 weeks, full weight-
bearing was allowed and gait training, open and closed
kinetic chain exercises, balance, and proprioception exer-
cises were initiated. Concentric and eccentric knee
strengthening exercises were started at 4-8 weeks. All
exercises progressed gradually and continued until the
sixth month. Unrestricted activities of daily living and
return to sports were allowed after 6 months postopera-
tively when the patient reached full range of motion and
strength.

Clinical and Functional Evaluation

Patient data such as name, sex, age, dominant side, and
operated side were recorded. The height and weight of
the patients were measured by standardized methods
using an adult scale (Seca 799 Adult Scale with Height
Measurement; Seca), and BMI was calculated. The Inter-
national Knee Documentation Committee (IKDC) subjec-
tive knee evaluation form, Lysholm knee scoring scale,
and visual analog scale for pain were used to evaluate out-
comes. Stability tests such as the anterior drawer, Lach-
man, and pivot-shift tests and anterior translation
measurements with the KT-1000 arthrometer were
performed.

In addition, proprioception was evaluated using the
active joint position sensation method with a digital incli-
nometer (Dualer 1Q; J Tech Medikal) to load weight on
the affected limb between 24 and 48 months (mean, 29
months) postoperatively. In the assessment of propriocep-
tion as a dynamic position, weightbearing while standing
on the affected extremity was selected. In the current study,
a device and method previously validated for knee proprio-
ception measurements were used.?? Participants were posi-
tioned upright with 1 knee in extension and the other knee
in 15° to 20° of flexion and their hands on their hips. Partic-
ipants were instructed to pause for 10 seconds at the target
angles of 15°, 30°, and 60° of knee flexion. The patients were
then asked to flex the knee and stop at the aforementioned
target angles. The difference between the target angle
shown to the participants and the angle at which they
brought their knees was calculated as the deviation angle.
The deviations of the knee joint from the target angles of
15°, 30°, and 60° were recorded. Three repeated measure-
ments were performed for each knee at each angle, and
the mean deviation angles were calculated (Figure 4).

Statistical Analysis

Data distributions were summarized as number and per-
centage for categorical variables and mean * SD or median
(25th percentile—75th percentile) for continuous variables.
The Pearson chi-square or Fisher exact test was used to
analyze categorical data depending on the distribution of
the data. The normality assumption of continuous
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Figure 4. Proprioception assessment.

variables was examined by the Shapiro-Wilk test and his-
togram graphs. For normally distributed continuous varia-
bles, comparisons between groups were made with 1-way
analysis of variance or by using an independent-group ¢
test. If the data were not normally distributed, the
Kruskal-Wallis or Mann-Whitney U test was applied.
The measurements of the intact knee and the operated
knee were compared by a dependent-group ¢ test or Wil-
coxon signed-rank test. SPSS Version 25.0 (IBM Corp)
was used for data analysis, and statistical tests were per-
formed at the significance level of P < .05.

RESULTS

In total, there were 63 patients, 34 of whom underwent
reconstruction and 29, primary repairs. There were 33
healthy controls included (Figure 1).

Two patients were considered to have failed results (1 in
the reconstruction group and 1 in the primary repair
group. In the reconstruction group, 1 patient had a 3 +
for the pivot-shift examination and 2 + for the Lachman
and anterior drawer tests; the anterior translation differ-
ence relative to the intact side was measured as 5.33 mm
with the KT-1000 arthrometer. Similarly, in the primary
repair group, the pivot-shift, Lachman, and anterior
drawer test results of 1 patient were also 2 + and the ante-
rior translation difference relative to the intact side was
measured as 6.42 mm. Thus, the failure rate was 3.45%
in the primary repair group and 2.94% in the reconstruc-
tion group. The pivot-shift, Lachman, and anterior drawer
tests were negative for the remaining patients in the recon-
struction and primary repair groups, and the anterior
translation difference in relation to the intact knee was
<3 mm.

When proprioception was evaluated in the operated
knee compared with the intact knee in the reconstruction
group, the deviation angle was significantly larger in the
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operated knee at all target angles (P < .001). In the pri-
mary repair group, only the deviation angle at 15° was sig-
nificantly larger in the operated knee than in the intact
knee (P < .001), while no significant differences were found
between the operated knee and the intact knee at 30° and
60° (P = .474 and P = .569) (Table 2).

At 15° of flexion, the deviation angle for the healthy
knee of the reconstruction and primary repair groups
was significantly lower than that in the control group (P
< .001), but there was no statistically significant differ-
ence between the groups in terms of deviation angle at
30° and 60°. The deviation angles of the operated knees
were statistically significantly larger in the reconstruc-
tion group than in the primary repair group at all angles
(P < .001) (Table 3).

There was no statistically significant difference between
the reconstruction and primary repair groups in terms of
clinical scores (Table 4).

There was no significant difference in KT-1000
arthrometer measurements between the reconstruction
and primary repair groups (P = .208) (Table 5).

DISCUSSION

The most important result of the present study is the dem-
onstration of normalization of proprioception in patients
undergoing primary ACL repair. To our knowledge, this
is the first study to evaluate the sense of proprioception
in patients undergoing primary ACL repair. Additionally,
at a median follow-up of 27 months, 28 of 29 patients
(97%) who underwent primary repair achieved knee joint
stability. Excellent subjective results were recorded with
a median IKDC score of 90 (80-92.5) and Lysholm score
of 94 (89-100). At the end of the study, proprioception sen-
sation was found to be significantly better in patients who
underwent primary repair than in patients who underwent
reconstruction.
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TABLE 2
Comparison of Absolute Angle Error in Healthy and Operated Knees as a Measure of Proprioceptive Sense
in the Reconstruction and Primary Repair Groups®

Reconstruction (n = 34)

Primary Repair (n = 29)

Healthy Knee,

Operated Knee,

Healthy Knee,

Operated Knee,

Flexion angle deg deg P° deg deg P®
15 0.85 £ 0.79 2.59 £ 1.40 <.001 0.95 £ 0.69 1.2 £ 0.71 .001
30 1.19 = 0.92 2.90 + 1.36 <.001 1.32 = 091 1.2 = 0.83 474
60 1.4 = 0.98 2.99 £ 1.67 <.001 1.39 = 0.84 1.46 = 0.66 .569
“Data are presented as mean = SD.
®Dependent-group ¢ test.
TABLE 3
Comparison of Sense of Proprioception Between the Groups®
Test Angle, Control Group Absolute Angle Error Primary Repair
deg (n = 33), deg for Reconstruction (n = 34), deg (n = 29), deg Pt
Healthy knee 15 1.66 (1.00-2.33) 0.66 (0.33-1.08)° 1.00 (0.33-1.50)° <.001
30 1.33 (0.83-3.17) 1.00 (0.58-1.75) 1.33 (0.33-2.00) .054
60 1.66 (0.66-2.66) 1.33 (0.66-2.00) 1.33 (0.66-2.00) 431
Operated knee 15 — 2.83 (1.33-3.33) 1.00 (0.66-1.66) <.001
30 — 2.66 (1.66-4.33) 1.00 (0.83-1.50) <.001
60 — 2.66 (1.66-3.33) 1.33 (1.00-2.00) <.001

“Data are presented as median (25th percentile-75th percentile). Bold P values indicate statistical significance. Dashes indicate not

applicable.
bKruskal-Wallis or Mann-Whitney U test.
“Significantly different from the control group.

TABLE 4
Comparison of Clinical Scores Between
Reconstruction and Primary Repair Groups®

TABLE 5
Comparison of KT-1000 Arthrometer Measurements
Between the Reconstruction and Primary Repair Groups®

Reconstruction Primary Repair Reconstruction Primary Repair
(n = 34) (n=29) PP (n = 34) (n =29) PP
VAS score 2 (0-3) 1(0-3) 204 Translation, mm 1.63 (1.04-2.74) 1.50 (1.01-2.62) .208
IKDC score 82.2 (77.8-90.2) 90.0 (80.0-92.5) .108

Lysholm score 90.0 (87.8-95.0) 94.0 (89.0-100.0) .090

“Data are presented as median (25th percentile-75th percen-
tile). IKDC, International Knee Documentation Committee;
VAS, visual analog scale.

®Mann-Whitney U test.

In the literature, many studies examining propriocep-
tion after ACLR have been carried out. Some studies
have reported that knee proprioception sensation returns
to normal after reconstruction.>'%?>27 On the contrary,
other studies support that proprioception sensation after
reconstruction can never be the same as before the
injury.”®2%22 A histologic study showed a lower concentra-
tion of neurofilament protein in the ACL grafts of patients
who have undergone ACLR compared with the native ACL
tissue, and this deficiency was present regardless of
whether an allograft or an autograft was used. This finding

“Data are presented as median (25th percentile-75th
percentile).
®*Mann-Whitney U test.

explains the proprioceptive deficits that persist clinically
after ACLR.*? Because the restoration of proprioception
after ACL injuries depends on the innervation of the
ACL, stump preservation during ACL surgery may poten-
tially benefit the patient.!!

The most important aspect of the current study was the
comparison of primary repair and ACLR techniques in
terms of proprioception, and it was shown that primary
repair of the ACL is superior to ACLR in preserving knee
proprioception sensation. Although there are studies show-
ing that knee proprioception improved after ACLR, these
studies have not made any comparison between recon-
struction and healthy control groups. The most important
difference of the current study from other available studies
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is the comparison of primary repair, reconstruction, and
healthy control groups. The underlying factor for the suc-
cess of primary repair is the synergistic effect of preserva-
tion of the native ACL tissue and the beginning of
proprioceptive strengthening exercises in the postopera-
tive period. Through this interplay, proprioception of the
patients who underwent primary repair was similar to
the results of the healthy control group. Because the natu-
ral ligamentous structure is preserved with primary
repair, proprioception may also be preserved. In the pri-
mary repair group, at 15° of knee flexion the deviation
angle in the operated knee was significantly higher than
that in the healthy knee (P < .001). If both groups are
examined carefully, it can be seen that the deviation angles
also increased with increasing flexion angles. This may be
because a flexion angle of 15° is the most commonly used
position during standing and walking. Measured proprio-
ceptive deficits exhibited by injured athletes may predis-
pose the athlete to knee injury. In 1 study, it was
observed that injuries were more common in female ath-
letes, especially with deviation angles >2°.% In the same
study, for each degree increase in angle error, a 2.9-fold
increase in the odds ratio of knee injury was observed
and a 3.3-fold increase in odds ratio of ligamentous/menis-
cal injury was observed.*? In the current study, the devia-
tion angles at 15°, 30°, and 60° were 2.83°, 2.66°, and 2.66°
in the reconstruction group and 1.00°, 1.00°, and 1.33° in
the primary repair group, respectively (the deviation
angles between the primary repair group and the control
group were almost similar). In light of this information,
it can be inferred that primary repair, in line with the lit-
erature, can minimize the risk of reinjury.

There are augmented and nonaugmented methods
available for primary ACL repair. In the nonaugmented
method, the avulsed ACL is arthroscopically fixed to the
femoral footprint at the femoral attachment site with
suture anchors.%%1%14 In augmented methods, internal
bracing'® and dynamic intraligamentary stabilization can
be used.® Augmentation mainly provides additional stabil-
ity to the repaired ligament and preserves its healing dur-
ing early mobilization, thus avoiding the need for
immobilization in the postoperative period. In this study,
because primary repair was performed without augmenta-
tion, the knee was immobilized in an angle-adjustable knee
brace for 4 weeks to eliminate the risk of retear in the early
period. Jonkergouw et al'® compared primary ACL repairs
performed with and without augmentation in patients with
proximal ACL tears. There was no difference in short-term
follow-up results and complication rates, reoperation rate,
or patient-reported outcomes, and it was shown that the
use of an additional internal brace with primary ACL
repair did not provide any advantage. van der List et al®®
compared primary repair with a suture anchor without
augmentation, primary repair with static augmentation,
and primary repair with dynamic augmentation. They
reported that there was no statistical difference in the fail-
ure rate for any of the groups, but the need for revision sur-
gery for implant irritation was more frequent in the
primary repair with dynamic augmentation group than
in the primary repair with static augmentation
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group. Similar to this study, Achtnich et al' compared
patients who underwent primary repair with a single-
suture anchor with those who underwent reconstruction
for a proximal ACL tear. They reported that no instability
occurred in any patient in the reconstruction group,
whereas 3 patients in the primary repair group had recur-
rent instability, but they stated that this failure was
because of noncompliance with the rehabilitation protocol.
In another study, DiFelice et al'® reported the early results
of ACL primary repair with suture anchor without aug-
mentation. Good clinical results were obtained in 10 of 11
patients with >2 years of follow-up. Only 1 patient had
a 6-mm difference in the KT-1000 translation measure-
ment, and this failure was not related to a technical error
but rather to a new knee injury that occurred 3 months
after surgery.

In the primary repair technique with suture anchors, 2
suture anchors'®!® or 1 suture anchor* can be used. In
the current study, primary ACL repair was performed
using 1 biodegradable suture anchor without augmenta-
tion. In studies using 2 suture anchors, a single suture
on each anchor was used and tied, but in the primary
repair method of our study, both sutures on the double-
strand suture anchor were used. In addition, better stabil-
ity was achieved by descending to the distal part of the
ACL first and then ascending to the proximal part to tie
the second knot in a braided manner. In this study, ade-
quate stability and good clinical results were obtained
with the use of a nonaugmented primary repair method.
Furthermore, the nonreinforced technique is less invasive
than reinforced techniques and does not require drilling
new tunnels into the bones.

Another important factor determining the repairability
of an ACL tear is the amount of time that has passed
between the tear and surgery. In an animal study, it was
reported that when the interval between the tear and
repair exceeded 2 weeks, retraction and scar formation in
the ACL prevented repair with appropriate tension and it
was biomechanically more unstable.?? van der List et al®¢
concluded that if the interval between ACL tear and repair
is <4 weeks, the repairability of the ACL is significantly
higher. Vermeijden et al*® compared primary repairs per-
formed in acute and chronic cases; they reported similar
clinical results in short- and midterm follow-ups between
the acute and chronic cases. Our current study has also
put forth that ACL injuries operated on with the primary
repair method in the first 12 weeks can have very good
functional and clinical results.

The limitations of this study include its retrospective
design, although the data were collected prospectively;
the relatively limited number of patients because this
method can only be applied to a certain patient population;
and the lack of preoperative functional scores and meas-
urements. In addition, the reliability of the proprioception
measurements was not tested, and the results were short
term. In the current study, only static proprioception was
tested, and the level and durability of return to sports
were not documented. Another limitation of this study
was the division of the patients operated on for ACL tears
into 2 groups, but the tear types in these 2 groups were not
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the same (proximal tears - midsubstance tears). However,
there are no data in the literature in which different tear
types have had an effect on clinical outcomes.

CONCLUSION

Primary repair of the ACL has successful results in a well-
selected patient group. In the short term, primary repair of
the ACL in patients with proximal femoral avulsion tears
and a stump quality suitable for repair produces successful
results because it is clinically, functionally, and proprio-
ceptively protective.

REFERENCES

1.

10.

11.

12.

13.

14.

Achtnich A, Herbst E, Forkel P, et al. Acute proximal anterior cruciate
ligament tears: outcomes after arthroscopic suture anchor repair ver-
sus anatomic single-bundle reconstruction. Arthroscopy. 2016;
32(12):2562-2569.

. Adachi N, Ochi M, Uchio Y, lwasa J, Ryoke K, Kuriwaka M. Mecha-

noreceptors in the anterior cruciate ligament contribute to the joint
position sense. Acta Orthop Scand. 2002;73(3):330-334.

. Angoules AG, Mavrogenis AF, Dimitriou R, et al. Knee proprioception

following ACL reconstruction; a prospective trial comparing ham-
strings with bone-patellar tendon-bone autograft. Knee. 2011;
18(2):76-82.

. Arianjam A, Inacio MCS, Funahashi TT, Maletis GB. Analysis of 2019

patients undergoing revision anterior cruciate ligament reconstruc-
tion from a community-based registry. Am J Sports Med. 2017;
45(7):1574-1580.

. Ateschrang A, Ahmad SS, Stockle U, Schroeter S, Schenk W, Ahrend

MD. Recovery of ACL function after dynamic intraligamentary stabi-
lization is resultant to restoration of ACL integrity and scar tissue for-
mation. Knee Surg Sports Traumatol Arthrosc. 2018;26(2):589-595.

. Bigoni M, Gaddi D, Gorla M, et al. Arthroscopic anterior cruciate lig-

ament repair for proximal anterior cruciate ligament tears in skeletally
immature patients: surgical technique and preliminary results. Knee.
2017;24(1):40-48.

. Bonfim TR, Jansen Paccola CA, Barela JA. Proprioceptive and

behavior impairments in individuals with anterior cruciate ligament
reconstructed knees. Arch Phys Med Rehabil. 2003;84(8):1217-1223.

. Buyukafsar E, Basar S, Kanatli U. Proprioception following the ante-

rior cruciate ligament reconstruction with tibialis anterior tendon allo-
graft. J Knee Surg. 2020;33(7):722-727.

. DiFelice GS, van der List JP. Clinical outcomes of arthroscopic pri-

mary repair of proximal anterior cruciate ligament tears are main-
tained at mid-term follow-up. Arthroscopy. 2018;34(4):1085-1093.
DiFelice GS, Villegas C, Taylor S. Anterior cruciate ligament preser-
vation: early results of a novel arthroscopic technique for suture
anchor primary anterior cruciate ligament repair. Arthroscopy.
2015;31(11):2162-2171.

Georgoulis AD, Pappa L, Moebius U, et al. The presence of proprio-
ceptive mechanoreceptors in the remnants of the ruptured ACL as
a possible source of re-innervation of the ACL autograft. Knee Surg
Sports Traumatol Arthrosc. 2001;9(6):364-368.

Ghasemi GA, Zolaktaf V, Ibrahim K, Minasian V. Evaluation of joint
position sense after ACL reconstruction with hamstring tendon auto
graft. Am J Sports Sci Med. 2013;1(3):52-55.

Heusdens CHW, Hopper GP, Dossche L, Roelant E, Mackay GM.
Anterior cruciate ligament repair with independent suture tape rein-
forcement: a case series with 2-year follow-up. Knee Surg Sports
Traumatol Arthrosc. 2019;27(1):60-67.

Hoffmann C, Friederichs J, von Ruden C, Schaller C, Bihren V,
Moessmer C. Primary single suture anchor re-fixation of anterior
cruciate ligament proximal avulsion tears leads to good functional

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Primary Repair of the ACL and Proprioception 1207

mid-term results: a preliminary study in 12 patients. J Orthop Surg
Res. 2017;12(1):171.

Johansson H, Sjolander P, Sojka P. A sensory role for the cruciate
ligaments. Clin Orthop Relat Res. 1991;268:161-178.

Jonkergouw A, van der List JP, DiFelice GS. Arthroscopic primary
repair of proximal anterior cruciate ligament tears: outcomes of the
first 56 consecutive patients and the role of additional internal brac-
ing. Knee Surg Sports Traumatol Arthrosc. 2019;27(1):21-28.
Kannus P, Jarvinen M. Conservatively treated tears of the anterior
cruciate ligament. Long-term results. J Bone Joint Surg Am.
1987;69(7):1007-1012.

Kayaalp ME, Surtct S, Gerci MH, Aydin M, Mahirogullari M. Anterior
cruciate ligament repair using dynamic intraligamentary stabilization
provides a similarly successful outcome as all-inside anterior cruciate
ligament reconstruction with a faster psychological recovery in mod-
erately active patients. Jt Dis Relat Surg. 2022;33(2):406-413.
Kocher MS, Saxon HS, Hovis WD, Hawkins RJ. Management and
complications of anterior cruciate ligament injuries in skeletally
immature patients: survey of the Herodicus Society and the ACL
Study Group. J Pediatr Orthop. 2002;22(4):452-457.

Lephart SM, Kocher MS, Fu FH, Borsa PA, Harner CD. Propriocep-
tion following anterior cruciate ligament reconstruction. J Sport
Rehabil. 1992;1(3):188-196.

Lephart SM, Pincivero DM, Giraldo JL, Fu FH. The role of propriocep-
tion in the management and rehabilitation of athletic injuries. Am J
Sports Med. 1997;25(1):130-137.

MacDonald PB, Hedden D, Pacin O, Sutherland K. Proprioception in
anterior cruciate ligament-deficient and reconstructed knees. Am J
Sports Med. 1996;24(6):774-778.

Magarian EM, Fleming BC, Harrison SL, Mastrangelo AN, Badger GJ,
Murray MM. Delay of 2 or 6 weeks adversely affects the functional
outcome of augmented primary repair of the porcine anterior cruciate
ligament. Am J Sports Med. 2010;38(12):2528-2534.

Nguyen DT, Ramwadhdoebe TH, van der Hart CP, Blankevoort L,
Tak PP, van Dijk CN. Intrinsic healing response of the human anterior
cruciate ligament: an histological study of reattached ACL remnants.
J Orthop Res. 2014;32(2):296-301.

Ozenci AM, Inanmaz E, Ozcanli H, et al. Proprioceptive comparison
of allograft and autograft anterior cruciate ligament reconstructions.
Knee Surg Sports Traumatol Arthrosc. 2007;15(12):1432-1437.
Relph N, Herrington L, Tyson S. The effects of ACL injury on knee
proprioception: a meta-analysis. Physiotherapy. 2014;100(3):187-
195.

Risberg MA, Beynnon BD, Peura GD, Uh BS. Proprioception after
anterior cruciate ligament reconstruction with and without bracing.
Knee Surg Sports Traumatol Arthrosc. 1999;7(5):303-309.

Sherman MF, Lieber L, Bonamo JR, Podesta L, Reiter I. The long-
term followup of primary anterior cruciate ligament repair: defining
a rationale for augmentation. Am J Sports Med. 1991;19(3):243-255.
Suner-Keklik S, Cobanoglu-Seven G, Kafa N, Ugurlu M, Guzel NA.
The validity and reliability of knee proprioception measurement per-
formed with inclinometer in different positions. J Sport Rehabil.
2017;26(6):10.1123/jsr.2017-0010.

Taylor DC, Posner M, Curl WW, Feagin JA. Isolated tears of the ante-
rior cruciate ligament: over 30-year follow-up of patients treated with
arthrotomy and primary repair. Am J Sports Med. 2009;37(1):65-71.
Taylor SA, Khair MM, Roberts TR, Difelice GS. Primary repair of the
anterior cruciate ligament: a systematic review. Arthroscopy.
2015;31(11):2233-2247.

Toy BJ, Yeasting RA, Morse DE, McCann P. Arterial supply to the
human anterior cruciate ligament. J Athl Train. 1995;30(2):149.
Tsuda E, Okamura Y, Otsuka H, Komatsu T, Tokuya S. Direct evi-
dence of the anterior cruciate ligament-hamstring reflex arc in
humans. Am J Sports Med. 2001;29(1):83-87.

van der List JP, DiFelice GS. Primary repair of the anterior cruciate
ligament: a paradigm shift. Surgeon. 2017;15(3):161-168.

van der List JP, DiFelice GS. Role of tear location on outcomes of
open primary repair of the anterior cruciate ligament: a systematic
review of historical studies. Knee. 2017;24(5):898-908.



1208 Ciceklidag et al

36.

37.

38.

39.

van der List JP, Jonkergouw A, van Noort A, Kerkhoffs GMMJ, DiFelice
GS. Identifying candidates for arthroscopic primary repair of the anterior
cruciate ligament: a case-control study. Knee. 2019;26(3):619-627.
van der List JP, Vermeijden HD, O’Brien R, Difelice GS. Anterior cru-
ciate ligament reconstruction following failed primary repair: surgical
technique and a report of three cases. Minerva Ortop Traumatol.
2019;70(2):70-77.

van der List JP, Vermeijden HD, Sierevelt IN, DiFelice GS, van Noort
A, Kerkhoffs GMMJ. Arthroscopic primary repair of proximal anterior
cruciate ligament tears seems safe but higher level of evidence is
needed: a systematic review and meta-analysis of recent literature.
Knee Surg Sports Traumatol Arthrosc. 2020;28(6):1946-1957.

van Eck CF, Limpisvasti O, ElAttrache NS. Is there a role for internal
bracing and repair of the anterior cruciate ligament? A systematic lit-
erature review. Am J Sports Med. 2018;46(9):2291-2298.

40.

41.

42.

43.

The American Journal of Sports Medicine

Vermeijden HD, van der List JP, DiFelice GS. Acute and delayed
anterior cruciate ligament repair results in similar short to mid-term
outcomes. Knee. 2021;29:142-149.

Vermeijden HD, van der List JP, O’Brien R, DiFelice GS. Patients for-
get about their operated knee more following arthroscopic primary
repair of the anterior cruciate ligament than following reconstruction.
Arthroscopy. 2020;36(3):797-804.

Young SW, Valladares RD, Loi F, Dragoo JL. Mechanoreceptor rein-
nervation of autografts versus allografts after anterior cruciate liga-
ment reconstruction. Orthop J Sports Med. 2016;4(10):232
5967116668782.

Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki J. The
effects of core proprioception on knee injury: a prospective
biomechanical-epidemiological study. Am J Sports Med. 2007;
35(3):368-373.

For reprints and permission queries, please visit Sage’s Web site at http://www.sagepub.com/journals-permissions



