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Background: Surgical reconstruction of the anterior cruciate ligament (ACL) is one of the most common orthopaedic procedures,
with an estimated 100,000 to 175,000 procedures performed annually. Recently, the all-inside reconstruction technique has come
into favor and is theorized to be superior to the complete tibial tunnel technique.

Purpose: To compare clinical and patient-reported outcomes (PROs) for hamstring autograft ACL reconstruction (ACLR) per-
formed with an all-inside versus a complete tibial tunnel technique.

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

Methods: Patients who underwent hamstring autograft ACLR via either an all-inside approach (femoral and tibial sockets) or a
complete tibial tunnel approach (femoral socket and full-length, transtibial tunnel) at a single institution between July 2011 and July
2015 were reviewed. Demographic information, preoperative comorbidities, surgical details, physical examination findings, and
follow-up outcomes were extracted from the medical record. Physical examination data included pivot-shift, Lachman, and range
of motion examinations, whereas PROs included the Tegner activity scale, Lysholm score, and International Knee Documentation
Committee (IKDC) score at a minimum of 2 years after surgery. Return to sport and risk factors for failure were analyzed.

Results: A total of 82 patients (mean + SD age, 25.8 + 10.2 years) who underwent all-inside reconstruction (median PRO follow-up,
30.1 months; range, 24.7-72.9 months) and 54 patients (mean + SD age, 21.1 + 7.3 years) who underwent complete tibial tunnel
reconstruction (median PRO follow-up, 25.8 months; range, 23.9-74.5 months) met the inclusion criteria. PRO scores at latest follow-
up were comparable between the all-inside versus the complete tibial tunnel groups (Lysholm score, 93.8 vs 94.4, P = .621; IKDC
score, 93.5 vs 93.3, P = .497; Tegner activity score, 6.4 vs 6.8, P = .048). Complications (including graft failure) were experienced by
20% of patients in the all-inside group compared with 24% in the complete tibial tunnel group (P = .530). Graft failure before the final
follow-up was experienced by 10% of patients in the all-inside group compared with 19% in the complete tibial tunnel group (P =
.200). Mean return to sport was 12.5 months in the all-inside group versus 9.9 months in the complete tibial tunnel group (P = .028).

Conclusion: All-inside and complete tibial tunnel hamstring autograft ACLR resulted in excellent physical examination findings and
PROs at minimum 2-year follow-up. Both techniques successfully restored knee stability and patient function.
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Surgical reconstruction of the anterior cruciate ligament
(ACL) is one of the most common orthopaedic procedures,
with an estimated 100,000 to 175,000 ACL reconstructions
(ACLRs) performed annually.?%1%:17:20.24 The number of
ACLR procedures performed in the United States has
increased significantly since the mid-1990s, owing in part to
a dramatic increase in the number of ambulatory procedures
undergone by female patients.>'3 Recently, the all-inside
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reconstruction technique has come into favor and is theorized
to be superior to the complete tibial tunnel technique. All-
inside reconstruction uses a socket for both the femur and
tibia that accommodates the intraosseous length of the graft.
Advantages of all-inside reconstruction include preservation
of femoral and tibial bone mass, less cortical bone periosteal
disruption, decreased postoperative pain, and, in most cases,
a single hamstring tendon harvest that produces a larger
diameter graft.>1%?33031 However, possible disadvantages
of all-inside reconstruction include, but may not be limited
to, the surgical learning curve, more extensive ACL tibial
stump excision, and suspensory cortical tibial fixation.
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All-inside reconstruction has been biomechanically
assessed. Outcomes of all-inside and complete tibial tunnel
techniques using an allograft tendon are comparable.®
Additional case series have shown improved functional out-
comes between baseline and 2-year clinical follow-up when
the all-inside technique is used.??31 However, a cohort com-
parison of all-inside hamstring autograft reconstruction
versus complete tibial tunnel reconstruction has not been
reported in the literature. Regardless of graft type, failure
and revision rates are reported to be higher in younger
patients, likely because of their active lifestyle and quicker
return to sport.l’M’ZL22

The purpose of this study was to compare clinical results
and patient-reported outcomes (PROs) of a large group of
patients who underwent hamstring autograft ACLR by an
all-inside technique versus those who received a complete
tibial tunnel during ACLR. We hypothesized that outcomes
of ACLR using hamstring autograft with the all-inside
technique would be comparable to outcomes of the complete
tibial tunnel technique.

METHODS

This retrospective cohort study was performed at a single
institution after approval was obtained from an institutional
review board. The medical record database was queried for all
patients who underwent ACLR from July 2011 to July 2015
by 1 of the senior authors (M.J.S., D.L.D., B.A.L., or A.J.K.).
Patients were included only if they had primary ACLR with
semitendinosus or semitendinosus/gracilis autograft. A total
of 210 patients were initially identified for this study. Exclu-
sion criteria consisted of revision ACL procedures, the use of
allografts or patellar tendon autografts, concomitant poste-
rior cruciate or collateral ligament surgery, and a lack of min-
imum 2-year patient follow-up. Patients were not excluded on
the basis of age. Overall, 12 patients with revision ACLR, 2
patients with multiligament reconstruction, 1 patient with a
combined allograft-autograft construct, and 1 patient with
reactive arthritis were excluded. Of the 194 eligible patients,
136 (70.1%) were contacted at minimum 2-year follow-up
(Figure 1).

Each patient’s operative note was manually reviewed to
confirm the surgical technique performed, including the
graft type, graft construct, fixation technique, and other
intraoperative details such as concomitant procedures. The
patients were assigned to 1 of 2 groups: all-inside technique
or complete tibial tunnel technique. Medical records of all
patients were reviewed to obtain the patient demographic
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210 patients underwent ACL
reconstruction with a hamstring
autograft construct between July
2011 and July 2015

16 patients excluded: 12 revision
ACLR, 2 multi-ligament
reconstructions, 1 combined
autograft/allograft, and 1 patient
with reactive arthritis

r

194 patients eligible after
exclusion criteria applied

58 patients were lost to 2-year
follow-up (29.9%)

v
136 patients included in study
cohort: 82 who underwent all-

inside reconstruction and 54 with

complete tibial tunnels

Figure 1. Flow of patients through the study. ACL, anterior
cruciate ligament; ACLR, anterior cruciate ligament recon-
struction.

characteristics, injury details, physical examination find-
ings, graft diameter, complications, return-to-sport time,
and clinical outcomes. Patients were contacted via tele-
phone when necessary. Failure was defined as graft rup-
ture and/or requirement for revision reconstruction.

Surgical Technique

Patients in this study underwent primary ACLR with
either an all-inside or a complete tibial tunnel technique
according to the individual surgeon’s preference. The graft
constructs were composed of quadrupled semitendinosus
tendon or combined doubled semitendinosus and doubled
gracilis tendons. Further folding of the semitendinosus ten-
don strands and/or augmentation with additional ham-
string strands was required in 4 cases (2 patients with a
6-strand gracilis-semitendinosus construct and 2 patients
with a 7-strand gracilis-semitendinosus construct) to
achieve the necessary graft thickness.

For the all-inside reconstructions, the femoral socket was
created with a low-profile reamer and drilled in antero-
grade fashion from within the joint or in a retrograde
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fashion by use of a FlipCutter (Arthrex) to an osseous depth
of at least 20 mm. The transportal offset guide was posi-
tioned to create the socket at the insertion site of the direct
ACL fibers with a 1-mm proximal wall. The tibial socket
was created in a retrograde fashion by use of a FlipCutter.
The guide was positioned to create the socket aperture
adjacent to the lateral meniscal anterior horn attachment.
The graft was passed into the knee through the anterome-
dial portal, the femoral button was engaged on the lateral
femoral cortex, and the graft was advanced into the femur
through use of TightRope (Arthrex) shortening strands.
The distal end of the graft was then passed into the tibial
socket, and the TightRope button was engaged on the
medial tibial cortex. The entire construct (GraftLink;
Arthrex) was tensioned in full extension, the knee was
flexed and extended, and the graft was retensioned on
both the tibial and femoral sides.

For the complete tibial tunnel technique, a low-profile
reamer was used to create a femoral socket that was at
least 20 mm long. The transportal offset guide was posi-
tioned to create the socket at the insertion site of the direct
ACL fibers with a 1-mm proximal wall. The tibial tunnel
was created by means of a rigid reamer or a FlipCutter.
The guide was positioned to create the tunnel aperture
adjacent to the lateral meniscal anterior horn attachment.
The graft was passed into the tibial tunnel, through the
intra-articular space, and into the femoral socket. The cor-
tical fixation device, either Endobutton (Smith &
Nephew), TightRope, or RetroButton (Arthrex), was
engaged on the femoral cortex. The graft was tensioned
in full extension; the knee was flexed and extended and
then fixed with a tibial Bio-Compression Screw (Arthrex).
The screw diameter matched the tunnel size, creating a
line-to-line fit.

All patients underwent a standardized postoperative
rehabilitation program, including immediate knee exten-
sion equal to the preoperative measurement, return to run-
ning at 3 months, and return to cutting and pivoting sports
at 9 to 12 months.

Statistical Analysis

Patient characteristics including demographic factors,
time from injury to surgery, duration of in-clinic and
patient-reported follow-up, physical examination findings,
complication rates, and final outcomes were summarized
by use of descriptive statistics including mean, standard
deviation, range, and percentage when necessary. The
appropriate hypothesis testing (Fisher exact test,
Wilcoxon rank-sum test, and Pearson chi-square test
when applicable) was performed via JMP Pro 10.0.0 to
assess for statistically significant differences in group
demographics, complications, failure rates, physical exam-
ination findings, and PROs as well as to compare results
across surgical technique, graft diameter, graft construct,
and fixation device. Kaplan-Meier survival analysis was
used to compare time to failure between both patient
groups. P values less than .05 were considered to be sta-
tistically significant.
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TABLE 1
Demographic Characteristics of the Study Groups
All-Inside Complete
Group Tibial Tunnel
Characteristic (n = 82) Group (n =54) P
Age, y, mean + SD 25.8 +10.2 21.1+73 .008“
Preinjury Tegner 6.6 (4-8) 7.0 (5-9) .056
score, mean (range)
Sex, % male 59.8 57.4 .859
Mean body mass index 25.1 25.1 .838
Laterality, % right-sided 51.2 574 .489

Time from injury to 2.3 (0.26-180.7) 2.0 (0.5-34.7) .263
reconstruction, mo,
median (range)

Duration of clinical
follow-up, mo, median
(range)

Duration of follow-up for 30.1(24.7-72.9) 25.8 (23.9-74.5) .713
patient-reported
outcomes, mo, median
(range)

23.9 (0.7-59.9) 24.6 (1.7-61.5) .122

“Statistically significant difference between groups (P < .05).

RESULTS

A total of 82 patients in the all-inside group and 54 patients
in the complete tibial tunnel group had a minimum
follow-up of 2 years and met all inclusion criteria. Demo-
graphic characteristics of both groups are provided in
Table 1. Concomitant injuries and operations at the time
of index surgery in the 2 patient groups are described in
Tables 2 and 3. Presence of a lateral meniscal tear in
more patients from the all-inside group was the only
difference between the groups that reached statistical
significance, however this difference likely did not affect
overall outcomes.

The most commonly used graft construct and fixation in
the all-inside group was a quadrupled semitendinosus
autograft (74.4% of procedures), and 100% of procedures
used the TightRope fixation device. The most commonly
used graft in the complete tibial tunnel group was a com-
bined double semitendinosus with double gracilis (92.6% of
procedures); 65% of procedures used the Endobutton, 34%
the TightRope, and 1% the RetroButton fixation devices.
The mean graft diameter was 9.0 mm (range, 8.0-10.5
mm; SD, 0.6 mm) in the all-inside group versus 8.3 mm
(range, 7.0-10.0 mm; SD, 0.7 mm) in the complete tibial
tunnel group (P < .0001).

Physical examination data at the latest in-clinic visit
for those patients who did not experience failure are dis-
played in Tables 4 and 5. At a mean 2-year follow-up, the
mean range of motion in the all-inside group was 0.2° of
hyperextension (range, —5° to 10°; SD, 2.1°) to 136.4° of
flexion (range, 115° to 155°; SD, 7.0°), and in the com-
plete tibial tunnel group it was 0.3° of hyperextension
(range, —5° to 5°; SD, 1.9°) to 132.9° of flexion (range,
130° to 145°; SD, 4.7°).
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TABLE 2
Concomitant Injuries at Index Surgery®

All-Inside Complete Tibial
Group Tunnel Group
Injury (n = 82) (n = 54) P

None 18 (22.0) 19 (35.2) 115

Medial meniscal injury 36 (43.9) 21 (38.9) .598

Lateral meniscal injury 36 (43.9) 14 (25.9) .045°

Chondromalacia/chondral 19 (23.2) 9(16.7) .394
defect

Medial collateral ligament 3 (3.7 5(9.3) .264
sprain

Other® 2(2.4) 1(1.9 1999

“Values are expressed as n (%).

bStatistically significant difference between groups (P < .05).

“Other injuries included 1 patient with a tibial plateau fracture
and 1 patient with a bony avulsion in the all-inside group and 1
patient with previous tibial hardware in the complete tibial tunnel
group.

TABLE 3
Concomitant Surgeries at Index Surgery®

All-Inside Complete Tibial
Group Tunnel Group

Surgery (n = 82) (n = 54) P

None 21 (25.6) 22 (40.7) .089

Meniscal repair/meniscectomy 51 (62.2) 30 (55.6) 478

Chondral defect repair/ 17 (20.7) 7(13.0) 245
chondroplasty

Other” 337 1(1.9) .999

“Values are expressed as n (%).

bQther surgeries included 1 high tibial osteotomy, 1 loose body
removal, and 1 meniscal allograft transplant in the all-inside group
and 1 tibial hardware removal in the complete tibial tunnel group.

Overall, 8 of 82 patients (9.8%) in the all-inside group
and 10 of 54 patients (18.5%) in the complete tibial
tunnel group experienced failure prior to final follow-
up (P = .200). Complication and reoperation rates are
described in Table 6. PRO scores are presented in
Table 7.

No statistically significant difference was found in
Lysholm and IKDC scores between the 2 groups of patients;
however, those in the complete tibial tunnel group had
higher Tegner scores at the latest follow-up (P = .048).
Differences in failure rates, complications, and reoperation
rates between the 2 groups did not reach statistical signif-
icance, as shown in Table 6. Furthermore, no statistically
significant relationship was found between postoperative
outcomes and fixation type, graft diameter, or graft con-
struct. Average time to return to sport was 12.5 months
in the all-inside group compared with 9.9 months in the
complete tibial tunnel group (P = .028). Graft diameter for
the entire group of patients was stratified into 2 size brack-
ets: >9 mm or <9 mm. The failure rate in those with a graft
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TABLE 4
Data for the All-Inside Group
at the Latest Physical Examination®

Lachman Pivot Shift
Negative 73 (98.6) Negative 61 (82.4)
1+ 1(1.4) 1+ 0(0.0)
2+ 0(0.0) 2+ 0(0.0)
No data 0(0.0) No data 13 (17.6)
Total 74 (100.0) Total 74 (100.0)

“These data are for patients whose grafts did not fail. Values
are expressed as n (%).

TABLE 5
Data for the Complete Tibial Tunnel Group
at the Latest Physical Examination®

Lachman Pivot Shift
Negative 38 (86.4) Negative 36 (81.8)
1+ 5(11.4) 1+ 6 (13.6)
2+ 1(2.3) 2+ 0(0.0)
No data 0(0.0) No data 2 (4.5)
Total 44 (100.0) Total 44 (100.0)

“These data are for patients whose grafts did not fail. Values
are expressed as n (%).

TABLE 6
Complication, Reoperation, and Failure Rates
in the Study Groups®

Complications, All-Inside Complete Tibial

Reoperations, Group Tunnel Group

and Failures (n = 82)° (n = 54) P

None 66 (80.5) 41 (75.9) .530

Infection (required 1(1.2) 0(0.0) 1999
reoperation)

Arthrofibrosis 2(2.4) 1(1.9) 1999
(required
reoperation)

Revision meniscal 3 (3.7 2 (3.7 .989
surgery

Revision ACLR 8(9.8) 10 (18.5) .200
(failure)

Other® 3(3.7 0 (0.0) 277

“Values are expressed as n (%). ACLR, anterior cruciate liga-
ment reconstruction.

®One patient in the all-inside group had 2 reported complica-
tions.

“Other complications included 2 chondral defects requiring
debridement and 1 case of superficial wound dehiscence requiring
reoperative closure.

diameter >9 mm was 11.43% compared with 15.15% in
those with a diameter < 9 mm. Fisher exact test revealed
no significant difference in failure rate between the 2 graft
diameters (P = .616).
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TABLE 7
Patient-Reported Outcome Scores for the Study Groups®
Complete
All-Inside Tibial Tunnel
Scoring System Group Group P

93.8 (60.0-100) 94.4 (63.0-100) .621
93.5 (62.1-100)  93.3 (77.8-100)  .497
6.4 (5-8) 6.8 (5-9) .048°

Lysholm score
IKDC score
Tegner activity score

“These data are for patients whose grafts did not fail. Values
are expressed as mean (range). IKDC, International Knee Docu-
mentation Committee.

bStatistically significant difference between groups (P < .05).
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Figure 2. Survival plot comparing time to failure between both
groups of patients shows a mean time to failure of 13.59 +
5.65 months in the all-inside group and 21.44 + 12.86 months
in the complete tibial tunnel group. Furthermore, the plot illus-
trates an ultimately higher failure rate in the complete tibial
tunnel group; however, this did not reach statistical signifi-
cance.

Mean time to failure was 13.59 + 5.65 months in the all-
inside group and 21.44 + 12.86 months in the complete tib-
ial tunnel group. A survival plot comparing time to failure
is shown in Figure 2.

DISCUSSION

The present study is a comparative analysis of a large
group of patients who underwent ACLR by means of ham-
string autograft with an all-inside method (GraftLink) or a
complete tibial tunnel technique, performed during the
same time period (July 2011 to July 2015). Our cohort of
136 patients represents the largest of such studies to date
comparing these techniques. The data showed that both all-
inside and complete tibial tunnel ACLR techniques
resulted in successful restoration of knee ligamentous sta-
bility, positive PROs, high return to sport rates, and overall
comparable results. Furthermore, the all-inside technique
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demonstrated a lower failure rate. Our hypothesis was sup-
ported in that patients who underwent all-inside ACLR had
similarly positive PROs and physical examination results
relative to those who underwent complete tibial tunnel
reconstruction. Failure rates between the 2 groups were not
significantly different; however, the high failure rate
observed in the complete tibial tunnel group is concerning.

The mean postoperative Tegner score in the all-inside
group was 6.4 (range, 5-8; SD, 0.8) (preinjury score, 6.6
[range, 4-8; SD, 0.8]), and in the complete tibial tunnel
group it was 6.8 (range, 5-9; SD, 0.9) (preinjury score, 7.0
[range, 5-9; SD, 0.7]) (P = .048), indicating that patients in
both groups returned to near their preinjury levels of activ-
ity, which were predominantly nonelite recreational or
competitive sport levels.*2” Although the higher Tegner
scores demonstrated by the complete tibial tunnel group
reached statistical significance, this finding is likely not
clinically significant given the similarity in magnitude of
mean scores between the 2 groups. The mean age for both
groups fell within that of a relatively active age group, and
thus this difference in score is not likely confounded by
patient age. Mean postoperative IKDC scores were 93.5
(range, 62.1-100; SD, 8.4) in the all-inside group and 93.3
(range 77.8-100; SD, 7.0) in the complete tibial tunnel
group (P = .497), indicating that patients in both cohorts
had little to no limitation with daily or sporting activities
and minimal or absent symptoms following surgery.” Mean
postoperative Lysholm scores were 93.8 (range, 60-100; SD,
7.8) in the all-inside group and 94.4 (range, 63-100; SD, 7.6)
in the complete tibial tunnel group (P = .621) suggesting an
excellent level of knee performance.!®

The findings of the present study are consistent with
those reported in the literature. Volpi et al?® used Tegner,
Lysholm, and IKDC scores to compare 20 patients with all-
inside reconstruction and 20 patients with traditional
transtibial reconstruction; the investigators found compa-
rable outcomes in return to sport and articular function and
concluded that all-inside reconstruction did not yield supe-
rior results. A randomized controlled trial by Lubowitz
et al'® showed no difference in IKDC scores between
patients undergoing all-inside versus complete tibial tun-
nel ACLR, although patients from that study specifically
underwent an allograft tissue reconstruction. Benea et al?
randomized 46 patients to undergo either all-inside or com-
plete tibial tunnel ACLR and found no significant differ-
ence in mean IKDC subjective scores at 6 months
postoperatively.

In the current study, 8 patients (9.8%) in the all-inside
group and 10 patients (18.5%) in the complete tibial tunnel
group experienced graft failure requiring revision surgery
prior to final follow-up. This observation was not statisti-
cally significant, but the high failure rate for hamstring
autograft ACLR with a full-length tibial tunnel is concern-
ing. Of note, the higher failure rate was not associated with
any of the individual contributing surgeons in this study.
All-inside ACLR failure rates reported in the literature
range from 4.9% to 12.7%.2%233! The mechanism of failure
for all grafts in this study was either sports-related injury
or trauma, consistent with the reports of prior studies.?33!
In contrast to our findings, Connaughton et al® reported a
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concern for higher graft failure rates in all-inside ACLR;
however, the studies used in their analysis entailed allo-
graft reconstructions, which are inherently more prone to
failure in the young, active patient population.*1%22 No
conclusive findings regarding graft failure rates with auto-
graft reconstruction using the 2 reconstruction techniques
were found in the literature.

In our study, graft diameter was larger on average in the
all-inside group versus the complete tibial tunnel group (9.0
vs 8.3 mm, respectively). Prior studies have reported that
smaller graft diameter may play a role in worsening out-
comes following ACLR.14252¢ In our study, smaller graft
diameter (<9 mm) was not correlated with higher failure
rates (P = .616). Although the graft diameter was larger in
the all-inside group, this is consistent with the nature of the
technique and should be viewed not as a confounder but
rather as an inherent property of this surgical technique
when compared with complete tibial tunnel reconstruction.
Wernecke et al?® reported that increased hamstring auto-
graft diameter did not significantly reduce the need for
revision ACLR or improve clinical outcomes. However,
prior studies have documented that hamstring grafts smal-
ler than 8 mm are more vulnerable to failure.®

In the current study, the return-to-sport interval was
significantly shorter and graft diameter was significantly
smaller in the complete tibial tunnel group. However, it is
not likely that earlier return to sport was a causative factor,
as graft failure occurred at a mean of 21.44 months after
surgery in the complete tibial tunnel group.

This study is limited by its retrospective nature. The 2
groups of patients differed in mean age (25.8 vs 21.1, P =
.008) at the time of surgery; however, both ages fell within an
accepted range of skeletal maturity.®'%12 Preinjury Tegner
activity scores were similar between the 2 groups, suggest-
ing comparable preinjury activity levels. The patient groups
had comparable body mass index, numbers of concomitant
injuries and operations at the time of index surgery, dura-
tion from injury to surgery, and preoperative activity scores
but were not explicitly matched by their comorbidities or
demographic features. Four surgeons at a single institution
performed the procedures, which could have led to slight
variation in technique, graft selection, and fixation devices.
In addition, 30% of eligible patients were lost to follow-up.
Finally, use of the Tegner activity score and return to sport
as outcome measures has inherent limitations, given that
these parameters fail to incorporate how psychological fac-
tors or life events may prevent patients from participating in
their highest level of activity or desired sport over the course
of their rehabilitation. Despite the above limitations, our
large sample of compatible patient cohorts, thorough analy-
sis of preoperative patient and injury characteristics, and
duration of clinical examination and patient-reported
follow-up have provided the means for valuable information
to guide ACLR practices.

CONCLUSION

All-inside and complete tibial tunnel hamstring autograft
ACLR resulted in excellent physical examination findings
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and patient-reported outcomes at minimum 2-year follow-
up. Both techniques successfully restored knee stability
and patient function.
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