
Introduction
The anterior cruciate ligament (ACL) is a key stabilizing 

structure of the knee joint that plays a crucial role in maintaining 
rotational stability and preventing anterior translation of the tibia 
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Introduction: Anterior cruciate ligament (ACL) injury is a common knee ligament injury affecting young and physically active individuals. 
Arthroscopic ACL reconstruction is the standard treatment for symptomatic tears to restore knee stability and function. The all-inside ACL 
reconstruction technique using hamstring autograft has gained popularity because of its minimally invasive nature and preservation of bone 
stock. This study aimed to prospectively evaluate the short-term functional outcomes of all-inside ACL reconstruction using hamstring 
autograft in patients with complete ACL tears.
Materials and Methods: This prospective study was conducted at Gandhi Medical College, Bhopal, and associated Hamidia Hospital. Thirty-
six patients aged 18–50 years with clinically and radiologically confirmed ACL tears were included. All patients underwent arthroscopically 
assisted all-inside ACL reconstruction using hamstring autograft. Pre-operative evaluation included clinical examination, radiological 
assessment, and functional scoring using Lysholm–Tegner score, International Knee Documentation Committee (IKDC) score, and Visual 
Analog Scale. Patients were followed at 1, 3, and 6 months postoperatively to assess stability and functional outcomes.
Results: Most patients were aged 18–29 years, and male patients predominated. Road traffic accidents were the most common mechanism of 
injury. Most surgeries were performed within 1–3 months after injury. The majority of grafts measured 6–6.5 cm in length with an 8 mm 
diameter. Post-operative evaluation showed negative Lachman, anterior drawer, and pivot shift tests in all patients, with no varus or valgus 
instability. Most patients achieved excellent or good Lysholm–Tegner scores, whereas IKDC grading showed normal or near-normal knee 
function in all cases.
Conclusion: All-inside ACL reconstruction using hamstring autograft provides good short-term functional outcomes with restoration of knee 
stability in patients with complete ACL tears.
Keywords: Anterior cruciate ligament, all-inside anterior cruciate ligament reconstruction, hamstring autograft, arthroscopic surgery, knee 
instability, functional outcome.

Abstract

Learning Point of the Article:
All-inside anterior cruciate ligament reconstruction using a hamstring autograft is a minimally invasive technique that provides effective 

restoration of knee stability and favorable short-term functional outcomes in patients with complete ACL tears.

All-Inside Anterior Cruciate Ligament Reconstruction: A Minimally 
Invasive Bone Preserving Approach with Promising Functional 

Outcomes
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relative to the femur. ACL injuries are among the most common 
ligament injuries of the knee and frequently occur in young, 
physically active individuals, particularly during sports 
involving pivoting, jumping, and sudden deceleration 
movements [1]. These injuries can result in pain, instability, and 
functional impairment. If left untreated, they may lead to 
recurrent episodes of knee giving way and an increased risk of 
meniscal damage and early osteoarthritis [1].
ACL reconstruction (ACLR) has become the standard 
treatment for symptomatic ACL tears in active patients with 
functional instability. The primary objectives of ACL 
reconstruction are restoration of knee stability, prevention of 
secondary intra-articular damage, and return to pre-injury 
levels of activity and sports participation [2]. Various graft 
options have been described for ACL reconstruction, including 
autografts, allografts, and synthetic grafts. Among these, 
hamstring tendon autografts are widely used because of their 
favorable biomechanical properties, lower donor-site 
morbidity, and satisfactory long-term clinical outcomes [3].
Functional outcome assessment following ACL reconstruction 
is commonly performed using validated scoring systems such as 
the Lysholm Knee Score, International Knee Documentation 
Committee (IKDC) score, and Tegner activity scale, which 
help evaluate post-operative knee stability, pain, and functional 
recovery [4]. Several studies have reported that ACL 
reconstruction with hamstring autograft provides good to 
excellent functional outcomes and allows most patients to 
return to their previous activity levels following appropriate 
rehabilitation [5].
In recent years, the all-inside ACL reconstruction technique has 
gained increasing attention. This technique utilizes socket 
creation rather than full tunnels on both the femoral and tibial 
sides and employs suspensory fixation devices. The approach is 
considered minimally invasive and is associated with 
advantages such as preservation of bone stock, reduced post-

operative pain, and potentially faster rehabilitation compared 
with conventional techniques [6]. Clinical studies have 
demonstrated comparable functional outcomes and knee 
stability between the all-inside technique and conventional 
ACL reconstruction methods [7].
Despite the growing popularity of the all-inside technique, 
there is still limited prospective data evaluating its functional 
outcomes in patients with complete ACL tears. Therefore, the 
present study was conducted to prospectively evaluate the 
short-term functional outcomes of all-inside ACLR using 
hamstring autograft in patients with complete ACL tears.

Material and Methods
Study design and setting
This prospective, single-center, observational clinical study was 
conducted in the Department of Orthopaedics at Gandhi 
Medical College, Bhopal, and its associated tertiary care center, 
Hamidia Hospital, Bhopal, India. The study included patients 
diagnosed with a complete ACL tear who underwent 
arthroscopically assisted all-inside ACL reconstruction using a 
hamstring autograft. A total of 36 patients meeting the eligibility 
criteria were enrolled. The study was conducted after obtaining 
written informed consent from all participants. The sample size 
was determined based on feasibility and the number of eligible 
patients presenting during the study period. As this was a 
prospective observational study conducted within a defined 
timeframe, all patients meeting the inclusion criteria were 
consecutively enrolled, resulting in a total sample size of 36 
patients.

Inclusion criteria
Patients were included in the study if they met the following 
criteria:
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Figure 1: Pre-operative magnetic resonance imaging showing an anterior 
cruciate ligament tear in the left knee.

Figure 2: Post-operative X-ray.
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1. Patients aged 18–50 years with clinically and radiologically 
confirmed ACL tear
2. Patients willing to undergo surgical intervention and provide 
consent to participate in the study.

Exclusion criteria
Patients were excluded if they had:
1. Associated fractures in the involved extremity
2. Concomitant major ligament injuries, such as the posterior 
cruciate ligament, medial collateral ligament, or lateral collateral 
ligament injuries.

Pre-operative evaluation
All patients were admitted to the orthopedic ward and evaluated 
using a standardized case record form. A detailed clinical history 
was obtained, including duration of symptoms, mechanism of 
injury, previous treatment received, and limitations in activities 
of daily living.
Clinical examination included assessment of knee 
instability using the Lachman test, anterior drawer test, 
pivot shift test, and varus–valgus stress test. The 
neurovascular status of the affected limb was also 
evaluated.
Radiological investigations included plain radiography of 
the knee joint to rule out associated bony injuries. 
Magnetic resonance imaging of the affected knee was 
performed in patients with positive clinical findings 
suggestive of an ACL tear to confirm the diagnosis and 
evaluate associated intra-articular pathology.
Routine laboratory investigations—including complete 
blood count, liver and renal function tests, random blood 

sugar, serum electrolytes, bleeding time, clotting time, 
viral markers, and urine routine and microscopic 
ex aminat ion—were per for med as  par t  of  the 
preoperative assessment.
Functional evaluation was performed preoperatively 
using the Lysholm-Tegner knee score, IKDC score, and 
Visual Analog Scale for pain.

Surgical procedure
All patients underwent primary arthroscopically assisted 
ACL reconstruction using the all-inside technique under 
spinal anesthesia. Patients were positioned supine on the 
operating table with the operative limb placed at the edge 
of the table and a pneumatic tourniquet applied to the 
proximal thigh. Examination under anesthesia was 
performed to confirm knee instability and exclude 

additional ligament injuries.
Diagnostic arthroscopy was carried out using a 30° arthroscope 
through standard anterolateral and anteromedial portals. A 
s ystemat ic  eva luat ion of  the  su prapatel lar  pouch, 
patellofemoral joint, medial and lateral compartments, menisci, 
and intercondylar notch was performed. Torn ACL remnants 
were debrided to identify the femoral and tibial footprints.

Graft harvesting and preparation
The semitendinosus tendon was harvested through a small 
longitudinal incision over the pes anserinus. The harvested 
tendon was cleaned of muscle fibers and prepared as a 
quadrupled hamstring autograft using No. 5 non-absorbable 
sutures with a whip-stitch technique. The graft was pre-
tensioned on a tensioning board and soaked in vancomycin 
solution before implantation.

Femoral and tibial socket preparation
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Figure 3: Post-operative flexion.

Figure 4: Post-operative extension.
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The femoral socket was created through the anteromedial 
portal at approximately 110–120° of knee flexion using a guide 
pin and cannulated reamer positioned at the center of the native 
ACL femoral footprint. Socket depth was calculated based on 
femoral tunnel length, loop length, and button length to allow 
adequate graft seating.
The tibial socket was created using a retrograde drilling 
technique with a FlipCutter system, guided at approximately 
55–60° to the tibial plateau. The socket was positioned at the 
anatomical tibial footprint of the ACL.

Graft passage and fixation
The prepared graft was passed through the anteromedial portal 
into the joint and positioned within the femoral and tibial 
sockets using shuttle sutures. Femoral fixation was achieved 
using a cortical suspensory button, whereas tibial fixation was 
performed using an adjustable loop cortical fixation device. The 
knee was cycled through its range of motion multiple times to 
ensure appropriate graft tension and fixation stability.

Post-operative rehabilitation
A standardized rehabilitation protocol was followed for all 
patients. Early mobilization with controlled weight-bearing was 
initiated on the 1st post-operative day. Range-of-motion 
exercises and quadriceps strengthening were gradually 

introduced dur ing  the  1st  few week s.  Progress ive 
strengthening, proprioceptive training, and closed-chain 
exercises were incorporated during the rehabilitation period. 
Functional activities such as running and jumping were 
introduced after approximately 3 months, followed by sport-
specific training in the later stages of recovery (Fig. 1-5).

Follow-up and outcome assessment
Patients were followed postoperatively at 1 month, 3 months, 
and 6 months. At each follow-up visit, clinical evaluation 
included assessment of swelling, tenderness, and range of 
motion. Knee stability was assessed using the Lachman test, 
anterior drawer test, varus stress test, and valgus stress test. 
Functional outcomes were evaluated using the Lysholm-Tegner 
score and IKDC score during follow-up visits.

Statistical analysis
All collected data were entered into Microsoft Excel and 
analyzed using the Statistical Package for the Social Sciences 
(SPSS) software (IBM SPSS Statistics, version 25.0). 
Descriptive statistics were used to summarize baseline 
demographic and clinical characteristics. Continuous variables 
were expressed as mean ± standard deviation, whereas 
categorical variables were presented as frequencies and 
percentages. Comparative analysis between pre-operative and 
post-operative functional scores was performed using the 
paired Student’s t-test for normally distributed data. Changes in 
clinical test outcomes (Lachman test, anterior drawer test, pivot 
shift test) were analyzed using the McNemar test. P ≤ 0.05 was 
considered statistically significant. All statistical tests were two-
tailed.

Results
A total of 36 patients with complete ACL tears who satisfied the 
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Figure 5: Post-operative squatting.

Variable n Percentage

18–29 20 55.6

30–39 11 30.6

40–50 5 13.9

Male 32 88.9

Female 4 11.1

Table 1: Age and sex distribution of study 

participants (n=36)

Age group (years)

Sex
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inclusion criteria were included in the present prospective 
study. The demographic distribution of the study population 
demonstrated that the majority of participants were in the 
younger age group, with most patients falling within the 18–29 
years category, followed by the 30–39 years group, while 
comparatively fewer patients were in the 40–50 years age group. 
The study population showed a clear male predominance, with 
males representing the vast majority of cases, whereas females 
constituted only a small proportion of the participants (Table 
1).
Analysis of injury characteristics indicated that road traffic 
accidents were the most common mechanism of injury, 
followed by slip and fall incidents, whereas sports-related 
injuries accounted for a smaller proportion of cases. With 
respect to the interval between injury and surgical intervention, 
most patients underwent surgery within 1–3 months after 
injury, whereas smaller proportions of patients presented either 
earlier or after a longer duration. Evaluation of graft parameters 
revealed that the majority of grafts measured within the 6–6.5 
cm length range, whereas the remaining grafts were slightly 
longer. Similarly, most grafts had a diameter of 8 mm, with 
fewer patients demonstrating either smaller or larger graft 
diameters (Table 2).
Post-operative clinical assessment during follow-up 
demonstrated excellent knee stability across the study 
cohort. All patients exhibited negative results on Lachman, 
anterior drawer, and pivot shift tests, and no instability was 
detected on varus or valgus stress testing. Furthermore, 
none of the patients reported post-operative episodes of 
knee giving way during the follow-up period, indicating 
satisfactory restoration of joint stability following 
reconstruction (Table 3).
Functional outcome evaluation using the Lysholm-Tegner 

scoring system revealed that the majority of patients 
achieved outcomes classified as excellent, while a 
smaller proportion demonstrated good results. Only 
a limited number of patients fell within the fair 
category, and no cases were classified as poor. 
Overall, these findings indicated a favorable 
functional recovery among the study participants 
following the surgical procedure (Table 4).
Assessment based on the IKDC scoring system 
further supported the positive functional outcomes 
obser ved in the cohort. Most patients were 
categorized as having near-normal knee function, 
while a substantial proportion achieved normal knee 
function. Notably, none of the patients fell into the 
abnormal or severely abnormal categories, 
suggesting effective restoration of knee function 
following all-inside ACL reconstruction (Table 5).

Discussion
ACL reconstruction is widely performed to restore knee 
stability, functional capacity, and return to pre-injury activity 
levels in patients with ACL tears. The present study evaluated 
the functional outcomes following arthroscopic ACL 
reconstruction using hamstring autograft and demonstrated 
significant post-operative improvement in knee function, 
consistent with findings reported in recent literature.
Several  studies have show n that ar throscopic ACL 
reconstruction using hamstring tendon autograft provides 
excellent functional outcomes with significant improvements 
in validated knee scoring systems. A prospective study reported 
that the mean Lysholm score improved markedly from 
approximately 49 preoperatively to around 95 at final follow-up, 
with nearly 90% of patients achieving excellent functional 
results after reconstruction [8]. Similar improvements have 
been documented in other prospective studies, where post-
operative Lysholm scores increased to above 90, indicating 

Variable Category n Percentage

Road traffic accident 18 50

Slip and fall from 

height/Stairs
12 33.3

Sport 6 16.7

0–1 month 6 16.7

1–3 months 14 38.9

3–12 months 6 16.7

>1 year 10 27.8

6–6.5 cm 22 61.1

6.5–7 cm 14 38.9

7 mm 4 11.1

8 mm 20 55.6

9 mm 12 33.3

Table 2: Injury characteristics and graft parameters (n=36)

Mode of injury

Injury-operation 

interval

Graft length/Size 

(cm)

Graft diameter

Clinical test/Finding Result n Percentage

Lachman test Negative 36 100

Anterior drawer test Negative 36 100

Pivot shift test Negative 36 100

Varus stress test No instability 36 100

Valgus stress test No instability 36 100

Giving way episode None 36 100

Table 3: Post-operative clinical test findings during follow-up 

(n=36)
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restoration of knee stability and satisfactory functional recovery 
[9].
Systematic reviews and meta-analyses have further confirmed 
t h e  e f f ec t i ven ess  o f  hamst r i ng  au tog raf t s  i n  ACL 
reconstruction. A recent meta-analysis evaluating outcomes in 
the Indian population demonstrated significant improvement 
in Lysholm, IKDC, and Tegner activity scores following 
reconstruction with hamstring tendon grafts, suggesting 
reliable functional recovery and improved activity levels after 
surgery [10]. These findings support the use of hamstring 
autograft as a dependable graft option for ACL reconstruction.
In addition to graft choice, surgical techniques also influence 
post-operative outcomes. The all-inside technique has gained 
popularity due to its minimally invasive nature and potential 
advantages such as reduced post-operative pain and faster early 
recovery. Comparative studies have shown that both all-inside 
and conventional tibial tunnel techniques result in excellent 
functional outcomes and comparable patient-reported 
outcome scores at follow-up [6]. However, early post-operative 
pain and rehabilitation may be slightly improved with the all-
inside approach.
Other studies evaluating variations in hamstring graft 
preparation, such as multi-strand or five-strand graft 
constructs, have demonstrated significant post-operative 
improvements in functional scores such as IKDC and the 
knee injury and osteoarthritis outcome score. These 
techniques may help ensure adequate graft diameter and 
provide satisfactory knee stability with minimal 
complications [11]. Similarly, randomized studies 
comparing different hamstring graft configurations have 
reported significant improvement in functional 
outcomes regardless of the specific graft preparation 
method, indicating the overall reliability of hamstring 
tendon grafts in ACL reconstruction [12].
The functional recovery observed following ACL 
reconstruction is also closely related to structured 
rehabilitation and progressive strengthening of peri-

articular musculature. Studies evaluating post-
operative functional recovery have shown that the 
most substantial improvement in knee function 
occurs within the first 6–12 months following 
surgery, highlighting the importance of early 
physiotherapy and rehabilitation protocols [11].
R ecent  ev idence cont inues  to  suppor t  the 
effectiveness of the all-inside ACLR technique using 
hamstring autograft in achieving favorable early 
functional outcomes. A recent systematic review and 
meta-analysis demonstrated that all-inside ACL 
reconstruction yields comparable functional scores 
(IKDC and Lysholm) and knee stability outcomes to 

conventional full-tunnel techniques, with the added benefit of 
reduced post-operative pain and preservation of bone stock 
[13]. In addition, a 2024 cohort study reported significant early 
improvements in patient-reported outcome measures and high 
rates of return to pre-injury activity levels, emphasizing the role 
of minimally invasive techniques in enhancing recovery [14]. 
Furthermore, recent clinical investigations have highlighted 
that all-inside ACL reconstruction is associated with low 
complication rates and satisfactory graft integration, 
contributing to reliable short-term outcomes [15]. These 
findings are in agreement with the present study, which 
demonstrated restoration of knee stability and predominantly 
excellent to good functional outcomes within the short-term 
follow-up period.
The present study has several strengths. It was conducted using 
a prospective study design, allowing systematic data collection 
and follow-up of patients undergoing all-inside ACLR. A 
uniform surgical technique using hamstring autograft was 
applied in all cases, minimizing procedural variability. 
Functional outcomes were assessed using validated scoring 
systems such as the Lysholm-Tegner score and IKDC score, 
enhancing the reliability of outcome measurement. In addition, 

Lysholm-Tegner 

score category
Score range n Percentage

Excellent >90 22 61.1

Good 84–90 9 25

Fair 65–83 5 13.9

Poor <65 0 0

Table 4: Distribution of cases according to post-operative 

Lysholm-Tegner score (n=36)

IKDC score 

category
Score range n Percentage

Normal >90 15 41.7

Near normal 76–89 21 58.3

Abnormal 50–75 0 0

Severely 

abnormal
<50 0 0

Table 5: Distribution of cases according to post-operative 

IKDC score (n=36)

IKDC: International Knee Documentation Committee



all patients under went a standardized post-operative 
rehabilitation protocol, which contributed to consistency in 
recovery assessment.
The study has certain limitations that should be acknowledged. 
The sample size was relatively small, and no formal sample size 
calculation was performed, which may limit the generalizability 
of the findings. The follow-up duration was limited to 6 months, 
restricting the evaluation of long-term outcomes such as graft 
durability, return to sports, and late complications. The absence 
of a control or comparison group (such as conventional ACL 
reconstruction techniques) limits the ability to compare the 
effectiveness of the all-inside technique directly. Furthermore, 
the study included only patients with isolated ACL tears, which 
may not reflect outcomes in patients with associated ligament 
injuries. Potential selection bias and single-center design may 
also affect the external validity of the results.
Overall, the findings of the present study align with existing 
literature demonstrating that arthroscopic ACL reconstruction 
using hamstring autograft results in significant improvement in 
knee function and stability with low complication rates. The 
procedure remains a widely accepted and effective surgical 
option for the management of ACL injuries, particularly in 
young and physically active individuals.

Conclusion
The present study demonstrates that all-inside ACLR using 
hamstring autograft is an effective surgical technique for the 
management of complete ACL tears, providing excellent short-
term functional outcomes and satisfactory knee stability. The 
majority of patients achieved excellent to good functional 
results based on Lysholm–Tegner and IKDC scoring systems, 
with restoration of joint stability and absence of post-operative 
instability episodes during follow-up. These findings suggest 
that the all-inside technique is a reliable and minimally invasive 
approach that facilitates early functional recovery and favorable 
clinical outcomes in patients undergoing ACL reconstruction.

Clinical Message

The all-inside ACL reconstruction technique using a hamstring 
autograft represents a reliable, minimally invasive option that 
preserves bone stock while effectively restoring knee stability. It is 
particularly suitable for young and active patients with complete 
ACL tears, offering excellent short-term functional outcomes. The 
procedure demonstrates consistent improvement in validated 
functional scores with low postoperative instability. Early 
rehabilitation combined with this technique can facilitate faster 
recovery and return to daily activities.
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