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Abstract: Background: The identification of the branch of the inferior medial genicular artery (bIMGA)
in anterior cruciate ligament reconstructions (ACLRs) has previously been considered a landmark by
some surgeons, but its consistency remains debated. The aim of this investigation was to evaluate the
variability in the appearance and location of bIMGA and to assess its validity as a reliable landmark
during hamstring tendon harvesting procedures. Methods: This prospective, single-center study
comprised 213 patients who underwent ACLR over a period of two years. The surgical procedures
were conducted by the same surgical team, maintaining uniformity in the approach. The study
sought correlations between patient demographics, level of activity, and the potential for successful
identification of the bIMGA. Results: A statistically significant association between patient activity
levels and successful identification of the bIMGA (p = 0.035) was observed. No significant correlations
were found concerning patient demographic characteristics. bIMGA demonstrated a substantial
degree of anatomical variability, rendering its consistent identification in the surgical field challenging.
Conclusions: Given the observed variability and the associated difficulty in its identification, the use
of the bIMGA as a dependable anatomical reference during ACL graft harvesting is not recommended.
This study confirms the inconsistency of bIMGA as a traditional landmark, underscoring the need
for research aimed at identifying more consistent and reliable anatomical references to enhance the
precision of surgical interventions in ACLR.

Keywords: pes anserinus; ACL anatomic landmarks; hamstring harvesting; ACL reconstruction;
ACL graft harvesting

1. Introduction

The anterior cruciate ligament (ACL) is essential for knee stability and function. In-
juries to the ACL can impair mobility and necessitate surgical intervention, making ACL
reconstruction (ACLR) a common and vital orthopedic procedure, particularly in the
context of sports-related injuries [1,2].

Over the years, surgical techniques and graft choices have evolved considerably, offer-
ing a wider array of options to orthopedic surgeons and patients alike [3,4]. A successful
ACLR heavily relies on optimal graft integration, which can be influenced by several factors,
including the choice of autograft and other inherent biological considerations [5]. Among
the multitude of available graft sources, autografting using the patient’s own hamstring
tendons (HT) remains a widely favored choice due to its proven track record of positive
clinical outcomes and lower graft rejection risks [5,6]. Due to its potential to influence the
overall surgical outcome and the patient’s post-operative recovery, graft harvesting is a
nuanced and intricate step in the ACLR procedure [5]. It calls for a high level of surgical
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skill and precision, combined with a comprehensive understanding of knee anatomy [6].
In the nuanced and complex procedure of graft harvesting for ACLR, specific anatomical
landmarks serve as essential guides. The identification of the medial border of the tibia,
the tibial tubercle, and the sartorial fascia (after dissecting superficial tissues) provides
surgeons with orientation points. These landmarks have been instrumental in streamlining
the predictability of the procedure, thereby minimizing associated complications [7,8].

A comprehensive understanding of the pes anserinus anatomy is paramount in the
ACLR graft harvesting procedure. Significant insights into the vascularity and neurore-
ceptors of this notable landmark were provided in a comprehensive study conducted two
decades ago [7]. Any inaccuracy in delineating tendons necessary for grafting can lead
to serious complications, including damage to the surrounding soft tissues or neurologic
pathology via injury to the infrapatellar branch of the saphenous nerve [8,9]. Furthermore,
the necessity to create a clear demarcation between the sartorius muscle tendon and the
tendons of the gracilis and semitendinosus muscles cannot be overstated, as it is integral to
the success of the graft harvest and subsequent reconstruction [10].

Recently, a novel vascular anatomical reference, frequently named the “sentinel vessel”
or the inferior medial geniculate artery branch (bIMGA), has been brought to the forefront
of ACLR surgical planning, with studies suggesting its potential to enhance procedural
predictability and decrease harvest-related complications [11–13]. The inferior genicular
arteries, consisting of the lateral and medial inferior genicular arteries and their branches
are critical vascular structures that arise from the popliteal artery (Figure 1).
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They are primarily responsible for supplying blood to the knee joint, complementing
the contributions from their superior genicular counterparts [13]. However, these studies
also propose that this vascular structure may not be universally present, posing a potential
challenge to its widespread application. This limitation highlights the need for careful
consideration and potential alternatives when planning the surgical approach, recognizing
that its absence might impact the velocity and outcome of the procedure.

The main objective of the present study is to investigate the anatomical variability
of this vascular structure in the context of ACLRs. Insight is sought on its incidence and
implications for surgical planning and procedure standardization. A secondary aim is to
augment the state-of-the-art and assist in the refinement of ACLR surgical techniques.

2. Materials and Methods

The conduct of this study was in full compliance with ethical standards, having
received formal approval (No. 2023334) from the local ethical review board at Regina Maria
Hospital’s ethics committee, located in Timisoara. This process included a thorough review
of the research protocols to ensure the safeguarding of participant rights, adherence to
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the principles of informed consent, and compliance with relevant regulatory standards.
Furthermore, all research procedures strictly adhered to the principles of the Declaration of
Helsinki.

2.1. Study Design

A prospective study was conducted involving 213 consecutive patients who under-
went ACLR with an HT autograft. The study participants had experienced an isolated
knee trauma leading to an ACL tear, which was confirmed via magnetic resonance imaging
(MRI) and clinical examination. The surgical procedures were conducted by the same sur-
gical team, led by a senior orthopedic surgeon. Assisting him were two junior orthopedic
surgeons. The combined expertise of this team ensured uniformity and precision in the
approach over a period of approximately 24 months.

2.2. Inclusion and Exclusion Criteria

The study included patients who had experienced an isolated knee trauma resulting
in an ACL tear, confirmed by MRI and clinical examination (Lachman and anterior drawer
tests). Both male and female patients aged between 18 and 65 years were considered for
inclusion. Additionally, the patients had to range from very low to very high on a physical
activity scale from 1 to 5. Patients were excluded from the study if they had multiple
ligament injuries in the knee or had undergone previous surgeries on the affected knee.
We also excluded those with systemic diseases or conditions that could interfere with the
surgery or post-operative recovery, such as diabetes, rheumatoid arthritis, or any form of
immunodeficiency. Patients who were unable or unwilling to follow post-operative care
instructions or to attend follow-up appointments were not considered for the study.

2.3. Surgical Procedure

Surgical procedures were performed with patients in a supine position, with the knee
flexed and placed in a leg holder, under regional anesthesia. A tourniquet was uniformly
used, inflated at 275 mmHg following vascular drainage of the leg and prior to skin incision.
Prophylactic antibiotic therapy and tranexamic acid were administered during surgery.

A small incision was made over the pes anserinus, where the tendons insert on the
medial side of the tibia, just below the knee joint line. Identification of the pes anserinus
was achieved by palpating 1.5 cm medial and below the lower margin of the tibial tubercle.
The skin incision typically ranged from 2 to 3 cm in length, positioned slightly oblique
from medial and proximal to lateral and distal. Subsequent to meticulous dissection of
the subcutaneous tissues, a Langenbeck retractor was placed medially and the presence or
absence of the ‘sentinel vessel’ was noted and documented (Figures 2 and 3).

The HT harvesting continued with a horizontal incision of the fascia and identification
of the gracilis and semitendinosus tendons at their insertion points on the pes anserinus. A
closed tendon stripper was utilized to strip the grafts proximally, and the HT preparation
proceeded with muscle tissue stripping and quadruple stitching of the graft. The process
culminated with a standard, single-bundle graft ACL reconstruction.

2.4. Statistical Analysis

Data processing was performed with the SPSS® 26 Suite (IBM© Corporation, Ar-
monk, NY, USA, 2019). Descriptive analyses were conducted to determine frequencies and
correlations. Both the Student’s t-test and the chi-square tests were used, and statistical sig-
nificance was established for each variable. The t-test was selected as the statistical analysis
method due to its efficacy in comparing means between two independent groups, which in
this case were the patient groups. Before the implementation of the t-test, a Shapiro–Wilk
test was conducted to ascertain the normality of the data distribution. Additionally, the
homogeneity of variances was confirmed using Levene’s test, another assumption for the
t-test, to ensure the reliability of the analysis outcomes. Sensitivity analyses were conducted
to explore the robustness of the findings, providing added confidence in the results. All
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findings were presented with a confidence interval of 95%, reflecting the level of certainty
in the statistical conclusions drawn from the study.
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In conducting our analysis, we first segregated the dataset into two groups based on
the gender of the patients: male and female. The variable of interest was the proportion
of patients presenting with bIMGA in each group. For each gender, we calculated the
mean proportion of patients with bIMGA across all age groups. We then employed the
independent samples t-test to compare these mean proportions between males and females.
This test was chosen because it allows the comparison of means between two independent
groups and our data met the assumptions of normality and equal variances.

3. Results

In the study population, 135 individuals (63.4%) were male, exhibiting a mean age of
30.2 years, with an age range of 15–46 years, and were predominantly involved in active
sports or physical occupations. Patient characteristics and demographics, including details
about their social determinants of health, are illustrated in Table 1.
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Table 1. Patient demographics and characteristics.

Patient Characteristics Total n = 213

Gender (n, %)

Male 135 (63.4%)

Female 78 (36.6%)

BMI (mean ± sd)

Male 26.4 ± 3.7

Female 23.7 ± 3.4

Smoking status (n, %)

Current smoker 38 (17.8%)

Past smoker 25 (11.7%)

Non-smoker 150 (70.5%)

Alcohol use status (n, %)

Regular use 46 (21.6%)

Occasional use 101 (47.4%)

Non-drinker 66 (31%)

Conservatory treatment post-injury (n, %)

Yes 100 (47%)

No 113 (53%)
BMI—Body Mass Index; sd—standard deviation; n—number.

Preoperative data were collected at the time of study enrollment by a study nurse and
are meticulously presented in Table 2. Given the significant influence that age exerts on the
vascular tonus, which is known to be a crucial factor in various physiological responses, we
have chosen to present it more granularly, separately in a distinct table, along with activity
level. This method of presentation allows for a more detailed examination of age-related
variations and their potential implications on the study’s findings.

Table 2. Age of patients and their activity level (number of patients corresponding to each age
interval—also depicted in percentage; number of patients corresponding to each activity level group).

Male Female

TOTAL 135 (63.38%) 78 (36.62%)

Age (n, %)

Under 20 13 (9.62%) 19 (24.35%)
20–30 57 (42.22%) 19 (24.35%)
30–40 28 (20.74%) 24 (30.76%)
40–50 7 (5.18%) 10 (12.82%)

Over 50 7 (5.18%) 6 (7.69%)

Activity level * (n)

1 10 11
2 16 19
3 53 23
4 50 20
5 6 5

n—number. * Activity level scales from 1 to 5.

A diminished degree of consistency was encountered in the identification of the
bIMGA within the patient cohort when utilizing the described surgical procedure. Patient
subgroups were established based on the presence or absence of the specified blood ves-
sel. The data associated with these groupings were systematically accumulated and are
presented in Table 3. No statistically significant correlations could be discerned between
patient characteristics and the presence or absence of the bIMGA.
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Table 3. The findings of our bIMGA during our harvesting approach for different age intervals,
genders, and activity levels.

Male Female

bIMGA Present bIMGA Absent bIMGA Present bIMGA Absent

TOTAL 73 (54%) 62 (46%) 26 (33.3%) 52 (66.6%)

Age (n)

Under 20 9 4 12 7

20–30 32 25 6 13

30–40 18 10 4 20

40–50 7 15 3 7

Over 50 7 8 1 5

Activity level * (n)

1 6 4 4 7

2 8 8 6 13

3 29 24 7 16

4 25 25 8 12

5 5 1 1 4

* rated on a scale of 1–5; 1—very low, 5—very high.

The results of the t-test indicated that there was no statistically significant difference
between the mean proportion of males and females presenting with bIMGA across all age
groups (Table 4). As a result, our test did not identify a statistically significant difference
between the two means, indicating that the gender of the patients did not have a significant
effect on the proportion of bIMGA presentation across all age groups in our study. The
results of the chi-square test indicated a possible association between the age group and
the presence or absence of bIMGA. This correlation, however, did not attain statistical
significance.

Table 4. Statistical significance of variables and bIMGA identification.

t-Test *

BMI 0.085
Age 0.062
Smoking Status 0.062
Gender 0.073
Alcohol Use 0.079

* p-value.

The chi-square test was used for data pertinent to specific levels of activity. The
calculated p-value was 0.035, which was less than the significance threshold of 0.05. Both
genders exhibit a statistically significant correlation between activity level and the presence
or absence of bIMGA.

4. Discussion

The main discovery in this investigation is the correlation between the patient’s
activity levels and the successful identification of the bIMGA. The observed association
suggests that there may be underlying factors related to activity levels that coincide with
the identification of the bIMGA It is essential to note that this finding does not imply a
causal relationship between physical activity and the detectability of this vascular structure
during ACL graft harvesting. The complexities associated with the identification and
obtaining appropriate length tendons from the pes anserinus are well documented [14].
Precision is of the utmost importance during this phase, as it substantially influences the
success rate and surgery time of the ACL reconstruction procedure [15]. In light of this,
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it is imperative to employ rigorous and accurate techniques for the identification of pes
anserinus, a procedure intrinsically linked to the meticulous delineation of the precise
muscle insertions, namely the gracilis and the semitendinosus [16]. Identification and
differentiation are based on well-established anatomical landmarks, with the tibial tubercle
serving as the primary reference point [17]. It facilitates the accurate identification of pes
anserinus and subsequent isolation of the desired tendons by acting as a consistent and
dependable guide.

The presence of tendon anatomical variations demands significant consideration.
Numerous research studies have identified a variety of anomalies, including accessory
fascial bands, supernumerary muscles, and additional tendon slippage, thereby posing
difficulties in the precise procurement of tendons for grafting [18–20]. The inability to
harvest adequately due to these variations may result in suboptimal autografts, which may
necessitate a switch to an allograft or an instantaneous change in the autograft selection
during the procedure. In addition to extending the duration of surgical procedures, such
occurrences may also contribute to higher rates of complications, thereby adding to the
complexity of the procedure. A retrospective study that used MRI to evaluate adolescents
who have undergone ACL reconstruction revealed the severity of this issue [14]. The
research discovered that approximately 3% of the adolescent research cohort had anomalous
tendons. This highlights the need for comprehensive preoperative evaluations, a better
understanding of anatomical variations, and a commitment to ongoing research in this area
with the final aim to refine surgical strategies and optimize personalized patient outcomes.

Recent research by de Lima Lopes and colleagues [12] revealed the existence of a
vascular arch originating from three primary arteries: the medial inferior geniculate artery,
the lateral inferior geniculate artery, and the anterior recurrent tibial artery. This complex
vascular network characterized by variable vessel diameters was observed in all study
participants. Despite these results, the reliability of this vascular arch as an anatomical
reference was still questionable. A crucial limitation was the absence of an evaluation of the
bIMGA’s precise position in their investigation. In addition, the study sample comprised
only individuals who had never undergone knee surgery or exhibited any anatomical
deformities. This potentially restricts the applicability of these findings, indicating that the
utility of this anatomical feature may be limited to a subset of patients, according to the
authors’ study results.

Based on an examination of four cadaveric specimens, Zaffagnini et al. provided
a detailed description of the neurovascular anatomy [7]. Our own research indicates
that the efficacy and usefulness of these anatomical landmarks remain questionable. Our
study revealed a high degree of variability in the presence of the vessel, which may be
attributable to inherent anatomical variations or identification difficulties. When possible,
blunt palpation of the pes anserinus can provide insightful information. In certain patient
populations, this technique’s efficacy may be significantly compromised. For instance, in
patients with an abundance of subcutaneous adipose tissue, palpation can be especially
difficult, thereby impeding accurate identification and harvesting procedure. Moreover,
an analysis of a prospective series of MRI scans reveals that women tend to have a greater
accumulation of fat superficial to the insertion of their hamstring tendons than males [21].
This anatomical distinction appears to be independent of Body Mass Index and may present
additional complications during hamstring tendon harvesting, possibly influencing the
visibility and accessibility of the insertion site.

Shahid and colleagues examined 20 cadaveric knees in detail, concentrating on the
branching and vascular anatomy of the geniculate arteries [22]. In this analysis, bIMGA
was consistent across all knees and the authors emphasize the importance of incorporating
these extensive variations into standard surgical procedures. This consideration is crucial
as it may reduce local morbidity rates. This leads us to believe that the incidence of bIMGA
can be higher than our results show, but its anatomical variability is high. This can be seen
as a clinical example in Figure 1, where it can be clearly perceived that on the left knee, the
vascular structure has a different orientation.
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The inconsistency of bIMGA as a reliable anatomical reference during graft harvest-
ing procedures was observed in our study. This can be explained and highlighted by
a number of factors. Initially, the bIMGA’s small caliber vessel size and patient-specific
anatomical characteristics make it easy to overlook during surgical procedures. The absence
of detection during our surgical procedures does not necessarily indicate that the vessel
does not exist. Second, inherent vascular variability poses a difficult obstacle and directly
contributes to the third possible explanation, which is the difficulty of precisely locating
a small vascular structure via a less invasive surgical approach in a manner that can be
replicated and standardized. This observation necessitates additional research to refine
existing methods or identify more reliable anatomical landmarks that could improve the
efficacy and predictability of graft harvesting techniques.

Obviously, the utility of prominent anatomical landmarks for various interventions
and comprehensive approaches cannot be contested or changed, as they serve as naviga-
tional aids for surgeons during the procedure [8]. Our data analysis indicates a statistically
significant correlation between bIMGA’s presence and levels of activity. We hypothesize
that this association may be due to demographic factors such as weight and subcutaneous
tissue volume, both of which may interfere with the accurate identification of bIMGA. In the
analytical phase of the study, the chi-square test was employed to evaluate the association
between categorical variables—specifically, the data related to distinct levels of activity. By
employing this method, it was possible to determine if there was a significant difference
in the distribution of observed frequencies compared to expected frequencies under the
assumption of independence.

Despite the fact that the current study provides important insights into the interaction
between age groups, gender, activity levels, and the detection of the bIMGA during ACLR,
it is important to acknowledge our limitations. The reduced sample size, which is common
in single-center research, is a restriction that may have reduced statistical power and the
capacity to identify significant changes. In the design of this study, no power analysis
or specific sample size calculation was conducted. The decision to omit these analyses
was made in consideration of the exploratory nature of the investigation and the limited
existing literature on the bIMGA in ACL reconstructions. The sample size of 213 patients
was determined based on the clinical volume over a two-year period, ensuring a diverse
and representative cohort for the evaluation of bIMGA. While this approach may limit the
generalizability of the statistical findings, it enabled in-depth and nuanced insights into the
state-of-the-art of this specific anatomical feature.

Furthermore, the study was restricted to a specific patient cohort, which may not be
indicative of the broader population. Additional multicenter research with larger sample
sizes and more diverse patient populations is required to validate and expand the current
study’s findings.

Our study provides new insights into the challenges of identifying bIMGA in ACL
graft harvesting, emphasizing the significant variability in its presence and its correlation
with patient activity levels. Derivatively, we have underscored the importance of individu-
alized approaches and meticulous preoperative evaluations highlighting the thoroughly
described importance of personalized evaluations prior to surgery [23–25]. Our findings
also illuminate the need for refining surgical methods and identifying more reliable anatom-
ical references. Despite certain limitations, our research contributes valuable perspectives to
the evolving body of knowledge on this specific anatomical feature in ACL reconstructions.
Moreover, in this realm of ACL reconstructions, advancements are ceaselessly shaped by
nascent research findings and technological innovations. Our scholarly contributions to
this continually developing discourse underscore the imperative for sustained academic
inquiry and methodological evolution.

A better understanding and appreciation of these anatomical variances can help to
optimize surgical methods, lowering the chance of unfavorable outcomes. Our findings
highlight the necessity of individualized surgical and therapeutic approaches based on
thorough preoperative evaluations.
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5. Conclusions

Based on our examination of the studied sample, bIMGA demonstrated a high degree
of anatomical variation, thereby posing substantial challenges in its consistent identification
within the surgical field. Our analysis did not establish a significant correlation between
the variability of the bIMGA and the demographic characteristics of patients. Considering
these observations, we advise against the utilization of the bIMGA as a reliable anatomical
landmark during ACL graft harvesting procedures due to its marked inconsistency and the
potential to compromise surgical precision.

Author Contributions: Conceptualization, O.R.; methodology, A.-M.F. and O.R.; validation, S.J. and
M.L.M.; formal analysis, T.S.P.; investigation, S.J. and A.B.; resources, M.L.M.; data curation, R.P.;
writing—original draft preparation, A.-M.F.; writing—review and editing, O.R; project administration,
T.S.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Regina Maria Hospital (No. 2023334).

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical considerations.

Acknowledgments: We would like to thank Russu Lulu for drawing the sketch of the medial
genicular arteries.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Noailles, T.; Chalopin, A.; Boissard, M.; Lopes, R.; Bouguennec, N.; Hardy, A. Incidence and Risk Factors for Cyclops Syndrome

after Anterior Cruciate Ligament Reconstruction: A Systematic Literature Review. Orthop. Traumatol. Surg. Res. 2019, 105,
1401–1405. [CrossRef]

2. Trocan, I.; Ceausu, R.A.; Jitariu, A.A.; Haragus, H.; Damian, G.; Raica, M. Healing Potential of the Anterior Cruciate Ligament
Remnant Stump. In Vivo 2016, 30, 225–230. [PubMed]

3. Urbanek, O.; Moczulska-Heljak, M.; Wróbel, M.; Mioduszewski, A.; Kołbuk, D. Advanced Graft Development Approaches for
ACL Reconstruction or Regeneration. Biomedicines 2023, 11, 507. [CrossRef] [PubMed]

4. Grassi, C.A.; Fruheling, V.M.; Abdo, J.C.; de Moura, M.F.A.; Namba, M.; da Silva, J.L.V.; da Cunha, L.A.M.; de Oliveira Franco,
A.P.G.; Costa, I.Z.; Filho, E.S. Hamstring Tendons Insertion - An Anatomical Study. Rev. Bras. Ortop. 2013, 48, 417–420. [CrossRef]
[PubMed]

5. Predescu, V.; Georgeanu, V.; Prescura, C.; Stoian, V.; Cristea, S. Advanced Technologies for Enhancing Quality of Life; Institute of
Electrical and Electronics Engineers: Iasi, Romania, 2010; pp. 53–54.

6. Solman, C.G., Jr.; Pagnani, M.J. Hamstring Tendon Harvesting: Reviewing Anatomic Relationships and Avoiding Pitfalls. Orthop.
Clin. N. Am. 2003, 34, 1–8. [CrossRef]

7. Zaffagnini, S.; Golanò, P.; Farinas, O.; Depasquale, V.; Strocchi, R.; Cortecchia, S.; Marcacci, M.; Visani, A. Vascularity and
Neuroreceptors of the Pes Anserinus: An Anatomic Study. Clin. Anat. 2003, 16, 19–24. [CrossRef]

8. Olivos-Meza, A.; Suarez-Ahedo, C.; Jiménez-Aroche, C.A.; Pantanali, N.; Valdez-Chávez, M.V.; Pérez-Jiménez, F.J.; Olivos-Díaz,
B.; Olivos-Gárces, N.A.; González-Hernández, A.; Ibarra, C. Anatomic Considerations in Hamstring Tendon Harvesting for
Ligament Reconstruction. Arthrosc. Tech. 2020, 9, e191–e198. [CrossRef]

9. Kalthur, S.G.; Sumalatha, S.; Nair, N.; Pandey, A.K.; Sequeria, S.; Shobha, L. Anatomic Study of Infrapatellar Branch of Saphenous
Nerve in Male Cadavers. Ir. J. Med. Sci. 2015, 184, 201–206. [CrossRef]

10. Lun, K.K.; Dan, M.J.; Broe, D.; Walsh, W.R. Inferior Medial Geniculate Artery Branch as an Anatomical Landmark for Hamstring
Harvest During Anterior Cruciate Ligament Reconstruction. Arthrosc. Tech. 2021, 10, e177–e180. [CrossRef]

11. Babu, S.; Gupte, C.; Gajjar, S.; Morris, H. The ‘Sentinel’ Vessel: An Anatomical Landmark to Identify the Pes Anserinus During
Hamstrings Harvest for ACL Reconstruction. Eur. J. Orthop. Surg. Traumatol. 2019, 29, 1115–1118. [CrossRef]

12. de Lima Lopes, C.; Arantes, G.; de Oliveira, R.V.; Pinto, D.M.; Gonçalves, M.C.; Gonçalves, R.C. Anatomical Reference Point for
Harvesting a Flexor Graft During Arthroscopic Reconstruction of the Anterior Cruciate Ligament. Rev. Bras. Ortop. 2015, 50,
164–167. [CrossRef] [PubMed]

13. Candal-Couto, J.J.; Deehan, D.J. The Accessory Bands of Gracilis and Semitendinosus: An Anatomical Study. Knee 2003, 10,
325–328. [CrossRef] [PubMed]

https://doi.org/10.1016/j.otsr.2019.07.007
https://www.ncbi.nlm.nih.gov/pubmed/27107079
https://doi.org/10.3390/biomedicines11020507
https://www.ncbi.nlm.nih.gov/pubmed/36831043
https://doi.org/10.1016/j.rbo.2012.07.011
https://www.ncbi.nlm.nih.gov/pubmed/31304145
https://doi.org/10.1016/S0030-5898(02)00025-1
https://doi.org/10.1002/ca.10073
https://doi.org/10.1016/j.eats.2019.09.021
https://doi.org/10.1007/s11845-014-1087-2
https://doi.org/10.1016/j.eats.2020.09.022
https://doi.org/10.1007/s00590-019-02408-4
https://doi.org/10.1016/j.rboe.2015.02.010
https://www.ncbi.nlm.nih.gov/pubmed/26229911
https://doi.org/10.1016/S0968-0160(02)00154-0
https://www.ncbi.nlm.nih.gov/pubmed/14629934


J. Clin. Med. 2023, 12, 5426 10 of 10

14. Cidambi, K.R.; Pennock, A.T.; Dwek, J.R.; Edmonds, E.W. Avoiding Anomalous Tendon Harvest at the Pes Anserinus Insertion. J.
Knee Surg. 2016, 29, 80–83. [CrossRef] [PubMed]

15. Mouarbes, D.; Menetrey, J.; Marot, V.; Courtot, L.; Berard, E.; Cavaignac, E. Anterior Cruciate Ligament Reconstruction: A
Systematic Review and Meta-analysis of Outcomes for Quadriceps Tendon Autograft Versus Bone-Patellar Tendon-Bone and
Hamstring-Tendon Autografts. Am. J. Sports Med. 2019, 47, 3531–3540. [CrossRef] [PubMed]

16. Colombet, P.; Graveleau, N. Minimally Invasive Anterior Semitendinosus Harvest: A Technique to Decrease Saphenous Nerve
Injury. Arthrosc. Tech. 2016, 5, e139–e142. [CrossRef] [PubMed]

17. Curtis, B.R.; Huang, B.K.; Pathria, M.N.; Resnick, D.L.; Smitaman, E. Pes Anserinus: Anatomy and Pathology of Native and
Harvested Tendons. AJR Am. J. Roentgenol. 2019, 213, 1107–1116. [CrossRef]

18. Middleton, K.K.; Hamilton, T.; Irrgang, J.J.; Karlsson, J.; Harner, C.D.; Fu, F.H. Anatomic Anterior Cruciate Ligament (ACL)
Reconstruction: A Global Perspective. Part 1. Knee Surg. Sports Traumatol. Arthrosc. 2014, 22, 1467–1482. [CrossRef] [PubMed]

19. Paraskevas, G.K.; Raikos, A.; Ioannidis, O. Supernumerary Semitendinosus Muscle: A Rare Case Presentation and Its Clinical
Significance. Clin. Anat. 2010, 23, 909–910. [CrossRef]

20. Yasin, M.N.; Charalambous, C.P.; Mills, S.P.; Phaltankar, P.M. Accessory Bands of the Hamstring Tendons: A Clinical Anatomical
Study. Clin. Anat. 2010, 23, 862–865. [CrossRef]

21. Ahearn, N.; Howells, N.R.; Williams, J.L. Is There a Gender Difference in Fat Distribution around the Hamstring Tendon Insertion?
A Prospective MRI Evaluation of 40 Cases. Adv. Orthop. Surg. 2014, 2014, 606527. [CrossRef]

22. Shahid, S.; Saghir, N.; Cawley, O.; Saujani, S. A Cadaveric Study of the Branching Pattern and Diameter of the Genicular Arteries:
A Focus on the Middle Genicular Artery. J. Knee Surg. 2015, 28, 417–424. [CrossRef] [PubMed]

23. Stanev, D.; Moustakas, K.; Gliatis, J.; Koutsojannis, C. ACL Reconstruction Decision Support. Personalized Simulation of the
Lachman Test and Custom Activities. Methods Inf. Med. 2016, 55, 98–105. [CrossRef] [PubMed]

24. Paterno, M.V.; Schmitt, L.C.; Thomas, S.; Duke, N.; Russo, R.; Quatman-Yates, C.C. Patient and Parent Perceptions of Rehabili-
tation Factors That Influence Outcomes After Anterior Cruciate Ligament Reconstruction and Clearance to Return to Sport in
Adolescents and Young Adults. J. Orthop. Sports Phys. Ther. 2019, 49, 576–583. [CrossRef]

25. Marmura, H.; Getgood, A.M.J.; Spindler, K.P.; Kattan, M.W.; Briskin, I.; Bryant, D.M. Validation of a Risk Calculator to Personalize
Graft Choice and Reduce Rupture Rates for Anterior Cruciate Ligament Reconstruction. Am. J. Sports Med. 2021, 49, 1777–1785.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1055/s-0034-1398372
https://www.ncbi.nlm.nih.gov/pubmed/25556897
https://doi.org/10.1177/0363546518825340
https://www.ncbi.nlm.nih.gov/pubmed/30790526
https://doi.org/10.1016/j.eats.2015.10.011
https://www.ncbi.nlm.nih.gov/pubmed/27274445
https://doi.org/10.2214/AJR.19.21315
https://doi.org/10.1007/s00167-014-2846-3
https://www.ncbi.nlm.nih.gov/pubmed/24497054
https://doi.org/10.1002/ca.21029
https://doi.org/10.1002/ca.21020
https://doi.org/10.1155/2014/606527
https://doi.org/10.1055/s-0035-1549021
https://www.ncbi.nlm.nih.gov/pubmed/25892007
https://doi.org/10.3414/ME14-02-0022
https://www.ncbi.nlm.nih.gov/pubmed/26666353
https://doi.org/10.2519/jospt.2019.8608
https://doi.org/10.1177/03635465211010798
https://www.ncbi.nlm.nih.gov/pubmed/33945339

	Introduction 
	Materials and Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Surgical Procedure 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

