International Journal of Orthopaedics Sciences 2023; 9(3): 256-262

International Journal of

Sciences

E-ISSN: 2395-1958

P-ISSN: 2706-6630

1JOS 2023; 9(3): 256-262

© 2023 1JOS
https://www.orthopaper.com
Received: 13-05-2023
Accepted: 12-06-2023

Dr. Akshay J Kumar
Department of Orthopaedics
Saveetha Medical College and
Hospital, Thandalam, Chennai
Tamilnadu, India

Dr. Abin Mahmood Nizar
Department of Orthopaedics
Saveetha Medical College and
Hospital, Thandalam, Chennai
Tamilnadu, India

Dr. R Aswin Sundar
Department of Orthopaedics
Saveetha Medical College and
Hospital, Thandalam, Chennai,
Tamil Nadu, India

Dr. Prabhakaran AK
Department of Orthopaedics
Saveetha Medical College and
Hospital, Thandalam, Chennai,
Tamilnadu, India

Dr. Yeshwanth Subash

D.N.B (ORTHO), M.N.A.M..S
Department of Orthopaedics
Saveetha Medical College and
Hospital, Chetpet, Chennai,
Tamilnadu, India

Corresponding Author:

Dr. Yeshwanth Subash

D.N.B (ORTHO), M.N.A.M.S
Department of Orthopaedics
Saveetha Medical College and
Hospital, Chetpet, Chennai,
Tamilnadu, India

A study on bone marrow derived stem cells and its
application on ACL graft regeneration in partial ACL
tears

Dr. Akshay J Kumar, Dr. Abin Mahmood Nizar, Dr. R Aswin
Sundar, Dr. Prabhakaran AK and Dr. Yeshwanth Subash

DOI: https://doi.org/10.22271/0rtho.2023.v9.i3d.3433

Abstract

Background: Partial tears of the anterior cruciate ligament (ACL) are frequent, and there is still
considerable controversy surrounding their diagnosis, natural history and treatment.

Aim: To examine patient-reported outcomes, physical examination and magnetic resonance imaging
(MRI) findings of partial ACL tears treated with an intraarticular injection of BMAC and to evaluate both
subjective and objective clinical results as to compare the outcomes Pre Procedure, at 3 weeks and 3
months following the procedure, as well as functional recovery time.

Methods: From April to July 2023, consecutive patients from a single institution with partial ACL tears
treated nonoperatively were prospectively evaluated. Partial tears were defined as a positive Lachman
test with clear endpoint, a negative pivot-shift and MRI were taken and were classified and graded on the
basis of VAN MEER Radiological Classification. Patients were treated with one intraarticular injection
of BMAC and specific physical therapy protocol. Prospective analyzed data included physical
examination and Lysholm and International Knee Documentation Committee scores were taken Pre
Procedure, at 3 weeks and 3 months. Baseline MRI findings and at 3 months follow-up were reviewed.
Failure was defined as those patients with clinical instability at follow-up that required ACL
reconstruction at 3 months.

Results: A total of 30 patients where included, all 30 treated with BMAC injection with a mean follow-
up of 3 months. Their Mean Age was 40. 20 (60%) of them were men and 40 % of them were females,
Overall failure rate was (n = 3). One patient (5.0%) was unable to RTS due to subjective instability. The
other 95.0% in each group were able to return to their previous sports level. Regarding objective stability,
at 6 month follow-up in group 1, 19 presented a decrease in the side-to-side difference, 10 remained with
the same difference, and 1 had 2 mm more, over all, mean RTS time was 3 months. Significant
differences were observed regarding subjective outcomes, return to sport Following Procedure. MRI
findings revealed an improvement in the ACL signal in half of the patients. However, we did not find a
significant relationship between MRI findings and clinical outcomes.

Conclusion: Overall, 95.0% of patients returned to sports at a mean follow-up of 3 mo. Mean time to
return to sports was 3 months. The addition of BMAC shows promise in the treatment of grade 1, 2, and
possibly grade 3 ACL tears without retraction. Further investigation using a controlled study design is
warranted.

Keywords: ACL Tears, BMAC injection, minimally invasive surgical procedure, Partial ACL Tear.

Introduction

Partial tears of the anterior cruciate ligament (ACL) account for approximately 10% to 30% of
all ACL tears 2. ACL tears can be complete, leading to long-term instability in a substantial
percentage of patients, or partial, with an uncertain natural history -1, The diagnosis, natural
history, and treatment of this type of injury remain highly debated [-13, Conservative
management may yield favorable outcomes for partial ACL tears if sports activity is limited,
while surgical indications are present for both partial and complete ruptures with continued
instability or ligament injury during pivoting sports 4161 Diverse criteria are used to define
partial ACL tears, including MRI assessments of the extent of torn fibers, affected bundle
(anteromedial or posterolateral), and tear location (proximal, middle third, or distal). Physical
examination plays a crucial role in identifying these injuries 1,
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Arthroscopy is considered the gold standard for diagnosing
the macroscopic integrity of the intact bundle, confirmed by
finding intact remnant ACL fibers from femur to tibia
insertion points [82% Although ACL reconstruction can have
good success rates, it may not fully restore physiological
movement due to the graft's biomechanically disadvantageous
location, leading to increased tibial rotation and impaired
neuromuscular control 241, Unlike complete ACL tears, which
have limited intrinsic healing capacity, the potential for
healing in partial ACL tears has been a topic of discussion.
Alternative treatments are being explored to preserve
ligament integrity and knee joint biomechanics, Favorable
outcomes have been reported with nonoperative or surgical
treatments (such as repair or augmentation) and various
biological approaches. However, conservative treatment has
been associated with progression to complete ACL deficiency
and symptomatic knee laxity in some cases (>4, These
therapies aim to promote healing, preserve proprioceptive
nerve fibers, collagenous architecture, and normal knee joint
biomechanics ! In recent years, Bone Marrow Aspiration
Cytology (BMAC) injections have gained significant attention
as a biologic treatment for sports-related injuries. BMAC
contains growth factors and bioactive proteins that can
enhance tis sue healing 14, BMAC is used in ligament
injuries, including the ACL, has been on the rise, mostly
focusing on biologic augmentation for graft healing after ACL
reconstruction. However, only a limited number of studies
have specifically investigated using BMAC AND PRP to
promote healing of native injured ACL [ Several
experimental techniques using extracellular matrix, PRP, or
bone marrow-derived MSCs have shown promise in
promoting healing and improved function in animal models
(271 In situ repair of ACL tears with MSCs may have benefits
in maintaining normal biomechanics, aiding cartilage repair,
and preserving proprioception %81, The purpose of this study is
to evaluate patient-reported outcomes, physical examination
findings, and MRI results in partial ACL tears treated with
intraarticular BMAC injection and evaluate their results pre
procedure, at 30 mins post procedure, 3 weeks post procedure
and 3 months post procedure. It focuses on treating MRI-
documented ACL tears in adults using bone marrow
concentrate rich in MSCs. The efficacy of this regenerative
therapy is assessed through pain and functional outcome
measures, along with MRI evidence of structural changes in
the ACL 1. Aims to explore the safety and preliminary
efficacy of this treatment for different ACL injuries,
potentially benefiting patients who may not be suitable for
surgery or wish to avoid it %, By understanding the outcomes
of this treatment, it lays the groundwork for future rigorous
investigations in the field.

Methodology and Research Design

A prospective study was be conducted among 30 patients
presenting to an interventional pain practice with complaints
of knee instability with or without pain and with an ACL tear
previously documented with MRI, and laxity with Lachman
testing on exam were enrolled in a case series of the first set
of ACL treatments. Patients were not paid for their
participation. Patients were included in the analysis of
prospectively collected data if they had a grade 1, 2, or 3 ACL
tear without greater than 1 cm retraction. We defined
retraction as any visible area of increased MRI signal
intensity within the substance of the ligament that was full
thickness and resulted in a discontinuity of the course of the
structure. To my knowledge, this is the first study of ACL
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tears to focus on the extent of the separation of torn ACL
fragments, thus this delineation has not been validated
previously. Patients who presented during the period between
August 2022 and March 2023 were studied. Patients who
were treated during acute (1 month postinjury), subacute
injury (1-6 months postinjury), or in a chronic state of injury
(6 months postinjury) 18 were eligible for inclusion.
Exclusion criteria were grade 3 ACL tear with 1 cm
retraction, active neoplasm within the past 5 years, a history
or presence of anemia, or age younger than 16 years. Patients
provided consent verbally and in writing. Clinical outcomes
for pain and function were recorded at baseline and
prospectively at 1 month, 3 months, 6 months, and annually
following treatment. Additionally, percentage improvement
on a Likert scale was recorded at 1 month, 3 months, 6
months, and annually following treatment. Institutional
review board approval was provided by the college. ACL
injuries were graded as follows:

Grade 1 sprain: The ligament is partial torn, with less than
half of the ligament substance disrupted.

Grade 2 sprain: The ligament is partially torn, with more
than half of the ligament substance disrupted.

Grade 3 sprain: The ligament is completely torn.

The Treatment protocol consisted of Preinjection which was
the first step consisting of a hypertonic dextrose solution into
the ACL 2-5 days prior to injection of the BMC. The purpose
of this preinjection procedure was to introduce a chemical
irritant to the ACL in order to prompt a brief inflammatory
response. A 25-gauge 3.0 inch needle was inserted through
the skin overlying the patellar tendon and directed through the
inferior patellar tendon to a location just anterior to the tibial
spine, on lateral fluoroscopy. Midline needle placement was
confirmed on the anterior posterior fluoroscopic view.
lodixanol radiographic contrast was injected to confirm flow
in the ACL sheath traveling between the radiographic origin
and insertion landmarks, in both views. This was followed by
injection of 3-5 mL of 12.5% dextrose and 0.1% lidocaine in
normal saline. Harvest and concentration of bone marrow
aspirate the next step of the treatment was to harvest bone
marrow and isolate the portion containing MSCs from each
patient, in preparation for reinjection. Prior to the procedure,
the patients were restricted from taking corticosteroids and
nonsteroidal anti-inflammatory drugs (NSAIDs) for at least 2
weeks, as these medications can impair soft tissue healing.

Results

In our study, A total of 30 patients where included. In total,
all 30 were treated with Bone Marrow Derived Stem cell
injection with a mean follow-up of 3 months had their
symptoms improve gradually over 3 months as measured by
IKDC Scoring and van meer Radiological Scoring and Return
to Activities at 3 months. The mean age was 41, 18 of them
were males and 12 of them were females,15 of them were
involving the right knee and the rest 15 involving the left
knee. Three were degenerative type of tears and remaining 27
were traumatic, 18 of them were grade 2 acl injury whereas
12 of them were grade 1, total number of proximal tears
involved were 16 and total number of midsubstance tears
involved were 15 [Table 1]. The patients were monitored for a
total of three months during which time their symptoms
gradually got better. With the exception of one patients,
whose IKDC Score was 44 (before injection), 46 (3 weeks
post injection) and 49 at 3 months (post injection). Mean
IKDC Scoring pre procedure was 45.Mean IKDC Scoring 3
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weeks post procedure was 56.Mean IKDC 3 months post
procedure was 72, [Table 2], [Figure 1 and Figure 2] van
meer Radiological Scoring had improved for everyone at the
end of 3 months except for one case in which it did not
change pre injection and post injection, Among all the others
it had improved at three months by a score of 1 or more than
1.Mean Van Meer Score Pre procedure was 6.5 and 3 months
post procedure was 4.6 [Table 3], [Figure 3]. In Majority of
the patients (29 of them) had returned to activities after 3
months except for one. It demonstrated that the progressive
improvement observed persisted throughout the follow-up
period of 3 months. There were no complications seen in any
of the patients and patients were able to do all their daily
activities without the use of pain medication.

Discussion

Partial tears of the anterior cruciate ligament (ACL) comprise
approximately 10% to 30% of all ACL tears B34, The
accurate diagnosis of such tears remains challenging, leading
to some cases going undetected. Relying solely on physical
examination is not sufficient to distinguish between partial
ACL tears and intact ACLs F71. Similarly, MRI, while helpful,
exhibits limited accuracy (ranging from 25.0% to 50.0%) in
diagnosing partial ACL tears due to overlapping imaging
findings with complete tears and other factors [38],

As a result, arthroscopy is often used by surgeons to assess
the extent of the injury. A recent study investigated the
correlation between preoperative clinical assessment and
arthroscopic examination in patients with ACL tears [9,
Evaluation under anesthesia demonstrated high sensitivity
(100%) in detecting partial tears but lacked specificity
(65.5%), leading to a significant number of false-positive
diagnoses. Conversely, MRI showed relatively high
sensitivity (90.9%) and specificity (85.7%), with an overall
accuracy of 86.3%, surpassing that of evaluation under
anesthesia (69.5%) 1401,

Regarding nonsurgical management for partial ACL tears, a
systematic review by Pujol et al. 8 analyzed 12 articles
confirming the diagnosis through arthroscopy without ACL
surgery. Patients were followed for an average of 5.2 years
(ranging from 1.0 to 15.0 years), with favorable short- and
mid-term functional outcomes observed, particularly when
sports activities were restricted. The mean rate of revision
ACL surgeries was 8.1% (ranging from 0% to 21.0%), and
the return-to-sport (RTS) rate was 52.0% (ranging from
21.0% to 60.0%). In contrast, Noyes et al. [l reported a
progression to complete ACL rupture in 38.0% of cases in
their prospective evaluation of 32 patients with partial ACL
tears. Lehnert et al. %8 found that 56.0% of 39 partial ACL
tear patients had progressed to ACL deficiency five years
after the initial injury. Fritschy et al. ! reported a 42.0% rate
in 43 patients, while Fruensgaard et al. ] reported 51.0% in
a series of 41 patients. Our overall failure rate was 10.0%,
with 90.0% of patients returning to the same level of sports
participation, though it is essential to consider historical
context and indications for ACL surgery used three decades
ago. Notably, some patients displayed significant side-to-side
differences in KT-1000 arthrometric evaluation, suggesting
potential lack of healing of ACL fibers, especially when the
anteromedial bundle was affected, despite remaining active in
their sports participation.

In current research on ACL repair and healing, the use of
biologic agents such as growth factors, platelet-rich plasma
(PRP), stem cells, and biological scaffolds has gained
attention 3. Most studies (21 out of 23) have focused on
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applying biologic agents during ACL reconstructive surgery,
while only two case series have explored their potential in
treating partial ACL tears > 431, Centeno et al. % conducted
a prospective case series involving 10 patients who underwent
percutaneous injection of autologous bone marrow nucleated
cells, guided by fluoroscopy. At a mean follow-up of 3
months, seven out of ten patients showed improvements in
MRI measures of ACL integrity. However, this study lacked a
control group and involved multiple components in the
treatment protocol. Conversely, Seijas et al. % presented a
retrospective case series of 19 football players with partial
ACL tears treated with arthroscopic intraligamentary
application of PRP (leukocyte-poor). All cases involved a
complete rupture of the anteromedial bundle with an intact
posterolateral bundle, and the RTS rate was 84%. In our study
the RTS Rate was 90%. We admit that this study has several
limitations, Three Months following the procedure we are
reporting the interim results, our sample size was small and
the time frame of this study was short. Our study lacks a
control group. However, the addition of BMAC shows
promise in the treatment of grade 1, 2, ACL tears. Further
investigation using a controlled study design is warranted.

IKDC Scoring

70

IKDC SCORE AT 3 WEEKS AFTE...
IKDC SCORE BEFORE INJECTION IKDC SCORE AT 3 MONTHS POS...
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Fig 1: IKDC Scoring Comparison
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Fig 2: IKDC Scoring Comparison
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MRI Van Meer Classification
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Fig 3: MRI Van Meer Scoring

Table 1: Demographic Data

N-30

Age in Year Median 41 Years
Males 18
Females 12
Degenerative Tears 3
Traumatic Tears 27

MRI tear location

Proximal, n (%) 16
Mid-substance, n (%) 15
Grade 1 injury 12
Grade 2 injury 18

Table 2: Results at final follow-up

Baseline | N-30
Lysholm score, (IQR)
IKDC score, mean (IQR) 45
IKDC Score 3 weeks, Mean 56
At final follow-up 7

Lysholm score, median (IQR)
IKDC score, median (IQR)
TAL, mean £ SD
RTS rate, n (%)

Time to RTS in mo, mean + SD
Failure rate, n (%)

Table 3: Magnetic resonance image Van Meer classification at baseline and at 6 m

MRI Van Meer classification N-30
Baseline MRI, mean PRE Procedure 6.5
MRI at 6 months follow-up, mean 4.6
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Table 4: Patient demographics and data
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IKDC | IKDC [IKDC score Return | Van meer | Yanmeer
Sr . . ACL Treatment] Score | Score at 3 |at 3 months Return to to |classification radlgl'ogm_al
‘IAgelSexiSide[Etiology] Tear | MRI Tear - activities L classification
No - Given Before |weeks after post activity | score pre
Grading A R L at 3 weeks L scoreat3m
Injection | injection | injection at3m | injection N
post injection
1|35|M| L |Trauma 2 Proximal BMAC 44 43 65 N 6 4
2|(24[M| R [Trauma] 2  |Midsubstance] BMAC 33 38 76 N 7 5
3|45|M| L |Trauma 1 Proximal BMAC 37 44 67 N 7 6
4 53| F| R [Trauma 1 Midsubstance, BMAC 45 49 62 N 6 5
5|49| F| R |Trauma 2 Midsubstance], BMAC 43 54 68 N 5 4
6 63| M| L | Degen 2 Proximal | BMAC 46 56 65 N 6 4
7|58 | M| R |Trauma 2 Proximal BMAC 42 45 48 7 7
8|34|M| L |Trauma 1 Proximal BMAC 39 56 67 N 7 2
9139|M| L |Trauma 1 Midsubstance], BMAC 45 57 78 N 6 4
10{28 | M| R |Trauma 2 Midsubstance, BMAC 54 68 79 N 7 3
11|/20| F | R [Trauma 1 Proximal BMAC 42 56 76 N 7 5
12|47 |M| L |Trauma 1 Midsubstance], BMAC 46 59 79 N 6 6
13|26 | F | R |Trauma 2 Midsubstance], BMAC 42 56 66 N 6 4
14|37 | F | L |Trauma 1 Proximal BMAC 53 67 78 N 7 5
15/42| F | L | Degen 2 Midsubstancel BMAC 48 54 77 N 6 5
16/35|M| R |Trauma 2 Proximal BMAC 53 65 72 N 7 5
17|48 | M| R |Trauma 1 Midsubstance], BMAC 38 54 80 N 6 4
18/40| M| R |Trauma 2 Midsubstance, BMAC 56 64 82 N 7 5
19(24|M| R |Trauma 2 Proximal BMAC 42 56 75 N 6 3
20|26 | F| L |Trauma 2 Midsubstance, BMAC 45 60 74 N 6 4
21/33[M]| L |[Trauma] 1  |Midsubstanc§ BMAC 41 45 67 N 5 3
22|29 | F| R |Trauma 2 Proximal BMAC 48 57 84 N 7 5
23[22|M| L [Trauma] 2 [Midsubstancef BMAC 47 58 59 N 8 8
24157 M| L | Degen 1 Proximal BMAC 44 46 53 N 7 7
25|36 | F | R |Trauma 1 Midsubstance, BMAC 46 57 75 N 7 5
26/30| F| L |Trauma 2 Proximal BMAC 52 70 76 N 8 4
27/37|M]| L [Trauma] 2  |Midsubstanc BMAC 54 64 86 N 6 5
28/25|M| R |[Trauma] 1 Proximal | BMAC 53 69 80 \ 5 4
29|27 |[M| R |Trauma 1 Proximal BMAC 58 65 75 N 6 4
30{29| F| L |Trauma 2 Midsubstance], BMAC 54 67 73 N 6 4
Conclusion Orthop J Sports Med 2017;5:2325967116681724. PMID:

Overall, 95.0% of patients returned to sports at a mean
follow-up of 3 mo. Mean time to return to sports was 3
months, the addition of BMAC shows promise in the
treatment of grade 1, 2, and possibly grade 3 ACL tears
without retraction. Further investigation using a controlled
study design is warranted.
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