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ISKSAA International Society for Knowledge for Surgeons
- ' on Arthroscopy and Arthroplasty

ISKSAA (International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty) is a society of orthopaedic
surgeons from around the world to share and disseminate knowledge, support research and improve patient care in
Arthroscopy and Arthroplasty. We are proud to announce that ISKSAA membership is approaching the 2200 mark (
India & Overseas ) with members from over 40 countries making it the fastest growing Orthopaedic Association in the
country & region in just 10 years of its inception . With over 475000 hits from over 170 countries on the website
www.isksaa.com & more and more interested people joining as members of ISKSAA, we do hope that ISKSAA will
stand out as a major body to provide opportunities to our younger colleagues in training, education and fellowships.

Our Goals..:uuu:is

= To provide health care education opportunities for increasing cognitive and psycho-motor skills in Arthroscopy
and Arthroplasty

= To provide CME programs for the ISKSAA members as well as other qualified professionals.

» To provide Clinical Fellowships in Arthroscopy and Arthroplasty

= To provide opportunities to organise and collaborate research projects

= To provide a versatile website for dissemination of knowledge

ISKSAA Life Membership

The membership is open to Orthopaedic Surgeons, Postgraduate Orthopaedic students and Allied medical personal
interested in Arthroscopy & Arthroplasty.

Benefits of ISKSAA Life membership include....

¢ Free Subscription of ISKSAA’s official , SCOPUS INDEXED , EMBASE INDEXED peer reviewed , online scientific
journal Journal of Arthroscopy and Joint Surgery ( JAJS ).

« Eligibility to apply for ISKSAA’s Prestigious Fellowship Programme. We have finalised affiliations with
ESSKA , ISAKOS , BOA , BASK , BOSTAA , BESS , Edge Hill University at Wrightington and FLINDERS MEDICAL
CENTRE , IMRI AUSTRALIA to provide more ISKSAA Fellowships in India , UK, USA, Australia and Europe .
We have offered over 500 Clinical Fellowships as of date including 54 in ISKSAA 2014 , 40 in ISKSAA
2015, 63 in ISKSAA 2016 , 55 in ISKSAA 2017 , 20 in ISKSAA 2018, 100 in ISKSAA 2019 & 130 in
ISKSAA 2022and over 50 ISKSAA Wrightington MCh Fellowships from 2014 to 2022 .

s« We have initiated ISKSAA JOD & ISKSAA WHA paid fellowship programs from 2017 for 2 months based
in Australia .

e The Last round of 130 ISKSAA fellowships interviews were held in ISKSAA ANNUAL MEET 2022 in
November 19-20™ 2022 for 2023 at New Delhi along with the ISKSAA Wrightington MCh
Fellowships .

e The next round of over 100 ISKSAA fellowship interviews will be held during ISKSAA 2023 later
this year at New Delhi along with the ISKSAA MCh wrightington fellowships .

o We had offered 60 1 week ISKSAA certified Fellowships from 11" — 15" June & 25-29™ June 2018 for
ISKSAA members registered for ISKSAA LEEDS 2018 on a first come first basis .

e Only as a life member , you can enjoy the benefit of reduced Congress charges in future ISKSAA
Conferences .

« Member's only section on the website which has access to the conference proceedings and live surgeries of
ISKSAA 2012 , 2013, 2014 & 2016 along with a host of other educational material .

¢ Important opportunity for interaction with world leaders in Arthroscopy & Arthroplasty .

e Opportunity to participate in ISKSAA courses and workshops

To enjoy all the benefits & privileges of an ISKSAA member, you are invited to apply for the Life
membership of ISKSAA by going to the membership registration section of the website and entering all
your details electronically. All details regarding membership application and payment options are
available on the website (www.isksaa.com)
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Review Article

Demystifying Partial Tears of the Anterior Cruciate Ligament:
A Review of Current Diagnostic and Management Strategies

Abhishek Chandra, Aakanksha Agarwal', Md. Quamar Azam
Department of Trauma Surgery, AlIMS, Rishikesh, Uttarakhand, India, 'Department of Radiodiagnosis, St. Paul’s Hospital, University of British Columbia, Vancouver, Canada

Partial tears of anterior cruciate ligament (ACL) are a diagnostic and management challenge. There is ongoing discussion and debate about
the ideal management of a partial tear with “ala carte” options available in the current literature. Findings can remain occult on imaging
studies, necessitating more efficient clinical examination and acumen to identify patients requiring surgical intervention. The authors
through this literature review provide an overview on partial tears of ACL including the background anatomy, pathology, clinical diagnosis,
imaging finding, and surgical techniques. The literature is critically probed and tabulated for effortless assessment. The objective is to help
the orthopedic surgeon decide the optimal course for a suspected partial ACL tear. The authors do not aim to provide a guideline but rather
present an inventory of available options and approaches for managing partial ACL tear. This review is a comprehensive amalgamation of

the heterogeneity in the present literature.

Keywords: Imaging, partial anterior cruciate ligament tear, surgical steps

INTRODUCTION

The anterior cruciate ligament (ACL) is one of the most crucial
knee ligaments and the one to be frequently torn. A complete
tear of the ACL necessitates surgical reconstruction; meanwhile,
the management of a partial tear of the ACL warrants
discussion. Diagnosing and thereby deciding the optimal course
of management for a partial ACL tear is challenging.

The ACL is essential for stability and proprioception. It consists
of two bundles — the anteromedial and anterolateral — named
according to their tibial insertion. The anteromedial
bundle (AMB) has its footprint more anterior and medial on
the tibial side as compared to the posterolateral bundle (PLB).™
This bundle is mainly isometric, while the PLB is anisometric.
When the knee is in extension, both bundles run in a parallel
manner, with the PLB being taut. Meanwhile, in flexion, the
AMB spirals around the posteromedial bundle and becomes
tauter compared to the posteromedial bundle. Each bundle has
its own specific function in various angles of knee flexion with
the AMB providing stability in the sagittal plane during knee
flexion and the PLB providing rotatory stability on extension.

Apartial ACL tear can be observed in 10%—-27% of isolated knee
injuries.® Most patients are unable to comprehend the true nature

Access this article online
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of their knee morbidity as partial tears lack typical instability,
presenting only with quadriceps atrophy on general examination
and failure to return to do sports activities. No clinical test is
sensitive enough to accurately diagnose a partial ACL tear. Various
clinical tests have been advised, but all lack good sensitivity to
fathom final diagnosis. The combination of more than one clinical
examination helps in the identification of the bundle involved.

The use of magnetic resonance imaging (MRI) is necessary
for diagnosis and helps in the detection of other associated
injuries. However, arthroscopic evaluation is a gold standard
for proper assessment of damaged fiber and which surgical
intervention should be pursued.

The ideal treatment of partial ACL tear is lacking in the
existing literature. Before the 2000s, conservative management
was preferred which resulted in varied outcomes. Presently,
biological healing components, partial bundle augmentation,
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or repair techniques have come in vogue, and the decision
is based on clinical instability and the duration of the injury.
Partial bundle reconstruction is preferred over single-bundle
conventional ACL reconstruction due to better restoration of
proprioception, less re-rupture rate, better graft healing, and
better stability to the knee. More recently, the repair technique
for acute proximal partial tears has been advocated with
favorable results with short-term follow-up.**!

Discussion

Anatomy

ACL is the main structure responsible for resisting anterior
tibial translation and rotatory load. The ACL consists of
2 bundles, AMB and PLB.®I The PLB is tight during extension,
while the AMB is lax. The reverse occurs during flexion.
During extension of the knee, both bundles run parallel to
each other, while during flexion, the AMB spirals around the
rest of the bundle in an arcuate manner. This is due to the
different orientations of the bony attachment of ACL.7 ACL
attachment toward the femoral side is in a vertical fashion,
while the tibial attachment is in an anteroposterior direction.
This leads to the typical orientation of both bundles during
knee movement [Figure 1]. The terminology of the AMB and
PLB has been described according to the tibial attachment.

Blood supply

The main blood supply of the ACL is from the middle
geniculate artery (MGA), which originates at right angle
from the anterior aspect of the popliteal artery. It then pierces
the posterior capsule and runs almost vertically downward.
Apart from this nutrient artery, ACL also receives a posterior
descending branch of MGA which supplies the posterior part
of the upper tibia.l"®

The blood supply of the ACL is not homogeneous — its
proximal part is gifted with a rich blood supply as compared
to the distal part. The distal part of the ACL is supplied by
infrapatellar branches of inferior genicular arteries. The
blood supply is scanty in a zone 5-10 mm proximal to the
tibial attachment™® [Figure 2]. This unique pattern of blood
supply is exploited while repairing proximal ACL avulsion
injuries.

Figure 1: Graphical representation of the normal orientation of the blue
AM and green PLB of ACL relative to each other with knee extension (left)
and flexion (right). AM: Anteromedial, PLB: Posterolateral bundle, ACL:
Anterior cruciate ligament

Nerve supply

The posterior articular branch of the tibial nerve is the main
nerve supply of ACL.* Various mechanoreceptors such as
Ruffini, Vater-Pacini, and Golgi tension nerve-ending receptors
are important for proprioception in the knee joint and are
essential for knee stability.[*-!2

Function

ACL is primarily responsible for resisting anterior tibial
translation with respect to the femur, providing 87% restraining
force at 30° of knee flexion and 85% at 90° of flexion,** and
acts as a major knee stabilizer. It is also a major secondary
restraint to the internal rotation of the tibia during full extension
of the knee. Some studies describe that both the AMB and
anterolateral bundle have an independent function in knee
stability and the integrity of both is essential for the proper
function of the knee.['+1¢l

ARTHROSCOPIC EXAMINATION

During an arthroscopic examination, each bundle should be
properly identified to rule out partial and hidden tears. Since
most knee surgeries are performed with 90° of knee flexion, it
is difficult to identify the PLB, bearing in mind that the majority
of its fibers are usually covered by the AMB which spirals
around it. Identification of this bundle requires a figure-of-4
position (Cabot’s position).["!

INCIDENCE

Partial ACL tear accounts for 10%-26% of isolated ACL
injuries.B! It most commonly occurs in young patients with a
male predominance (70% of cases).l*®!

Clinical diagnosis

Diagnosing a partial tear based on clinical examination is
always a dilemma for clinicians. No single test is specific and
sensitive enough to clinch the diagnosis with 100% accuracy.

Figure 2: Graphical representation of the blood supply to the ACL fibers
depicting richer supply in the proximal (femoral) part as compared to the
distal (tibial). ACL: Anterior cruciate ligament

Journal of Arthroscopy and Joint Surgery | Volume 10 | Issue 1 | January-March 2023 I




Chandra, et al.: Concise review of partial ACL tear diagnostic and management

The classical Lachman test presents with moderate laxity as
compared to the normal contralateral knee and often presents
with a firm endpoint.*®! A pivot shift test is rarely present with
grade 3 in case of an isolated partial ACL tear. Sonnery-Cottet
et al. in their study mentioned that some patients presented
with subtle pivot glide in spite of an overt pivot shift test in a
patient with a partial ACL tear.?

The most commonly performed test, the Lachman test, has a
sensitivity of 42% while the anterior drawer test is only 19%
sensitive.? Although Lelli et al. described the “lever test”
claiming 100% sensitivity for partial ACL tears, some others
refute this finding with an overall accuracy of 77%.2+?4 Siebold
and Fu in their study concluded that isolated posterolateral tears
result in positive pivot shift, while the positive anterior drawer
and Lachman test have been more suggestive of AMB injury.®!

In a recent article, the authors of a retrospective case—control
study for clinical examination of partial ACL tears gave a
comprehensive idea regarding its diagnosis based on clinical
examination.?! They concluded that collectively using both
Lachman and pivot shift tests can distinguish between partial
and complete tears. It also helps in relegating between partial
PL tears, and complete tear with pivot shift test is more
important than Lachman test for diagnosis. On the other hand,
the anterior drawer test was more likely to be positive in the
case of partial AM tears [Table 1].

Imaging of partial anterior cruciate ligament tear
Diagnosing a complete ACL tear is straightforward particularly
when accompanied by contemporaneous clinical findings.
A partial ACL tear, however, is challenging to identify
confidently on imaging. Certain direct signs which suggest a
partial tear on MRI include focal angulation of the ACL fibers
and intrasubstance high-signal intensity which needs to be
differentiated from a sprain or ACL cyst.[? Subtle angulation
and only marginal reduction in the transverse diameter of the
ACL fibers in the axial plane may point toward a “stable”
or “low-grade” partial tear.?! ACL tears with a disrupted
single bundle, associated ligamentous injuries, and bone
bruises represent “high-grade” partial tears and are at risk
of progression to complete tears. Chronic partial tears may
demonstrate normal signal with only attenuation in caliber with
anterior tibial translation serving as an indirect sign of ACL
laxity. The nonweight-bearing nature of the MRI study further
limits the accurate assessment of anterior tibial translation.

For an isolated tear of PLB, two signs were described by
Volokhina et al.: “gap sign” and “footprint sign.”?”! The gap
sign is a tear of PLB from its femoral attachment, which was
described as the increased signal intensity between the lateral
femoral condyle and proximal aspect of ACL. The footprint
sign was described for the avulsion of this fiber from PLB from
the tibial site, which can be appreciated in the coronal section.

Routine MRI sequences which are orthogonal to the femoral
and tibial axis are sufficient to diagnose complete ACL tears and
high-grade injuries. Sagittal and coronal imaging orthogonal
to the ACL axis, that is oblique sagittal and oblique coronal
imaging, is considered to be beneficial in identifying subtle and
partial ACL tears for optimal patient management.?®% Studies
support using either the oblique coronal or oblique sagittal
imaging for better accuracy in routine MRI for identifying
partial ACL tearst® [Figure 3].

Management

Deciding the ideal management for a partial ACL tear is
a daunting task. This is because the management options
are like an “ala carte” menu for the patient, with a unique
treatment strategy for every case. Those patients who
have returned to their normal sports activities without any
symptomatic instability can be managed conservatively by
proper rehabilitation and proprioception training. Surgical
intervention should be considered for those patients who
continue to have symptomatic instability and those who have
failed to return to normal sports activity. Fayard et al. in their
study concluded that patients with the age <20 years and
those who have active participation in pivoting sports have an
increased chance for progression to complete tears.*? In the
authors’ experience, PLB tears in patients engaged in pivoting
sports are more symptomatic.

Conservative management

Majority of the studies in the literature which support or
advocate conservative management date before the 2000s.
The collective proposition was to either immobilize the
kneel*2 or to perform a range of motion exercises with
intensive rehabilitation protocols.-2% These studies
had variable results of the return to sports and persistent
instability in the participants with no single method being
better than the other to support one of the management
protocols [Table 2].

Table 1: Clinical examination of anterior cruciate ligament tear

Type of tear Clinical examination

Isolated AM Low-grade Lachman with soft endpoint + low grade both anterior drawer and pivot test or high-grade anterior

bundle tear drawer + low-grade pivot + low/high-grade Lachman with firm endpoint

Isolated PL Low-grade Lachman test with firm endpoint + high-grade pivot-shift or high-grade Lachman with firm endpoint

bundle tear + high-grade pivot-shift or low-grade pivot and anterior drawer test + low/high-grade Lachman with a firm
endpoint or low-grade anterior drawer + low-grade pivot shift + high/low-grade Lachman test with firm endpoint

Complete High-grade Lachman with soft endpoint + high/low-grade anterior drawer or pivot shift test or low-grade

ACL tear Lachman with soft endpoint + high-grade pivot + low/high-grade anterior drawer test

AM: Anteromedial, PL: Posterolateral, ACL: Anterior cruciate ligament
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Biological agents in management of partial anterior
cruciate ligament tears

The healing property of ACL tear is low, as synovial fluid
limits by hampering the required environment for its
self-healing.[*2 Apart from this, the peculiar blood supply of
ACL fiber has a good healing rate only for the proximal part
of fiber."3

Various biologics have been mentioned in literature for partial
ACL tears with variable results. Growth factor and PRP are
most commonly used for enhancing the healing response
for a partial ACL tear. In a retrospective study by Seijas et
al.,®% patients were evaluated following plasma-rich growth
factor injection for a partial ACL tear, 15 patients returned

to sports at an average of 16.2 weeks, while three patients
did so in 12.33 weeks. "1 In another study by Matthias et al.,
trephination of ACL remnant with intraligament application
of autologous conditioned plasma yielded promising results
at mid-term follow-up with return to sports achieved at 4.8
months. However, the author reported failure in 3 patients
out of 24,143

In another recent comparative study, 21 out of 40 patients
were treated with PRP injection with a mean follow-up of
25 months. The overall failure rate was 32.0% (n = 13) in
this study. No significant differences were observed between
groups regarding subjective outcomes, return to sport, and
failure rate.®®!

Figure 3: Image showing partial tear of the posterolateral bundle (red arrow) - graphical representation, sagittal oblique fluid-sensitive MRI sequence,
coronal oblique fat-saturated fluid-sensitive MRI, and intraoperative arthroscopic image. MRI: Magnetic resonance imaging

Table 2: Studies on conservative management of partial anterior cruciate ligament tear

Author Journal Year Number The average Months Mode of conservative management Return  Persistent
of age of of follow to sports instability
patients patients up (%) (%)
McDaniel®!  CORR 1976 9 20 15 (3-37)  Debridement of the large fragment of tear, f/b 89 11
knee immobilization in extension for 2-4 weeks
Odensten AISM 1985 21 28.3 7022 Associated ligament injuries were repaired Not 14
etal.B4 anatomically in 12 patients with knees reported
immobilized in a long knee cast for 6 weeks.
The isolated partial tear was managed by an
intensive rehabilitation program
Kannusand  JBJS 1987 41 32 96+28 By cylindrical cast application for 6+2 weeks for 66 78
Jarvinent® grade 3 and 3.7+2 weeks for grade 2 injuries
Noyes JBJS 1989 32 21.4 67 4-4-4-4° program, first 4 weeks - partial weight- 21 38
et al.k® (brit) bearing with crutches. Second 4 weeks - increase
weight-bearing with weaning of crutches. 3%,
4" week - gradual straightening exercise. Last
4 weeks - gradual returns to sports activities
Buckley AJSM 1989 25 25 49 Partial meniscectomy for meniscal tear followed 44 52
et al. by early ROM and hamstring strengthening
Barrack JBJS 1990 35 25 41 Protected weight-bearing, early ROM, and 40 83
et al.B hamstring strengthening
Sommerlath  CORR 1992 19 29 144 Associated ligamentous and meniscus injury was 32 9
et al.l*! treated leaving behind partial ACL tear as such
Bak etal.®®!  KSSTA 1997 56 17-48 63 11 patients cast immobilization, 26 patients no 30 23
bandaging, rest hinged cast for 6 weeks
Fruensgaard  JBJS 1989 41 29 17 Plaster immobilizer for 6 weeks followed by 49 51
and rehabilitation
Johannsent*!

CORR: Clinical Orthopaedics and Related Research, JBJS: Journal of Bone and Joint Surgery, AJSM: American Journal of Sports Medicine,
KSSTA: Knee Surgery, Sports Traumatology, Arthroscopy, ACL: Anterior cruciate ligament, ROM: Range of motion
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SuraicAaL MEeTHoDS

Partial bundle reconstruction
It is always useful to preserve the remaining intact fiber
during surgery, as it offers many advantages over conventional
single-bundle ACL reconstruction such as:
a. Vascularity of reconstructed graft is enhanced®”!
b. Better proprioceptive function of the reconstructed
graftl®
c. The remaining fibers provide additional mechanical
stability to the graft*
d. The intact bundle helps in the proper placement
of the bone tunnels and serves as a guide for
orientation.!?!

However, maintaining the integrity of the intact bundle is a
challenging task for surgeons. Reconstruction of the selective
single bundle may hamper visualization of footprint and can
lead to nonanatomical tunnel placement® [Figure 4].

In a study by Sabat et al., which included 38 patients with
single-bundle augmentation by hamstring graft followed up for
36 months, there was a significant improvement of objective
laxity, International Knee Documentation Committee (IKDC),
and Tegner knee score between the pre- and postoperative
periods.™ There was grade 1 laxity on the anterior drawer
test (more in AM group), while pivot glide was positive in
six patients with the majority in the PL group. No incidence
of graft failure was observed.

In a study by Abet et al., 28 patients were followed up for
30 months with excellent clinical outcomes and normal
returns to activity.® In another study on 36 patients with
AMB tear with follow-up of 24 months, there was a significant
improvement in instrumental laxity and IKDC score.®? There
was a significant improvement in instrumental laxity and IKDC

Figure 4: Graphical representation of repair of a partial ACL tear (a). The
intraoperative arthroscopic picture shows the torn posterolateral bundle
with fiber wire passing through it (b). Before the final repair. Image with
final repair construct (c). Continuity of the bundle after knotless anchor
placement with fiber tape augmentation. ACL: Anterior cruciate ligament

score. One patient presented with graft failure at a 4-month
postoperative period. Carulli et al. in their study of 36 patients
with a mean follow-up of 64 months concluded that there was
a good functional outcome and return to preinjury level after
selective bindle reconstruction.¥ Various surgical techniques
such as all inside, over the top, transtibial, and anteromedial
have been described in the literature with success in all
techniquest5+%¢l [Tables 3 and 4].

Standard complete anterior cruciate ligament
reconstruction

There is limited literature on performing complete ACL
reconstruction for partial tears. Pujol et al. in their randomized
study, comparing selective AMB reconstruction and
conventional single-bundle reconstruction for partial AMB
tear, inferred that there was no difference in the functional
outcome at 1-year follow-up. There was a significant
improvement in clinical and subjective outcomes in the
postoperative period from the preoperative period in both the
groups.® Chia et al. compared the outcomes of double, single,
and selective bundle techniques and found no differences in
functional outcome scores and laxity in 2 years of follow-up.
However, there was a slightly higher re-tear rate in the selective
bundle reconstruction group.® In another study by Park
et al., a comparison was made between remnant-preserving
augmentation and double-bundle ACL groups, but the anterior
drawer test was significantly better in the remnant-preserving
group. !

Repair techniques

In the landmark paper of Vander list et al. on the systematic
analysis of ACL repair techniques before 2000, he reviewed
29 studies and inferred that repair techniques are successful
in cases with a proximal tear.”? Apart from this, anatomical
knowledge about the blood supply of the ACL says that there
is better vascularization in the proximal part of the ACL.
These perceptions have led to the re-emergence of ACL repair
techniques in recent years for acute tears of the proximal
ACL. There is abundant literature on the repair of complete
proximal tears of ACL; however, there is an iota of literature
for repair in a partial ACL tear. Repair techniques preserve
the original fiber, which is important for proprioception and
biomechanical function, thus having an inherent advantage
over reconstruction [Figure 5].

Gobbi and Whyte in their article on the primary repair with
biological healing in cases of partial ACL tears demonstrated
good-to-excellent long-term results. In their study on
50 patients with 10.2 years of follow-up, the author reported
80% and 73% survival rates of repaired ACL graft at 5 and
10 years, respectively. Twelve patients noted ACL insufficiency
and residual laxity.!®®

In the recent study by Liao and Zhang, the author evaluated
the short-term outcome of repair methods in partial ACL tears
in 18 military personnel with a mean delay of 11.9 + 1.8 days
from the date of injury.[! Out of 18 patients, 17 had no laxity
in the sagittal plane, while 1 had a grade 1 anterior drawer test.
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Table 3: Existing literature on surgical management of partial anterior cruciate ligament tear

Author Total PL AM  Associated Delay in  Graft Average Average. graft Postoperative Graft
sample bundle bundle injury surgery  used* graft size sizein PL  laxity failure
size in AM group (mm)
Sabat and 36 12 26 14 patients-  2-26 months 4ST Grade 1 laxity in None
Kumar 20150 meniscus 5 patients (more in
injury AM group), pivot
glide in 6 patients
(more in PL group)
Abat et al .Y 28 10 18  8-meniscus  0.5-9 months 3ST/4ST-G 7.4 mm 6.5 No laxity in any None
injury patients
Carulli et al.5 36 1 35 15-meniscus 0.2-5months 2ST - - No laxity in any None
tear patients
Sonnery-Cottet 39 39 0 12 - meniscus 57+6.8  2/3ST - 7-9 Grade 1 pivot in 1 patient
et al.lb’] tears months 4 patients
Perelli et al.*® 76 42 34 19 - meniscus - 3ST 7.4mm 7.6 - 2 patients
tears
Sonnery-Cottet 168 0 168 44 - meniscus 3months  HT (108), - - Grade 1 in 4 patients, 5 patients
etal. tears PT (55) and grade 2 in 1 patient
QT (5)
Buda et al.[5! 42 42 0 23 - meniscus ST/IG - - No laxity None
tears
Ochi et al.lb4l 45 8 37 - - - Pivot glide in 2 cases -
Buda et al % 47 35 12 4-meniscus  12-36 weeks - - None
tears
Matsushita 68 43 25 19 ST+G No laxity -
et al.l®
Yadav and 40 4.2 months  ST+G 8 mmin - - -
Singhs! 65% and 9
mm in 35%
Yazdi et al.5 56 56 15 - medial 10.2 weeks ST+G - - No laxity -
meniscus tear,
7 - lateral

meniscus tear

Numerical value depicts turns - double/triple/quadruple. *ST: Semitendinosus, G: Gracilis, HT: Hamstring tendon, PT: Patellar tendon, QT: quadriceps
tendon, AM: Anteromedial, PL: Posterolateral

Figure 5: Graphical representation of reconstruction of a partial ACL
tear (a). The intraoperative arthroscopic picture shows the passage
of endo-button loop toward the femoral tunnel (b) with final construct
showing the reconstructed posterolateral bundle (c). ACL: Anterior
cruciate ligament

There was significant improvement of Lysholm, IKDC, and
Cincinnati scores at the final follow-up for 2 years.

In another study by Wei et al., partial ACL repair under local
anesthesia in 18 patients was followed up for 19.1 months.
There was a significant improvement in IKDC and Tegner
scores at 6- and 12-month follow-up. The total satisfaction
rate was found to be 94.4%.5

CoNCLUSIONS

Wayward presentation of partial ACL tears makes diagnosis
and management challenging. This comprehensive review
provides an insight on approaching a case of suspected
partial tear of ACL and choosing from the diverse
management options to best complement the clinical
profile [Figure 6].
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Table 4: Existing literature on outcome of surgical management of partial anterior cruciate ligament tear

Author Follow-up Sample Running  Return High-  Clinical improvement Complications
(months) size  (months)  to full level
activities  sports
(months)  (months)

Sabat and 36 38 After 3 6 12 29 patients return to normal 4 patients had flexion deficit of
Kumarf®! activities >15 degree
Abat et al.® 30 28 3 6 6 All patients return to normal 2 patients had extension deficit in

preinjury activity AM group, 1 had septic arthritis
Sonnery-Cottet 24 36 3 6 6 33 patients returned to their 2 patients developed extension
et al.kd preinjury level at 12 months deficit (due to cyclops lesion)

follow up (larger size graft was used >8 mm)
Carulli et al.l5! 48 36 - 5 12 33 patients returned to their 1 patient had persistent instability

preinjury level, 3 changed their

activities
Sonnery-Cottet 24.2 44 3 - 6 Significant clinical improvement No complication
et al.b in terms of various objective score
Perelli et al.l%! 85 76 3 - 6 Significant improvement in terms -

of various objective score
Sonnery-Cottet 26 168 3 - 6 Significant clinical improvement Residual pain in 13% of patients,
et al.k9 in terms of various objective cyclops syndrome in 9 patients

scores
Buda et al.®% 60 42 3 - 6.7 Significant improvement in terms ~ No complication

of various objective scores
Ochi et al.l64 24 45 - - - - -
Buda et al.l?% 60 47 - - 3 38 patients returned to sports No complication
Yadav and 12 40 3 6 9-12 - Ant knee pain in 1 and stiff knee
Singhl©! in 2 patients
Yazdi et al.[54 19.3 56 - 3 6 - Donor site infection in one patient
AM: Anteromedial

Suspected ACL tear
Clinical examination - Table 1
Partial tear Complete tear
Functional status - instability
neg"gib'e Failure ‘50'32;2(;:?; sports Reconstruction

Conservative -

rehabilitation, biologics

Repair/ Augmentation

Figure 6: Algorithm for approaching a suspected case of partial ACL tear. ACL: Anterior cruciate ligament
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Transphyseal Anterior Cruciate Ligament Reconstruction in
Adolescent Athletes Provides Good Functional Qutcomes
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Background: In adolescent athletes, the treatment of anterior cruciate ligament (ACL) tear is still a topic of debate. The present study
aimed to evaluate the functional outcomes and complications of transphyseal ACL reconstruction (ACLR) in adolescent athletes.
Materials and Methods: Thirty-four athletes who underwent transphyseal ACLR using a hamstring tendon graft participated in this study.
Functional outcomes (Lysholm and Tegner activity score) and potential complications (graft rupture, angular deformity [AD], or limb
length discrepancy) after transphyseal ACLR were assessed at the final follow-up. Results: The average age at the time of the surgery was
13.1 + 0.8 years. Lysholm and Tegner activity score was 96.5 £ 5 and 8.1 + 1.4, respectively, at a mean follow-up of 64.9 + 23.9 months.
27/34 (79%) of patients returned to the same level of sports. The mean time to return to sports was 8.3 £ 1.5 months. Three patients had graft
tears, and none of the patients had any deformity. Conclusion: Transphyseal ACLR is a safe procedure with good functional outcomes.

Level of Study: Level I1I.

Keywords: Graft rupture, growth disturbance, pediatric anterior cruciate ligament tear, return to sports, skeletally immature, transphyseal

INTRODUCTION

There is a surge in the incidence of sports injuries in the last
two decades™! due to the promotion of sports participation
at school levels and awareness among parents regarding the
importance of sports in the overall development of children.
Anterior cruciate ligament (ACL) tear is a common sports
injury among children. The incidence of pediatric ACL tear
varies from 0.7 to 3.2 per 10,000 person-years.™! Nearly 3%
of overall ACL injuries occur in the pediatric age group.?

The ideal treatment of choice for a pediatric ACL tear is
still a topic of debate as drilling through an open growth
plate can cause growth disturbances.*# Due to this concern,
many authors advocate nonoperative treatment for pediatric
ACL tears.® However, the reported results of nonoperative
treatment in previous studies are variable with most of the
studies reporting inferior results with the nonoperative
treatment.[”%!

Pediatric ACL injuries remain a major concern for parents
also, number of questions arises in parents’ mind after ACL
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tear-will child be able to grow normally after surgery? Will
he/she be able to play sports again? Do they need to wait
for child to attain full height before surgery? Therefore, a
treating clinician needs to have answers to all these questions.
The present study is an attempt to answer these questions by
analyzing the functional outcomes and complications after
surgical treatment of ACL tears. It was hypothesized that
transphyseal ACL reconstruction (ACLR) with hamstring
tendon graft (HT) results in satisfactory functional outcomes
with minimal growth disturbance.
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MaTeriALS AND METHODS

This was a retrospective study conducted in the sports injury
department of a tertiary hospital. Athletes of age 11-15 years
having ACL tears were included in the study. Transphyseal
ACLR was done using an HT graft in all the patients. A total of
38 athletes were operated from 2008 to 2017, out of these, we
were not able to contact 4 patients and thus were excluded from
the study. Skeletally mature patients or having multi-ligament
injury (medial collateral ligament, lateral collateral ligament, or
posterior cruciate ligament/posterolateral corner) were excluded
from the study. Explained written consent was received from
all the patient’s parents. Data related to demographic details,
Tanner staging, intraoperative findings (meniscal tear/chondral
damage), type of graft, tunnel diameter, and type of sports were
retrieved from the departmental medical reports. Chondral
damage was graded according to Outerbridge classification.
The Lysholm score and Tegner Activity Scale were used for
the evaluation of functional outcomes at the final follow-up of
a minimum of 3 years.

Patients-reported questionnaires, limb length measurement,
and gait analysis were used to clinically assess the growth
disturbances after ACLR. All patients were evaluated by two
different observers for any deviation in the operated leg and
limp while walking. Second, all patients were asked a series
of questions in their vernacular language regarding functional
outcomes and the deformity in the operated leg as compared
to the normal leg [Table 1]. Outcomes were assessed by the
senior research fellow.

In the present study, some modification of conventional
arthroscopic ACLR was done to minimize the risk of
growth damage. ACLR was done using preserved insertion
technique, and no implant was used in the tibial tunnel.:?! To
prevent thermal damage, the tunnel was drilled slowly and
intermittently. To minimize the risk of growth plate damage,
maximum graft diameter of 7.5 mm was used, and tunnels
were reamed of the same size as of graft. Tibial zig was set at
65° instead of the conventional 55°.

Rehabilitation: Patients were made full-weight bearing in
an unhinged knee brace on postoperative day (POD)-1.
Meniscal repair patients were kept nonweight bearing for
6 weeks. From POD-1, active knee bending and closed-chain
quadriceps strengthening exercises were initiated. Activities
were advanced to include cycling and half squats at 6 weeks.
Game-specific exercises were started at 3 months. From
5 months onward, friendly practice games were permitted.
Limb symmetrical index (LSI) was calculated from 6 months
onwards; return to sports (RTS) is only if LSI was more
than 85%. If LSI was <85%, athletes were advised to
continue physiotherapy. KT-1000, single hop test, and thigh
circumference were used to calculate the LSI.

Statistical analysis
Discrete categorical data were presented as percentages (%), and
continuous data were presented as mean + standard deviation.

Comparisons of continuous data (Tegner Activity Scale)
were made using a student t-test. P < 0.05 was considered
significant.

ResuLts

Demographic details of patients are given in Table 2. The
mean follow-up was 64.9 + 23.9 (range = 38-144) months.
11/34 (32%) patients had no meniscal tear, 12/34 (35%)
patients had lateral meniscus tear, 9/34 (26%) patients had
medial meniscus tear, and 2/34 (6%) patients had both menisci
tear. 13 patients underwent meniscal repair. 20/34 (59%)
patients had normal condyle or grade 1 chondral damage,
11/34 (32%) had grade 2 chondral damage, and 3/34 (9%)
patients had grade 3 chondral damage. The average tibial
tunnel and femoral tunnel drilled were 7.2 = 0.6 mm and
7.1 £ 0.6 mm (range: 6-8 mm). The average time interval
between injury and surgery was 3.9 + 2.4 months.

Most of the patients in this study were football players,
followed by basketball players. Details of patients involved
in various games and their incidence of RTS after surgery are
given in Table 3. 27/34 (79%) patients returned to the same
level of sports. The most common cause of not returning
to sports was the prioritization of studies over sports, three
patients did not RTS because of this reason [Table 4]. There
was a significant improvement in mean KT-1000 at 12 months
from preoperative value of 6.2 + 1.6 mm to 0.9 + 0.9 mm at
12-month follow-up (P = 0.0001).

The mean Lysholm score at the final follow-up was
96.5 [Table 5]. There was also no significant difference in mean
Tegner activity score (range) at final follow-up as compared

Table 1: Performa of clinical evaluation of functional
outcome and any growth disturbances

Questions Response
Return to same level or higher level of sports

If not, what is the cause of not returning to sports Yes/no

If yes, at what time (months)
Presence of any angular or cosmetic deformity in operated  Yes/no
leg
Presence of any LLD Yes/no
Development of any AD after surgery in operated leg Yes/no
Presence of any limp Yes/no

AD: Angular deformity, LLD: Limb length discrepancy

Table 2: Demographic and concomitant injuries details of
the patients

Mean age+SD (range) 13.1+0.8 (11-15)
Gender (male: female) 25:9

Dominant: Nondominant 15:19
Median Tegner activity at the time of surgery 4 (3-5)
Meantime from injury to surgery (months) 3.9+24
Meniscus tear (%) 23/34 (67)
Chondral damage (Grade 2 or more) (%) 14/34 (41)

SD: Standard deviation
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Table 3: Incidence of return to sports after anterior
cruciate ligament reconstruction in different sports

Type of sports Number of RTS  Did not return Did
patients having to same level not
ACL tear of sports RTS
Athletics 4 3 - 1
Basketball 6 5 1
Boxing 2 2
Football/soccer 11 9 1 1
Kabaddi 4 2 1 1
Combat sports 3 3
Tennis 2 2 -
Wrestling 2 1 - 1
Total 34 27 2 5

ACL: Anterior cruciate ligament, RTS: Return to sports

Table 4: Details of reasons why athletes did not return to
sports

Unable to play the at same level
Financial issues

Left sports for higher studies
Fear of reinjury

Total unable to RTS

N R W RN

RTS: Return to sports

Table 5: Details of functional outcomes and complications
at the final follow-up

Lysholm score (range) 96.5+5 (85-100)

Tegner activity (range) 8.1+1.4 (6-10)
RTS (%) 27134 (79.4)
Meantime to RTS (months) (range) 8.3£1.5 (6-11)
AD 0

LLD 0

Graft rupture 3

AD: Angular deformity, LLD: Limb length discrepancy, RTS: Return to
sports

to preinjury (preoperative 8.4 [6-10] vs. final follow-up
8.1 [6-10]; P =n. s). Three patients had graft rupture and one
patient had an injury to the contralateral knee. All patients had
attained skeletally maturity (X-rays) at the final follow-up.
In the patient-reported questionnaire and clinical evaluation,
no patient reported any angular deformity (AD) or limp in
walking or running.

Discussion

In the present study, satisfactory results were observed with
transphyseal ACLR in the pediatric age group with no AD
or limb length discrepancy (LLD). Results are similar to
previously published literature where satisfactory results
were reported with transphyseal ACLR.4 McCarthy and
Harty™™ and Courvoisier et al.'? reported excellent results
with transphyseal ACLR without any AD or LLD.

A recent meta-analysis recommended early ACLR for better
chances of RTS.[*® Early ACLR is recommended in children
with ACL tears as the incidence of meniscal injuries was
increased with delay in surgery™ and with conservative
treatment.*®! Fabricant et al. suggested early ACLR surgery in
children, as the incidence of meniscal and chondral lesions was
significantly high in patients who underwent delayed ACLR.1®!

Return to sports

In the present study, 79% (27/34) of patients returned to the
same or higher level of sports. The average time to RTS was
8.3 months. Return to the same level of activity in children and
adolescents varies from 41% to 100%.4-* Cohen et al. in their
study reported that 89% of children were able to return to RTS
after ACLR.[® Previous studies reported that younger athletes
have higher chances of RTS as compared to relatively senior
athletes.?™ Fabricant et al. observed RTS was significantly
higher with surgery as compared to conservative treatment in
children and adolescents.?!!

In the present study, none of the patients had any LLD or AD.
Most of the previous studies also suggested that transphyseal
ACLR does not cause growth disturbances,*2221 however,
some studies reported AD in few patients.[*?%1 Kocher et al.
observed that none of the patients had any AD after transphyseal
ACLR.?4 Kohl et al. observed that 1/15 of patients had AD
although none of the patients had any LLD.! Yoo et al. in their
magnetic resonance imaging-based study reported that nearly
11% of children who underwent transphyseal ACLR had focal
physeal disruption without any clinical AD.4

In the present study, the mean tunnel diameter was 7.2 £ 0.6 mm.
Previous animal experimental studies showed that a minimum
of 7%-9% of growth plate damage by drilling causes growth
disturbances.?>?% Janarv et al. reported that transphyseal
ACL tunnel takes up only 3%-4% of the total cross-sectional
growth area.? Pananwala et al. observed that the use of
7 mm and 8 mm drill bits for the tibia caused 1.45% and
1.84% defects in the physeal area, respectively.?l Beasley
and Chudik and Stadelmaier et al. reported that the presence
of soft-tissue grafts in the tunnel leads to fewer chances of
growth disturbances.?? In the present study, HT graft was
used for ACLR in all the patients.

Graft rupture

Nine percentage (3/34) of patients reported graft failure in
this study. The reported incidence of graft failure rate was
0%—24.5%.[223031 Frosch et al. in their meta-analysis reported
that the graft failure rate in children and adolescents was
4.8%.634 Astur et al. observed that the incidence of graft rupture
rate was significantly higher in patients aged <16 years (24.6%)
as compared to patients aged >18 years (9.2%).E

This study had some limitations

(1) At the time of surgery, the remaining growth potential
was not documented. (2) In this study, there is a lack of data
on very young patients (<11 years), therefore, the results of
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this study may not be validated for them. (3) Radiological
investigation to detect AD or LLD is lacking. (4) the present
study is a retrospective study.

CoNcLusIoN

Transphyseal ACLR shows satisfactory results in adolescent
athletes.
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Complications of the Open Latarjet Procedure are not Related
to the Learning Curve: Analysis after 11 Years of Experience

Daniela Gutiérrez Ziniga, Camila Ordénez, Felipe José Valbuena, Mauricio Largacha
Department of Orthopedics, Clinica del Country, Bogotd, Colombia

Introduction: The purpose of this study is to determine a relationship between complications of the open Latarjet procedure with the surgeon’s
learning curve during an 11-year experience in shoulder surgery. Methods: We conducted a retrospective descriptive observational case series
of all open Latarjet procedures performed by a single shoulder surgeon between June 2011 and September 2021. Latarjet procedure was
indicated in patients with glenoid bone defects of more than 15% or revision after a failed Bankart repair. Complications were recorded as
well as patients’ demographic data. We described the time between surgery and complication and correlated complication presentation with
the surgeon’s surgical curve. Results: Sixty-two consecutive patients were included (96, 8% male patients with an average age of 30 years).
Eight patients presented with a complication (12, 5% of all patients). These complications were classified as graft related (n = 3), hardware
related (n = 3), wound related (n = 1), and other (n = 1). There were no instability recurrences and no neurologic injuries. Complications were
present in all periods of the surgeon’s learning curve. Conclusions: The Latarjet procedure is technically demanding and complications can
be present regardless of the surgeon’s learning curve. Nevertheless, it is a successful procedure in most patients, with a low recurrence rate
of instability.

Keywords: Complications, coracoid transfer, Latarjet procedure, learning curve, shoulder instability

INTRODUCTION Currently, the evidence regarding learning curves in the Latarjet
procedure is focused mainly on the arthroscopic Latarjet,
nevertheless, open Latarjet procedure is still performed
frequently by shoulder surgeons around the world.®" To the
best of our knowledge to date, only one study has described
the learning curve of open Latarjet, but the main outcome
was surgical time, which might not necessarily correlate with
patient outcomes.®! To date, there is no study that describes
outcomes and complications of the Latarjet procedure in Latin
America.

The Latarjet procedure is a surgical alternative in patients
with anterior glenohumeral instability and risk factors for
failure of soft-tissue procedures. The technique consists of a
bone transfer of the coracoid process that aims to achieve 3
main effects. These are the conjoint tendon “sling” effect, the
bone block effect, and the Bankart effect.*? Although it has
demonstrated satisfactory outcomes and low recurrence rates,
it is a technically demanding procedure and complications are
not uncommon.B4

The purpose of this study was to describe the main

The “learning curve” is a concept that was initially described complications of the open Latarjet procedure by a single

in the manufacturing industry and the last 30 years has been
applied to the field of surgery.®! It states the time or number
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surgeon and their relationship to the surgeon’s learning curve.
We hypothesized that graft and hardware-related complications
tend to decrease while other types of complications remain
unchanged.

MEeTHODS

We conducted a retrospective descriptive observational
case series, reviewing medical records of all consecutive
open Latarjet procedures performed by a single shoulder
fellowship-trained surgeon (senior author). The study was
carried out in a private institution and was approved by the
institutional review board. The open Latarjet procedure was
indicated in the setting of anterior glenohumeral instability
with glenoid of bone loss of more than 15%, revision of a
previous failed Bankart repair, and patient risk factors such as
the practice of collision sports. Patients with neuromuscular
pathologies were excluded. Informed consent was obtained
from all enrolled patients. The main objective of this study
was to determine the frequency of complications of open
Latarjet procedure performed by the same shoulder surgeon
and characterize the type of complications throughout the
surgeon’s surgical curve.

Surgical technique

The Latarjet procedure was performed in all patients by
the senior author, by a technique that has been previously
described.?8l With the patient under general anesthesia
and regional block, using a pad under the scapula, a 5 cm
incision is made starting at the tip of the coracoid distally. The
deltopectoral interval is developed and the coracoid process
is exposed, freeing the coracoacromial ligament laterally,
leaving a 5 mm stump for capsular repair, and the pectoralis
minor medially. Protecting with retractors the neurovascular
structures, the osteotomy is performed with a 90° oscillating
saw blade anterior to the coracoclavicular ligaments, measuring
a graft length with a sterile ruler to be from 22 to 27 mm from
the tip. The coracoid graft is then prepared by decorticating
the inferior aspect of the coracoid using the saw blade and a
high-speed burr. Two bicortical pilot holes are drilled in the
long axis of the graft using a 3.75 mm parallel drill guide.
Then, the subscapularis is split horizontally at the junction
between the middle and inferior thirds. In the initial cases (first
8 years of the surgeon’s curve) a vertical capsulotomy was
performed. The surgeon modified the technique in 2018 to
perform a horizontal capsulotomy, as described by Landreau,
to allow a simpler capsular shift without overtightening the
capsule during closure.l’! Glenoid exposure is completed
using Hohmann retractors and a Steinmann pin superiorly.
The anterior surface of the glenoid is prepared with a burr
to optimize graft healing. The graft if then retrieved and
placed flush with the glenoid surface, and secured with two
4.0 mm cannulated screws, using a washer only in the inferior
screw. After verifying hemostasis the capsule is repaired
with nonabsorbable sutures. An immobilized in a neutral
position is used for 3 weeks. After the first 2 weeks, passive
and scapular exercises are initiated under supervision by a

shoulder-specialized physical therapist. Active range of motion
is started at 6 weeks. Strengthening exercises begin after the
patient has gained a full range of motion, usually by week 12.
Return to sport is allowed at 6 months postoperatively, once
the patient has gained full range of motion and strength.

Statistical analysis

For qualitative data, absolute and relative frequencies were
described and for quantitative data median and range were
used. The complications were classified as recurrence of
instability, wound complications, neurologic complications,
graft complications, hardware complications, and others such
as venous thrombosis and hemorrhagic complications. We also
described the time elapsed between surgery and complications.
In addition, we correlated complication rates with the surgeon’s
surgical curve.

ResuLts

Patients included underwent open Latarjet procedure between
2011 and 2021, performed by the same shoulder surgeon,
with nine previous years of experience as a senior shoulder
surgeon but no open Latarjet cases as an independent surgeon
previously. A total of 62 patients were included in this case
series. The majority of our patients were male with a median
of 30 years of age. The majority of patients underwent open
Latarjet during in the 4" year of the surgeon’s learning curve
and the patients were followed up till the first of March of 2022.
Follow-up time was from 130 months to minimum of 7 months,
with a mean follow-up time of 68.30 months [Table 1].

In the follow-up time of the whole cohort, a total of 8 patients
presented a complication (12, 9% of all patients) [Table 2]. Of
these, 3 (37, 5%) were graft-related, corresponding to graft
fracture, and 3 (37, 5%) were hardware related. Graft-related
complications occurred between 3 and 8 weeks postoperatory
and in the 1%, 2"@and 10" year of the surgeon’s learning curve.
Two of these patients presented fractures during follow-up
without having trauma or dislocations while the third patient
presented graft fracture after a seizure [Figure 1]. In addition,
all of these patients underwent fibrous nonunion of the fracture
and none of them required a new surgical intervention or
presented recurrent instability or dislocations. Hardware-related
complications occurred between the second and the 6" year of
the surgeon’s learning curve. Two patients reported discomfort
related to the screws, which underwent implant removal, with
a complete improvement of the symptoms. The other patient
had a high-energy motor vehicle accident 7 months after the

Table 1: Patient baseline characteristics

Variable Results
Total patients 62
Male, n (%) 60 (96.8)
Median age, years (range) 30 (16-59)

Median follow-up, months (SD)
SD: Standard deviation

68.30 (+34.8)
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procedure; presenting with bending of the screws, but without
symptoms to require reoperation [Figure 2]. Complications
occurred 22, 18, and 7 months after the surgery, respectively.
There was one superficial wound infection (12.5% of total
complications), that occurred in the last year of the surgeon’s
curve, that resolved with oral antibiotics. Finally, during
the 7 year of the surgeon’s learning curve, one patient
had a hematoma that required immediate reintervention for
cauterization and drainage on the same day of the open Latarjet
procedure [Figure 3]. Overall, there were no recurrences or
instability episodes, and no neurologic complications in any
patient.

Regarding the relationship of surgical complications with the
surgeon’s learning curve, we found that the complications did
not become less frequent as the surgeon gained experience.
Regardless of the moment of the learning curve, all types of
complications are presented. During the 1% year of the surgeon’s
curve 100% of the procedures presented complications,
in the 2" and 4" years 16.7% of the procedures presented
complications, in the 6™ year 33.3% of the procedures
presented complications, in the 8" year 11.1% presented
complications, in the 10™ year 25% of the procedures presented
complications and in the 11" year 20% of the procedures
presented complications [Figure 4].

Discussion

The main finding of our study is when performing an open
Latarjet procedure complications may occur regardless of
the surgeon’s learning curve period or overall experience.
Nevertheless, these occur in 12% of cases, with most of the
patients presenting a satisfactory outcome and no recurrence
of instability. To be noted, in our setting the Latarjet procedure
is indicated in the setting of a critical glenoid bone defect of
a revision of a previous failed Bankart repair. Although graft

Table 2: Total complications by type

problems are the most frequent complication, they do not
imply subsequent instability or require revision surgeries.

Figure 1: Coracoid bone graft fracture after a seizure in a patient with
epilepsy 8 months after surgery

Figure 2: Screw breakage in one of the patients, 7 months after the
Latarjet procedure during a motor vehicle accident

Type of complication n (%)
Total complications 8 (100)
Graft-related complications 3(37.5)
Graft fracture 3(37.5)
Graft resorption 0
Hardware-related complications 3(37.5)
Discomfort 2 (25)
Screw bending 1(12.5)
Wound related complications 1(12.5)
Superficial infection 1(12.5)
Deep infection 0
Wound dehiscence 0
Neurologic complications 0
Recurrence of instability 0
Other 1(12.5)
Hematoma 1(12.5)
Stiffness 0 Figure 3: Progressively enlarging hematoma after open Latarjet procedure
Venous thrombus 0 due to a small arterial bleeding from a vessel adjacent to the medial capsule
Journal of Arthroscopy and Joint Surgery | Volume 10 | Issue 1 | January-March 2023 I
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12 100%

2
o M o%
2001 | 2002 | 2003 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
mmProcedures | 1 | 6 6 | 12 7 3 | 3 9 5 | 4 | 5 |
Complications| 1 | 1 | o | 2 | o | 1 o | 2 | o | 2 | 1|
——Percentage | 100,0% | 16,7% | 0,0% | 167% | 0,0% | 333% | 0,0% | 11,1% | 0,0% | 250% | 200% |

Figure 4: Eleven years of the surgeon’s curve in open Latarjet procedure.
Number of procedures per year, quantity of complications per year and
percentage of complications related to quantity of procedures per year

Complications that require reoperations are frequently due to
hardware-related discomfort, usually presenting in the 2" year
postoperatively, and symptoms resolve with screw removal.
Although neurologic injuries are reported as a potential
complication of the Latarjet procedure, there were no nerve
injuries in our series.

Our study finds that the open Latarjet procedure, which is still
considered the gold standard in patients with critical bone
defects and risk factors for instability recurrence, is overall
a safe procedure. Although in Shah et al., initial series of
45 patients complications reach up to 30%,1% subsequent
studies have shown that this rate may be lower.'! Recently
in the systematic review by Gilat et al., which analyzed
outcomes of 1052 Latarjet surgeries in 15 studies, medium and
long-term complications were 4%-3%, respectively.? Among
these, the most frequent are hardware failure or removal, graft
complications, and to a lesser extent, nerve injury. These results
are similar to those reported in our study. Likewise, regarding
early complications up to 90 days, Gartsman et al. and Frank
et al. have found that these range from 5% to 7.5%, being the
most frequent recurrence of instability, infection, and transient
neurological injury.’**4 Recently, Hendy et al. reported on
early complications of 190 Latarjet procedures, with a rate
of 9%, the most frequent being graft failure, which required
either revision Latarjet, distal tibia allograft, or iliac crest
autograft revisions.*® The authors found that graft failure was
associated with fixation using only 1 screw and an increased
screw divergence angle.

Bone-block fracture was the most frequent complication in our
patients. In all cases, they presented as a delayed complication.
In line with previous studies, graft fractures or resorption
did not require surgical intervention and were not associated
with poor clinical outcomes or recurrence. According to
the review by Domos and Walch, this can be minimized by
preparing the graft with appropriately sized drills, drilling
wide apart in the graft and tightening the screws with the
“two finger” technique.*®! The only major complication in
our series was a progressively enlarging hematoma which
presented before patient discharge and required immediate
revision for drainage and hemostasis of a small arterial
vessel adjacent to the capsule. This ocurred in one of the first

cases of the curve when the surgeon decided to modify his
technique to perform the capsulotomy horizontaly to allow a
more thurough and secure capsular plication, as described by
Landreau.! Hematoma is an infrequent complication of the
Latarjet procedure (1%—-2%) which can be usually treated with
cold packs and oral analgesia.[*¢!

Interestingly, there were not any nerve injuries in our series.
Nerve injuries are the second most frequent complication
of the Latarjet procedure in most series. Although they
can be potentially devastating, in most studies usually
neurologic deficit is transient and does not require surgical
intervention.[®101213151 Delaney et al. using intraoperative
neuromonitoring found that the axillary and musculocutaneous
nerves are most at risk during the procedure, particularly
during glenoid exposure and graft insertion.[ All patients
with clinically detectable deficit resolved completely after
28-165 days postoperatively.

Recently, in the systematic review published by Ekhtiari
et al., the authors found that after 22 open Latarjet and
20-40 arthroscopic procedures, surgeons achieve an
adequate level of proficiency, measured in surgical time.l"]
The authors emphasize that in most of these studies, the
learning curve analysis takes surgical time as the outcome of
interest. Although it is a relevant outcome measure, it does
not necessarily represent patient outcomes or the success
of the intervention. Moreover, the studies that address the
arthroscopic Latarjet curve have been performed by surgeons
with extensive experience in arthroscopic surgery, which limits
the generalizability of these results to other shoulder surgeons.
A total of 5 studies have described the learning curve of the
Latarjet procedure. Of these only 1 has analyzed the learning
curve of the open Latarjet procedure before. This is the study by
Dauzére et al., which examines the results of the learning curve
in 68 patients, a sample similar to the one of our studies.l® They
find that there is a negative correlation between the surgeon’s
experience and surgical complications, operative time, and
length of hospital stay of the patients. However, the authors
do not specify the number of cases necessary to demonstrate
a reduction in such complications.

The limitations of the present study are inherent to its
retrospective design, and all complications may not be noted
and reported. We did not measure other variables which might
relate to the learning curve such as operative time, hence the
approach was focused only on clinical outcomes. On the other
hand, the exposed surgical curve is limited to the experience
of a single surgeon which may reduce the generalizability
of the results. Patient-reported outcome measures and range
of motion were not available in this retrospective review for
analysis. Nerve injuries were not searched for specifically and
may be unreported. This case series has a limited number of
patients and more complications might be reported in higher
volume settings. Statistical analysis was not possible given
the homogeneity in the presentation of complications across
the years on the surgeon’s learning curve of Future studies
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may compare complications and outcomes of arthroscopic
and open approaches to the Latarjet procedure, assessing not
only operative time but patient outcomes and complications.
The strengths of the study are a long-term follow-up in
a homogeneous cohort of patients, and to the best of our
knowledge, it is the first study in Latin America to analyze the
outcomes and learning curve of the open Latarjet.

CoNCLUSIONS

The open Latarjet procedure is technically demanding and
complications can be present regardless of the surgeon’s learning
curve. Nevertheless, it is an effective intervention to manage
glenohumeral instability, with more than 87% of the patients
presenting no complications. Graft-related complications usually
do not require revision surgeries and hardware-related discomfort
was the most frequent cause of reintervention in our cohort.
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Does Acromioclavicular Joint Tenderness Affect the Qutcome of
Rotator Cuff Repair? A Prospective Cohort Study
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Purpose: The purpose of this study was to assess the functional outcome of rotator cuff repair (RCR) without distal clavicle excision (DCE)
in patients with degenerative rotator cuff tear and acromio-clavicular joint (ACJ) tenderness. Methods: A cohort of 70 patients undergoing
arthroscopic RCR without DCE were prospectively evaluated. Parameters such as the presence of ACJ arthritis on imaging and long head of
biceps tendon (LHBT) pathology (intra-operative) were recorded. The ACJ tenderness and clinical outcome scores including Oxford shoulder
score and quick-disability of arm, and shoulder and hand score were evaluated preoperatively and at 1-year postoperatively. Results: Four
patients were lost to follow up. Of remaining 66 patients, ACJ tenderness was found in 50% of the total study population. ACJ tenderness
showed significant positive correlation with biceps tendinopathy (R = 0.37, P = 0.002). Postoperatively, there was significant improvement in
clinical outcome scores which were comparable in patients with or without ACJ tenderness. Among patients with tender ACJ, the tenderness
resolved completely in 78.7% of patients. Conclusions: ACJ tenderness did not adversely affect the outcome following RCR. Furthermore,

the patients with ACJ tenderness have higher incidence of LHBT tendinopathy.

Keywords: Acromioclavicular joint arthritis, acromioclavicular joint tenderness, distal clavicle excision, re-tear, rotator cuff repair

INTRODUCTION

Distal clavicle excision (DCE) in the setting of rotator cuff
repair (RCR) has been debated extensively in the literature.
A number of studies have shown that DCE in patients
undergoing RCR does not improve clinical outcomes following
surgery.? A recent study suggested that routine DCE is not
necessary even in patients with symptomatic acromioclavicular
joint (ACJ) arthritis, with no statistically significant
improvement in patient reported outcome measures.®! In
contrast, other studies have shown that DCE in addition to RCR
leads to better clinical outcomes.*™ While these studies had
small numbers with heterogeneous group of patients, a larger
study of 184 patients found that not having DCE during RCR
resulted in poor postoperative outcome measures in patients
with rotator cuff tear (RCT) and ACJ arthritis.®l However,
DCE in conjunction with RCR has the disadvantages of
higher surgical cost, lower postoperative outcome scores, pain,
refractory symptomatic instability, and revision surgery.[®

Clinically, the symptomatic ACJ is evaluated with tenderness
on palpation and cross body adduction test. The ACJ tenderness
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is more sensitive (96%) indicator of symptomatic ACJ, but it
has poor specificity.*? In patients with RCT, it is used by the
clinicians to explain the superior pain as well.?**I The DCE is
performed during RCR as an adjunctive procedure for either
radiological ACJ arthritis or clinical ACJ tenderness.*4

The ACJ can be clinically asymptomatic despite exhibiting
all the signs of arthritis. Choo et al.'® found that over 50%
of patients with radiological arthritis on magnetic resonance
imaging (MRI) scan did not have pain or tenderness related
to ACJ. Similarly, Shubin Stein et al.*® found that 93% of
asymptomatic individuals had radiological ACJ arthritis
signs on MRI. However, the patients with degenerative RCT
frequently have symptomatic ACJ irrespective of presence or
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absence of ACJ arthritis.'1 The cause of symptomatic ACJ
in the absence of ACJ arthritis is not investigated yet. We
believe that this tenderness may be attributed to long head
of biceps tendon (LHBT) pathology where the compression
or direct palpation of the ACJ can result in the pain in LHBT
mimicking ACJ pain. Previous studies have shown that isolated
LHBT tenotomy or tenodesis may improve clinical outcomes
significantly in massive irreparable RCT.*#% In our practice,
we do not perform DCE during RCR irrespective of presence
of ACJ tenderness or ACJ arthritis.

The purpose of this study was to assess the functional outcome
of RCR without DCE in patients with ACJ tenderness. We
also aimed to evaluate the relationship of LHBT pathology
with ACJ tenderness. The hypothesis of the study was that the
patients with ACJ tenderness would have comparable clinical
outcome to the patients without ACJ tenderness following
RCR.

MEeTHODS

This was a prospective study conducted at a single institution
between December 2018 and July 2019. All consecutive
patients undergoing arthroscopic RCR were recruited. The
inclusion criteria were symptomatic RCT having failed
conservative treatment including physical therapy, nonsteroidal
anti-inflammatory drugs, and/or steroid injections. The
exclusion criteria were co-existing osteoarthritis or rotator cuff
arthropathy, partial RCR, revision RCR, previous shoulder
surgery or fractures, irreparable tears, inflammatory disease
of the ipsilateral shoulder or ongoing insurance/compensation
claims.

All the surgeries were performed arthroscopically in a lateral
decubitus position by the senior author or his fellows with
supervision. The RCR was performed using single or double row
knotted suture anchors (4.5 mm Healicoil, Smith and Nephew,
Andover, MA). Long head of biceps pathology (tendinopathy
with tenosynovitis/increased vascularity/hypertrophy/fissures/
partial tear; or instability due to ruptured pulley) was dealt with
tenotomy or tenodesis (in young patients involved in manual
work). Subscapularis tendon was repaired if a tear was noted.
The subacromial decompression was performed routinely in
all the patients. The ACJ was not excised in any of the patient.

Postoperatively, all the patients underwent uniform
rehabilitation as per the established departmental protocols,
which included 3 weeks of immobilization, with strengthening
commencing at 3 months. The patients were reviewed in the
clinic at 3, 6, and 12 months after surgery.

The ACJ tenderness by direct palpation over the ACJ was
recorded preoperatively by a senior fellow. Based on ACJ
tenderness, patients were divided into two groups: tender ACJ
and nontender ACJ groups. The ACJ tenderness was assessed
again at 12 months postsurgery by same observer.

The preoperative radiographs were reviewed for the signs
of ACJ arthritis (joint space narrowing, osteophytes, and

subchondral cyst). Based on radiological diagnosis of ACJ
arthritis, patients were divided into two groups as well: arthritic
and nonarthritic ACJ groups.

The intra-operative findings such as long head of biceps
pathology (tendinopathy with tenosynovitis/increased
vascularity/hypertrophy/fissures/partial tear; or instability
due to ruptured pulley), subacromial impingement grades
according to Copeland and Levy classification?” and number
of suture anchors used were recorded. The type of RCT was
classified as per the Copeland and Levy classification.??!

All patients were assessed using the Oxford shoulder
score (OSS)Y and Quick-Disability of arm, shoulder,
and hand (qDASH) scoref! preoperatively and at
1 year postoperatively. Minimum clinically important
difference (MCID) was defined as 6.0 for OSS and 16.3 for
gDASH score.?® The patients with improvement of less than
MCID in any of the outcome scores were considered to have
an unsatisfactory outcome.

All the surgeries were performed in a public health system;
hence, routine postoperative evaluation with imaging was not
obtained in all the patients. The ultrasound was offered to the
patients postoperatively only if there was a concern regarding
the integrity of the repair. The ultrasound was performed by
a fellowship trained radiologist who was blinded to the study.
The complications such as re-tear and revision surgery were
also recorded. The outcome scores were measured before
revision RCR in those patients who had developed re-tear
following primary repair.

Statistical analysis

The statistical analysis was carried out using SPSS 22.0 (IBM
Corp, Armonk, NY, USA). The continuous variables were
presented as mean + standard deviation and categorical
values were presented as number or percentages. The two
groups (tender and nontender ACJ) were compared using
two-tailed paired/unpaired t-test for numerical variables and
Chi-square/Fisher’s exact test for categorical variables. The
strength of association of the ACJ tenderness with biceps
pathology and ACJ arthritis was evaluated using Spearman
correlation test. The binary logistic regression analysis
was undertaken to assess the predictive value of individual
preoperative variables with the unsatisfactory outcome.
Similarly, the statistical tests were used to compare the
outcome between arthritic and nonarthritic groups. P < 0.05
was considered statistically significant.

ResuLts

A total of 70 patients met the inclusion criteria and were
recruited in the study. Four patients were lost to follow up,
and therefore, excluded. A total of 66 patients were available
for final analysis. The ACJ was found tender in 50% of the
study population; hence, the two groups (tender and nontender
ACJ groups) comprised of 33 patients in each group. The
descriptive statistics are presented in Table 1. The two
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groups were significantly different in terms of age, biceps
tendinopathy, and impingement grades. The patients in tender
AC]J group were significantly older than those in nontender
ACJ group (P < 0.05).

The biceps tendinopathy was found more commonly in patients
with tender ACJ than nontender ACJ (57.6% vs. 21.2%). The
ACIJ tenderness showed significant positive correlation with
biceps tendinopathy (P = 0.002). There was no correlation
between ACJ tenderness and biceps instability [Table 2].

In the study population, the radiographs were available in
55 patients for the evaluation of signs of ACJ arthritis. A total
of 20 patients were noted to have ACJ arthritis. A greater
proportion of patients in tender ACJ group were found to
have ACJ arthritis in comparison to nontender ACJ group;
however, the difference was not significant (48.1% vs. 25%,
P =0.074). In other words, while the ACJ tenderness was found
in 13 out of 20 patients with ACJ arthritis, it was also noted
in 14 out of 35 patients without ACJ arthritis. The correlation
between ACJ tenderness and ACJ arthritis was not statistically
significant [P = 0.074, Table 2].

The preoperative clinical outcome scores were inferior in
tender ACJ group than in nontender ACJ group (P = 0.003
and 0.039 for OSS and gqDASH, respectively). However,
postoperatively, there was no statistically significant difference
in the clinical outcome scores between the two groups. Both
the groups had significant improvement in the outcome scores
following surgery (P < 0.001). Based on MCID, satisfactory
outcome was obtained in 81.8% and 78.8% of patients in tender
and nontender ACJ groups; however, this difference was not
statistically significant (P = 0.756). One patient in each group
underwent revision RCR [Table 3].

The binary logistic regression analysis did not reveal a
significant relationship of any of the preoperative variables
with unsatisfactory outcome including ACJ tenderness (odd
ratio 1.687, 95% confidence interval 0.263-10.828,
P = 0.582) [Table 4].

The ultrasound was obtained to assess the integrity of the
RCR in 10 patients who failed to show early improvement
in symptoms following surgery. Three patients in each group
were diagnosed to have developed re-tear. One patient in each
group (3%) underwent revision RCR. One patient in nontender
ACJ group underwent an arthroscopic capsular release for
postoperative stiffness. There were no other complications.

In tender ACJ group, the tenderness resolved completely in
26 (78.7%) patients. However, seven (21.2%) patients reported
residual tenderness at the final follow-up, of which none of the
patients required revision surgery for ACJ tenderness. The ACJ
remained nontender in all patients in nontender ACJ group.

On comparing the patients with arthritic and nonarthritic ACJ,
the outcome scores improved significantly in both the groups.
The improvement in outcome scores and revision surgery,
however, was comparable in both the groups [Table 5].

Table 1: Descriptive statistics of the tender and
nontender acromio-clavicular joint groups (n=33)

Parameters Tender ACJ, Nontender P
n (%) ACJ, n (%)
Age 65.54+10.24 58.12+11.06 0.006
Side right 20 (60.6) 24 (72.7) 0.224
Biceps tendinopathy 19 (57.6) 7(21.2) 0.002
Biceps instability 4(12.1) 10 (30.3) 0.141
ACJ arthritis* 13 (48.1) 7(25) 0.074
Impingement grade
Al 5 (15.1) 0 0.02
A2 28 (84.9) 33 (100)
Culff tear grade
Bl 0 0 0.403
B2 9(27.3) 8(24.2)
B3 14 (42.4) 19 (57.6)
B4 10 (30.3) 6 (18.2)
Biceps procedure
Biceps tenotomy 23(69.7) 12 (36.4) 0.07
Biceps tenodesis 1(3.03) 5(15.2)
Subscapularis repair 10 (30.3) 5(15.2) 0.141
Number of anchors
1 18 (54.5) 22 (66.7) 0.133
2 9(27.3) 10 (30.3)
3 6(18.2) 1(3.03)

“Number of patients for acromioclavicular joint arthritis were 27 and
28 in tender and nontender acromio-clavicular joint group respectively.
ACJ: Acromio-clavicular joint, n: Number of patients

Table 2: Correlation of acromioclavicular arthritis
tenderness with biceps pathology and acromioclavicular
arthritis arthritis

Parameters Correlation coefficient P

Biceps tendinopathy 0.372 0.002
Biceps instability -0.14 0.141
AC] arthritis 0.24 0.074

ACJ: Acromioclavicular joint

Discussion

Various structural abnormalities have been thought to induce
pain in degenerative RCT; hypertrophy and inflammation of
rotator cuff tendon,?*? hypertrophy, inflammation, edema and
necrosis of subacromial bursa,?! and superior labral-biceps
tendon pathology.??>?%1 Patients with RCT frequently have
symptomatic ACJ with overlying tenderness, as was found in
50% of our study population. The ACJ tenderness was found
more commonly in slightly older population than the nontender
group. However, the cause of superior pain and tenderness
over ACJ specifically in the context of degenerative RCT
is ambiguous. The current study has shown no correlation
between ACJ tenderness and ACJ arthritis, as arthritis was
found in less than half of patients with tender ACJ. Moreover,
patients with RCT can have symptomatic ACJ without an
obvious ACJ arthritis, as was seen in 25% of our study
population (14 of 56 patients).
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Table 3: Difference in clinical outcome scores between
tender and nontender acromioclavicular arthritis groups
(n=33)

Outcome Tender Nontender P

measures ACJ, n (%) ACJ, n (%)

(ORH]
Preoperative 33.64+7.54 39.64+8.3 0.003
1 year 51.24+11.7 55.69+6.6 0.062
Improvement 17.12+12.2 16.06+9.4 0.744
p* <0.001 <0.001

gqDASH
Preoperative 56.05+£19.1 46.13+19.4 0.039
1 year 19.42+23.6 10.72+13.9 0.073
Improvement 36.9+20.04 35.41+19.69 0.76
p* <0.001 <0.001

Outcome
Satisfactory 27 (81.8) 26 (78.8) 0.756
Unsatisfactory 6 (18.2) 7(21.2)

Revision RCR 1 (3.03) 1 (3.03) 1

*P-value for the difference between pre-and post-operative outcome
scores in each group. ACJ: Acromio-clavicular joint, OSS: Oxford
shoulder score, qgDASH: Quick-disability of arm shoulder and hand,
RCR: Rotator cuff repair

Table 4: Binary logistic regression analysis of various
preoperative parameters for predicting unsatisfactory
outcome following surgery

Parameters OR 95% CI P

Age 0.970 0.902-1.043 0.413
Side 1.246 0.265-5.861 0.781
AC]J tenderness 1.687 0.263-10.828 0.582
ACJ arthritis 1.09 0.253-4.747 0.908
Preoperative OSS 1.089 0.985-1.203 0.096
Preoperative gDASH 0.992 0.953-1.032 0.678
Cuff tear grades 0.785 0.098-6.315 0.820
Biceps tendinopathy 1.402 0.207-9.505 0.729
Biceps instability 1.535 0.220-10.724 0.666
Subscapularis repair 3.457 0.400-29.855 0.259

ACJ: Acromio-clavicular joint, OSS: Oxford shoulder score,
gDASH: Quick-disability of arm shoulder and hand, OR: Oddis ratio,
CI: Confidence intervel

LHBT is known to be an important pain inducer in the
shoulder. Biceps pathology (fraying/erythema/partial tear/
subluxation) has been implicated with anterior pain and
subpectoral tenderness in patients with RCT.[?1 A molecular
study has shown elevated vascular endothelial growth factor
in degenerate LHBT tissue which is an important inducer
for neoangiogenesis.*! In addition, in comparison to
noninflamed LHBT, inflamed LHBT showed a significantly
increased inflammatory marker gene expression which
suggests that the LHBT acts as an important pain generator
in the shoulder.? Previous studies have not looked at
the correlation of biceps pathology and ACJ tenderness
perioperatively in patients with RCT. We found that patients
with ACJ tenderness have significantly higher rate of LHBT

tendinopathy compared to nontender ACJ group (57.6%
vs. 21.2%, P = 0.002). The RCR with addition of biceps
procedure (tenotomy or tenodesis) resulted in improved
outcome in patients with tender ACJ which was similar to
patients with nontender ACJ (P =0.744 and 0.76 for OSS and
gDASH respectively). The reason for association of LHBT
pathology with ACJ tenderness is not known, however, it
may be assumed that the direct compression of the ACJ may
reproduce pain due to biceps tendinopathy due to its close
anatomic proximity with LHBT.

The role of DCE for symptomatic ACJ arthritis in setting of
RCR continues to be debated. The recent evidence suggests that
routine DCE in setting of RCR does not improve outcomes with
no difference at 24 months between RCR with DCE and RCR
alone.l* Furthermore, our study did not find any difference in
the outcome between arthritic and nonarthritic patients. Park
et al.,”? in a randomized controlled trial, compared RCR with
DCE (21 patients) and isolated RCR (26 patients) in patients
with RCT and symptomatic ACJ (radiological arthritis, tender
ACJ, and positive ACJ injection test). They observed similar
improvement in functional outcome, re-tear/re-operation
rate, and disappearance of tenderness in both groups. They,
subsequently, concluded that isolated RCR would be sufficient
in patients having RCT and symptomatic ACJ. They, however,
did not investigate the patients with symptomatic ACJ without
arthritis, which forms around 25% of the RCT population as
seen in our study.

In the current study, postoperatively, both the groups (tender
and nontender ACJ) reported significant and clinically
important improvement in both the outcome scores which were
at least twice the MCID for both OSS and gDASH scores. The
clinical outcome scores following surgery were comparable
in both the groups (P = 0.744 and 0.76 for OSS and gDASH,
respectively). Since the two groups were dissimilar in few
of the preoperative variables including age and preoperative
outcome scores, a binary logistic regression analysis was
performed to independently assess the effect of ACJ tenderness
over the outcome scores postsurgery. The regression analysis
suggested that the ACJ tenderness does not affect the outcome
following RCR without DCE.

Our results were similar to the findings from a recent
prospective study by Yiannakopoulos et al.F! who evaluated
the effect of isolated RCR (without DCE) in a large group of
patients with RCT and ACJ arthritis. They studied 185 patients
with symptomatic ACJ arthritis and 312 patients with
asymptomatic ACJ arthritis and reported similar functional
outcome scores in both the groups. Although our results support
their findings, recruitment of symptomatic ACJ patients based
on ACJ tenderness (rather than ACJ arthritis) in our study
represents wider inclusion of patients and is more reflective
of current clinical practice. Furthermore, Yiannakopoulos
et al.B® reported that 1% of patients in both groups underwent
revision surgery for recent or persistent ACJ pain. In contrary,
none of our patients underwent revision surgery for ACJ pain,
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Table 5: Difference in clinical outcome scores between
arthritic and nonarthritic acromioclavicular joint groups

Parameters Arthritic ACJ, Nonarthritic ACJ, P
n (%) (n=20) n (%) (n=35)

(ORH]
Preoperative 36.3+7.9 37.748.3 0.522
1 year 53.1+10.5 54.2+8.4 0.672
Improvement 16+10.7 16.4+10.4 0.884
p* <0.001 <0.001

gqDASH
Preoperative 50.5+15.9 50.7+£22.3 0.979
1 year 14.7420.5 14.5+17.8 0.963
Improvement 35.8+20.4 36.4+19.6 0.907
p* <0.001 <0.001

Revision surgery 1 1 1.000

*P-value for the difference between pre-and post-operative outcome
scores in each group. ACJ: Acromio-clavicular joint, n: Number of
patients, OSS: Oxford shoulder score, qgDASH: Quick-disability of arm
shoulder and hand

but the revision rate for re-tears was same for both tender and
nontender ACJ groups (3%).

Our result shows that isolated RCR without DCE improved the
ACJtenderness in 79% of the patients at 1-year postoperatively.
This is consistent with the results of Park et al.””) who reported
the residual tenderness in 20% (5 of 26) of those undergoing
isolated RCR and in 33% (7 of 21) of those undergoing RCR
with DCE.

Furthermore, our study demonstrated that more than half of
patients with tender ACJ in context of RCT did not have ACJ
arthritis. Although ACJ arthritis was noted more commonly in
tender ACJ group than nontender ACJ group (48.1% vs. 25%),
it did not show a statistical difference (P = 0.074). On further
analysis, the ACJ arthritis did not correlate significantly with
the ACJ tenderness. The previous authors have noted ACJ
arthritis in asymptomatic patients without pain or tenderness.
Needell et al.l?® evaluated MRI scan of the shoulder joints of
100 asymptomatic volunteers and found ACJ arthritis in three
fourth of the study population. Our study has shown that ACJ
arthritis is less likely to cause superior pain in the context of
RCT. Moreover, the postoperative outcome with isolated RCR
without DCE in patients with arthritic ACJ was comparable to
that in patients without ACJ arthritis.

While this study has the strength of being a prospective study
involving a blinded observer, it also has few limitations.
First, there were small number of patients in each group.
Subsequently, the small number of events for different outcomes
may have been a source of bias in our analysis. Second, the
two groups were dissimilar in baseline characteristics such as
age and preoperative outcome scores. However, despite having
inferior preoperative outcome scores, the tender ACJ group
demonstrated comparable improvement in outcome scores
to that in the nontender ACJ groups. Third, due to the lack of
routine postoperative ultrasound to evaluate RCR integrity for

all the patients, the re-tear rates were not analyzed amongst
the groups.

CoNCLUSIONS

This study shows that the ACJ tenderness and ACJ arthritis
have no effect on the outcome of RCR without DCE in the
short-term follow-up. Furthermore, the patients with ACJ
tenderness have higher incidence of LHBT tendinopathy in
patients with degenerative RCT.
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Case Report

Management of Pipkin Type 3 Fracture-Dislocation in Young
Adults: A Dilemma

Bushu Harna, Rishabh Saini’, M. C. Saini’
Department of Orthopaedics, Max Super Speciality Hospital, New Delhi, 'Saini Orthopaedic Superspeciality Centre, Meerut, Uttar Pradesh, India

Pipkin type 3 fracture-dislocation constitutes a rare subgroup of fractures involving the femoral neck and head fracture. The management is
difficult and controversial, including osteosynthesis using Herbert or cancellous screws and hip replacement surgery. In this case report, a
26-year-old male suffered a road traffic accident leading to a hip fracture. Radiographs and computed tomography scan of the hip depicted
three large fragments of the femur head, dislocated posteriorly along with the neck of femur fracture. Considering the needs of the patient,
fracture morphology, and unpredictable results of the osteosynthesis, the patient was treated primarily with uncemented total hip replacement.
The complexity of the fracture leads to more chances of malreduction and avascular necrosis of the femur head. The patient had an uneventful
intra and postoperative period. At the 3-year follow-up, the patient was walking unaided, pain-free, and performing all the activities of daily

living satisfactorily.

Keywords: Avascular necrosis, nonunion, osteosynthesis, Pipkin fracture, total hip replacement

INTRODUCTION

Pipkin fractures are caused by high-energy trauma, especially
in polytrauma patients affecting younger people.! Only
Pipkin type 3 injuries contain ipsilateral fractures of the
femoral neck. They are the least common of Pipkin fractures
representing 8.6% of femoral head fractures.™ This not only
increases the difficulty to reconstruct the femoral head but
also adversely affects the vascular supply to the femoral
head, leading to avascular necrosis (AVN) of the femoral
head. All these factors lead to worse functional outcomes in
Pipkin type 3 fracture.? The treatment option includes the
replacement arthroplasty or reconstruction of the femoral head
using Herbert and cancellous screws. The dilemma is still on
regarding osteosynthesis and total hip replacement (THR) in
young individuals with Pipkin type 3 fractures. The literature
is still not clear, and no guidelines could be formulated
regarding the standard of treatment in such cases. There are
various advantages and disadvantages of osteosynthesis and
replacement arthroplasty, which need to be weighed according
to each patient. As of now, the surgery is based on the surgeon’s
and the patient’s expectations. Many surgeons perform only
osteosynthesis in this type of fracture, whereas others prefer
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replacement arthroplasty. We present a case of a 26-year-old
male with Pipkin type 3 fracture treated with THR with good
functional outcome in 3-year follow-up. The case will enrich
the literature and philosophy of replacement arthroplasty in
Pipkin type 3 fractures.

Case Report

A 26-year-old male suffered a road traffic accident leading
to head and right-side hip trauma. The mechanism of injury
involves the fall of a motorcycle on the right lower limb of
the patient after being hit by the car. The patient presented to
the emergency in a conscious and hemodynamically stable
condition. Radiographs of the pelvis and right hip revealed
femoral head and neck fractures [Figure 1]. Computed
tomography scan with a three-dimensional reconstruction of the
right hip depicted Pipkin type 3 fracture-dislocation [Figure 2].

Address for correspondence: Dr. Bushu Harna,
Room No. 504, Kotla, New Delhi, India.
E-mail: bushu.edu@gmail.com

Revised: 10-Dec-2022
Published: 10-Mar-2023

Submitted: 27-Sep-2022
Accepted: 31-Dec-2022

Thisis an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to
remix, tweak, and build upon the work non-commerecially, as long as appropriate credit
is given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Harna B, Saini R, Saini MC. Management of
Pipkin type 3 fracture-dislocation in young adults: A dilemma. J Arthrosc
Jt Surg 2023;10:25-8.

.@ 2023 Journal of Arthroscopy and Joint Surgery | Published by Wolters Kluwer - Medknow




Harna, et al.: Management of pipkin fracture in young patients

Figure 1: A radiograph (AP view) of the right hip depicting
fracture-dislocation of the femoral neck and head with a large posterior
fragment. AP: Anteroposterior

The femoral head was fractured into three large fragments with
posterior hip dislocation. Because of the femoral neck fracture,
reduction of the hip was not feasible and not attempted. After
assessing the complexity of the fracture pattern, increased risk
of AVN of the femoral head, and the needs and expectations
of the patient, THR was considered the primary treatment
modality. The patient was planned for operative intervention
3 days later. A posterolateral approach was used, and the
femoral head was found to be fractured into three large
fragments [Figure 3]. The head of the femur was split coronally,
with the fragment dislocated posteriorly and a smaller fragment
fractured from the superior-anterior aspect of the head. The
coronally split anterior segment of the femoral head was further
fractured into smaller fragments and was lying in the acetabular
cavity, whereas the larger posterior fragment of the femoral
head was lying out of the acetabulum in the posterosuperior
aspect. The neck of the femur was fractured 5 mm from the
upper border of the lesser trochanter. The fracture involved
more than 30% of the femoral head. The neck cut was taken
from the fractured site. The posterior capsule was avulsed from
the acetabular margin with the contusion of the surrounding
muscles. The acetabular articular cartilage on the posterior wall
was avulsed at various places with many abrasions. Though
there was no free acetabular cartilage fragment in the hip joint.
Uncemented THR using 52 size acetabular cup and 12 size
stem was used (Smith and Nephew: Reflexion cup and legend
stem with 32 mm ceramic head). Posterior capsular repair and
muscles (short external rotators and piriformis) were sutured
to the bone to strengthen the posterior aspect. Postoperatively,
radiograph was done depicting optimal implant positioning and
alignment. The patient was mobilized on the 1% postoperative
day with a walker. After 6 weeks, the patient was able to
mobilize without any support and perform activities of daily
living up to his satisfaction. The patient was pain-free and able
to perform all the activities of daily living independently. At
36 months of follow-up, a radiograph [Figure 4] depicts the
proper implant position, and the patient is able to walk pain-free

Figure 2: Noncontrast CT (3D reconstruction) of the pelvis with both
hips showing anterior and posterior views. 3D: Three-dimensional, CT:
Computed tomography

without support performing occupational activities as well. The
Harris Hip Score was 88 depicting a good functional outcome
at the final follow-up.

Discussion

Femoral head fractures are mostly suffered by young adults,
and the most common mechanism is dashboard injury suffered
during road traffic accidents.®! Femoral head fractures have
a poor prognosis.4! In Pipkin type 3 fracture, the force of
impact is high enough to cause a fractured neck of the femur
and transmission of forces further to cause injury to the femoral
head. Such high-velocity trauma is associated with other
injuries which may lead to life-threatening conditions.®! It is
widely accepted that the prognosis of these injuries is worse
than the other types of Pipkin fractures.® The viability of the
femoral head depends on the timely and successful reduction.

The hip dislocation, along with the femoral head and neck
fracture, further compromises the blood supply and viability
of the femoral head. These fractures increase intracapsular
pressure, direct disruption, and kinking of the veins,
subsequently decreasing femur head perfusion and vascularity.
The delay in injury and management was more than 6-8 h,
which is recommended for an optimized good outcome.?”
The first step in management involves the reduction of hip
dislocation. This cannot be performed successfully in Pipkin
type 3 fracture, as the neck of the femur is not in continuity
with the shaft of the femur.®® Moreover, the dislocated femoral
head is fractured, and the fragments tend to resist the reduction.
The overall injured condition of the patient also does not allow
many attempts of reduction. Restoration of hip biomechanics
and viability of the femoral head, in the long run, is the goal of
Pipkin fracture management. Osteosynthesis of these fractures
can lead to survival and sphericity of the native femur head,
which is the best for the biomechanics and functioning of the
hip. Open reduction and fixation of the femoral head have been
the conventional management method for Pipkin fractures.
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Figure 3: Fragments of the femur head with the neck

The modified Smith-Petersen approach, and nowadays, safe
surgical dislocation of the hip® are commonly used surgical
approaches used to preserve the vascularity of the femoral
head while fixing these fractures.

Stannard et al.l’? recommend osteosynthesis for such fractures
with an emphasis on anatomic reduction and rigid fixation of
the fracture. Such anatomic reduction and rigid fixation were
not possible in every case. If possible, then osteosynthesis of
Pipkin type 3 fracture can be an optimal option. Nonanatomic
reduction of the femoral neck fracture leads to a poor
prognosis,*? and here, we were considering an anatomic
reduction in a much more complex fracture. The case report by
Zhao et al.™ depicted osteosynthesis of Pipkin type 3 fracture
with complicated acetabular fracture. The young age of the
patient and the presence of transverse acetabular fracture negate
hip replacement in that patient. There are higher complication
rates (10%-40%), including the development of AVN within
2 years and a 20% risk of osteoarthritis within 5 years following
conservative management.l*? The failure rates can be as high
as 59% even after the internal fixation of a femoral neck
fracture,*®! later requiring replacement arthroplasty. Keeping
all the anatomic factors, patient requirements as well as the
development in the hip arthroplasty implant, THR seems a
good option to deal with the difficulties in the management of
Pipkin type 3 fractures. It seems logical as THR is being used
in young patients for the end-stage hip disease of nontraumatic
etiology with a good outcome. Uncemented implants with
highly crossed polyethylene liners increase the durability of
the implant in young patients. In nonelderly patients with
hip fractures undergoing osteosynthesis, only 25% recover
fully®™ whereas 35% of such patients do not return to work.**
One-third of such patients had fair-poor Oxford Hip Scores
even after 12 months of the surgery.i®l

According to the review article by Polkowski et al,®"
the outcome of uncemented THR in very young patients
(<30 years) with uncemented implants is excellent. The
study by Clohisy et al.l*® included 102 hips with a mean age
of 20 years. The revision rate was 7% in view of dislocation,

Figure 4: Postoperative radiograph at 3-year follow-up

polyethylene wear, and infection in this study over the mean
follow-up of 4.2 years; no revision was done for the stem.
Various bearing surfaces were used in this study. The study by
Restrepo et al.* included 35 hips (mean age of 17.6 years)
with a mean follow-up of 6.6 years. The revision rate was
2.9%, mainly due to polyethylene wear. THR in young adults
is associated with higher revision rates due to loosening
of the cup,? polyethylene wear, and dislocations. Tonetti
et al.[% reported only four Pipkin type 3 fractures of the total
of 110 cases. All four were ultimately treated by THR, one was
done primarily, and three Pipkin fractures were later converted
to THR. In the study by Scolaro et al.,’? there were 13 type 3
fractures of the total of 147 Pipkin injuries. Osteosynthesis
was done in all the cases, and fixation failed in due course of
time. Later on, THR was the only treatment option and was
performed in all the cases. Similar conclusions and results
were reported in a retrospective analysis by Yu et al.?? in
a case series of six type 3 fractures of 19 Pipkin fractures.
Guimaraes et al.®! treated two Pipkin type 3 patients (ages
30 and 32 years) with THR as primary surgery.

Moreover, salvage THR following internal fixation of
the femoral neck fractures has a significantly increased
complication rate (infection, dislocation, and periprosthetic
fracture) compared to a primary THR for these fractures.?¥
The complexity of salvage THR poses problems regarding
the distortion of normal anatomical landmarks for THR,
deformities at the hip joint, and implant-related problems,
including removal of the implant, which can lead to poor
bone stock and disuse osteoporosis. THR can save productive
years for the young patient. Squatting and cross leg sitting is
a concern in a few THR patients, especially in South-East
Asia, but this patient could manage activities of daily living
without squatting and cross leg sitting. Stem cells, vascularized
bone grafts, muscle pedicle grafts, and bone grafts are used
in the management of the early stages of AVN of the hip and
nonunion neck femur fracture. All these techniques can be used
to manage the complications arising from the osteosynthesis
in Pipkin fractures, but none is used as per se in primary
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management. Based on all this evidence in favor of THR
in Pipkin type 3 fracture, we performed arthroplasty on this
patient. The expectations of patient including early pain-free
mobilization, one-time surgery and early return to work were
considered. Even being a young patient, we resort to THR as
the primary treatment modality keeping in mind the prime
age of the patient for career and personal development, high
chances of AVN of the femoral head, nonunion of fracture,
surgical difficulty in osteosynthesis as well as later the need
of salvage THR. At the 36-month follow-up, the patient could
walk freely and perform daily activities with no pain and limp.

CONCLUSION

We conclude that the primary THR can be a good option
in Pipkin type 3 fracture, even in young patients. This not
only negates the consequences of malreduction of fracture,
AVN of the femoral head, slow rehabilitation, and difficult
surgery for osteosynthesis but also provides satisfactory and
predictable results for the patients. THR gives a one-time
solution to the problems and consequences faced in the
treatment of Pipkin type 3 fracture-dislocation. It not only
reduces the chances of resurgery but also gives a functional
hip to a young patient during the productive years of his/
her life. However, THR should be done at this young age,
keeping in mind the need for revision later in life. Although
there is longer survivorship of the implant now because of
better design. There is a restriction on certain activities after
THR, which should be discussed in detail with the patient
beforehand. A well-done THR in such fracture patterns
can be a great solution to various problems faced in the
management of Pipkin type 3 fracture-dislocation, even in
young adults.
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Case Report

Aspergillus Hip Arthritis in COVID-19 Era: Two Case Reports

Ravikumar Mukartihal, Rajdeep Das, Bharath S. Krishna, Sharan S Patil
Department of Trauma and Orthopedics, Sparsh Hospital for Advanced Surgeries, Bengaluru, Karnataka, India

Corticosteroids have been a mainstay in the treatment protocols and guidelines of COVID-19. However, its use in high dosage or for extended
duration renders patients immunocompromised after COVID-19 recovery, and thus, susceptible to secondary opportunistic infections. We
report the two cases of septic hip arthritis due to Aspergillus species in corticosteroid immunosuppressed post-COVID-19 patients. One patient
recovered successfully from the arthritis and subsequently underwent total hip arthroplasty with good outcome. The second patient presented
late to us in a critical condition and had two comorbid conditions along with, due to which, in spite of all measures, could not be revived and
succumbed to death. We highlight the issue of the rare cause of fungal hip arthritis in immunosuppressed post-COVID-19 patients and stress
the necessity to remain vigilant and identify the causative organisms correctly, especially fungal pathogens in such susceptible populations

in the present COVID-19 era.

Keywords: Aspergillosis, Aspergillus flavus, Aspergillus fumigatus, Aspergillus infection, COVID-19, immunosuppression, infectious

arthritis, post-COVID conditions, septic arthritis

INTRODUCTION

The rampant administration of high-dose systemic
corticosteroids in COVID-19 patients in this pandemic roots
from evidence that witnessed the benefits of glucocorticoids
in severe COVID-19 requiring respiratory support, where
its correct use may decrease fatal outcomes.*? However,
high corticosteroid dose or extended usage must be weighted
with the risk and benefit of primum non nocere.F! The
overdrive of corticosteroids in the treatment of COVID-19 is
largely accountable for the marked increase in opportunistic
infections, especially patients with comorbidities and/or
underlying disease conditions. Among the opportunistic
infections, fungal infections account for the most case reports
in COVID-19 patients.[ Although COVID-19 associated
pulmonary aspergillosis is widely reported and acknowledged
as a complication, osteo-articular manifestations of invasive
aspergillosis are sparsely described in the literature.

Aspergillus septic arthritis is one such rare, severe, and in
some cases, life-endangering variety of extrapulmonary
invasive aspergillosis infection occurring mainly in
immunocompromised patients.[! No specific clinical
manifestations can differentiate Aspergillus arthritis from
septic arthritis due to bacteria or other pathogens. Early
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recognition plays a critical part in mortality and mortality,
devolves on the identification of vulnerable immunosuppressed
population with symptoms of fever, pain, joint tenderness,
along with local signs of inflammation,® and warrants urgent
further evaluation of septic etiology. We describe here two
cases of Aspergillus septic arthritis of the hip occurring in
immunosuppressed post-COVID-19 patients at a tertiary
orthopedic center and review the relevant literature.

Case RePorTs

Case 1

A69-year-old male patient presented with complaints of severe
pain, restriction of movements, and inability to bear weight on
the left hip for the last 1.5 months. The symptoms were insidious
in onset and progressive, with pain radiating to the ipsilateral
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knee. There was an associated history of low-grade fever and
the presence of constitutional symptoms without any history of
weight loss. There was no history of any preceding trauma or
comorbidities. Past history of the patient elaborated on a history
of repeated treatment with steroids due to severe COVID-19
infection 2.5 months and polymyositis 6 months before the
onset of present complaints. The patient had been hospitalized
for 10 days for severe COVID-19 infection when he had been
administered intravenous (IV) steroids and subsequently
discharged on the tapering dose of oral steroids. The patient
had had a history of weakness of bilateral proximal thighs and
arms when he was diagnosed with polymyositis and treated
with tapering dose of oral steroids. Examination revealed body
temperature 100.8°F, anterior hip point tenderness, mild joint
swelling, and muscle spasm with global restriction of joint
movement, without any erythema or local rise of temperature.
X-ray showed features of septic arthritis [Figure 1]; laboratory
results and synovial fluid analysis are shown in Table 1. As
synovial fluid showed growth of Aspergillus fumigatus, urgent
arthrotomy, debridement [Figure 2] with excision arthroplasty
and gentamicin-loaded cement spacer for left hip was
planned [Figure 3]. Tissue culture was also negative for any
bacteria or Mycobacterium tuberculosis (MTB) and yielded
growth of A. fumigatus. Computed tomography-scan chest did
not show any foci of pulmonary invasive aspergillosis, and
there was neither manifestation nor any history of cutaneous
or any other source of primary Aspergillosis. The diagnosis
was confirmed to be primary Aspergillus septic hip arthritis
in a post-COVID-19 steroid immunosuppressed patient. After
consultation with Infectious Disease Specialist Committee,
the patient was started on oral posaconazole 300 mg twice
daily on day 1, followed by 300 mg once daily. The patient
was having uneventful and good recovery from Aspergillus
arthritis when he suddenly developed acute decompensated
heart failure 1.5 months thereafter. He was diagnosed with

Figure 1: X-ray pelvis with both hips-Anteroposterior view showing gross
destruction and resorption of the left femoral head with superior migration
of the proximal femur. The supero-lateral weight bearing portion of the
left acetabulum shows osteolysis with ill-defined acetabular margin.
Juxta-articular osteoporosis is noted around the left hip joint

double-vessel coronary artery disease with severe left
ventricular dysfunction; for which, coronary angiogram with
percutaneous transluminal coronary angioplasty (PTCA)
with stenting of proximal left coronary artery was done. The
patient was continued on posaconazole prophylaxis for a total
duration of 6 months. Left total hip arthroplasty (THA) was
undertaken 6 months after PTCA after all clinical, radiological,
and laboratory markers were normal. Intraoperative tissue
cultures and biopsy did not yield any fungal organisms. The
patient is doing well 1-year post-THA with painless free range
of motion with no signs of recurrence. Follow-up X-rays are
shown in Figure 4.

Case 2

A critically ill 74-year-old male patient was referred to our
center with complaints of fever, pain in the left hip, inability
to bear weight on affected hip and rapid deterioration of health
condition for 15 days, when he was admitted at a primary
center and diagnosed with Pseudomonas aeruginosa septic hip
arthritis, and treated with antibiotics. The patient was a known
case of chronic liver disease (CLD) with portal hypertension
and chronic kidney disease (CKD). The patient suffered from
COVID-19 infection 3 months before the onset of present
complaints. The patient was hospitalized for 22 days for
COVID-19 treatment with noninvasive mechanical ventilation,
steroids and 1V antibiotics, when his CLD and CKD stages
deteriorated. On examination, patient was drowsy, with
Glasgow coma score E,M,V,, with heart rate of 110 beats/
min, SpO, 92% room air, respiratory rate 20/min, temperature
101.2°F, pitting pedal edema, flapping tremor, bilateral basal
lung crepitation, and splenomegaly with abdominal free fluid.
Left hip examination revealed anterior hip point tenderness,
joint swelling, localized rise of temperature, and global
restriction of joint movement, without erythema. X-ray showed
features of septic arthritis [Figure 5]. Laboratory results and
synovial fluid analysis are shown in Table 1. Patient was
diagnosed with Grade I hepatic encephalopathy associated with

Figure 2: Intraoperative picture during debridement of the left hip. There
was loss of soft-tissue planes. Capsule was adherent to the bone with
surrounding unhealthy granulation tissue. There was no frank pus.
Complete femoral head destruction and cavitary deformity with osseous
destruction on weight-bearing surface in the acetabulum were observed
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Table 1: Laboratory findings of two Aspergillus septic hip arthritis patients

Laboratory investigation (normal reference range) Value
Case 1 Case 2
Hemoglobin: 13-16 (g/dL) 11.7 9.2
WBC: 4000-11,000 (/mm?) 14,660 20,810
Differential leukocyte count (%)
Neutrophil: 45-75 78.80 92.70
Lymphocyte: 25-45 12.90 4.60
Eosinophil: 1-8 2.50 0.00
Basophil: 0-1 0.10 0.00
Monocyte: 0-10 5.70 2.70
Platelet: 1.5-4.5 (lakhs/mm?) 2.54 1.06
ESR: 0-15 (mm at end of 1 h) 60 85
C-reactive protein: 0-6 (g/L) 40.8 102.7
Procalcitonin: <0.5: Low risk of severe sepsis, >0.5-<2.0: - 4.37
Moderate risk of severe sepsis, >2.0-<10: High risk of
severe sepsis, >10.0: Severe sepsis/septic shock (ng/mL)
PT: 11.2-14.8 (s) 12.8 20.2
INR: 0.8-1.13 1.10 2.3
aPTT: 25.9-39.3 (s) 28.2 53.4
Rheumatoid factor Negative Negative
Anti-cyclic citrullinated peptide Negative Negative
Anti-nuclear antibody Negative Negative
Anti streptolysin O titer: 0-200 (IU/mL) <200 <200
Synovial fluid analysis
WBC 42,700 94,300
Neutrophils (%) 85.2 94.7
Gram stain Occasional pus cells, no organism Plenty pus cells, gram negative bacilli
AFB smear Negative Negative
Aerobic culture No growth P. aeruginosa
Anaerobic culture No growth No growth
Fungal culture A. fumigatus A. flavus
Semi-nested real time PCR MTB not detected MTB not detected
Blood culture No growth No growth
Serum galactomannan Negative Negative

Urine analysis
Routine examination
Culture
Renal function test
Urea: 11-43 (mg/dL)
Creatinine: 0.66-1.25 (mg/dL)
Sodium: 135-145 (mmol/L)
Potassium: 3.5-5.1 (mmol/L)
Liver function test
Total bilirubin: 0.2-1.3 (mg/dL)
Direct bilirubin: 0-0.3 (mg/dL)
Total protein: 6.3-8.2 (g/dL)
Albumin: 3.5-5 (g/dL)
ALT: 5-50 (U/L)
AST: 17-59 (U/L)
ALKP: 38-126 (U/L)
GGT: 15-73 (U/L)
Serum HIV-1,2 antibody
Serum HbsAg
Serum anti-HCV

Normal study
No growth

25.60
0.85
137.00
3.90

0.80

0.20

7.80

4.20

35.0

37.0

108

18
Nonreactive
Nonreactive
Nonreactive

Occasional pus cells and epithelial cells albumin 1+
No growth

154.90
1.70
139.00
4.90

3.00

1.20

6.10

2.20

75.0

89.0

151

71
Nonreactive
Nonreactive
Nonreactive

WBC: While blood cell count, INR: International Normalized Ratio, PT: Prothombin time, aPTT: Activated partial thromboplastin time,

ESR: Erythrocyte sedimentation rate, HCV: Hepatitis C virus, HbsAg: Hepatitis B surface antigen, PCR: Polymerase chain reaction,

ALT: Alanine transaminase, AST: Aspartate transaminase, GGT: Gammaglutamyltransferase, ALKP: Alkaline phosphatase, MTB: Mycobacterium
tuberculosis, A. fumigatus: Aspergillus fumigatus, A. flavus: Aspergillus flavus, P. aeruginosa: Pseudomonas aeruginosa
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Figure 3: Immediate postoperative X-ray after debridement and excision
arthroplasty with gentamicin cement spacer insertion. The entire diseased
femoral head and neck was excised, along with the diseased portions
of the acetabulum

Figure 5: X-ray pelvis with both hips-Anteroposterior view showing gross
destruction and resorption of the left femoral head with superior migration
of the proximal femur. The supero-lateral weight bearing portion of the
left acetabulum shows osteolysis with ill-defined acetabular margin.
Juxta-articular osteoporosis is noted around the left hip joint

decompensated CLD, acute on CKD, and left hip septic arthritis.
Urgent arthrotomy, debridement [Figure 6] with excision
arthroplasty, and gentamicin spacer insertion were done for
left hip [Figure 7]. Tissue culture analysis showed scanty
growth of P. aeruginosa. In addition, fungal culture showed
growth of Aspergillus flavus. Primary foci of Aspergillosis
could not be ascertained; so it was diagnosed with a primary
pseudomonas with Aspergillus septic hip arthritis. Infectious
Disease Specialist Committee Consultation was taken and
patient was started on sensitive drugs-1VV Meropenem 1 g IV
g8 h along with oral posaconazole 300 mg twice daily on day 1,
followed by 300 mg once daily. However, the patient continued
to deteriorate in spite of treatment and succumbed to death after
16 days due to deterioration of liver and kidney status.

a i i b

Figure 4: X-ray of the pelvis with both hips-Anteroposterior view
(@) and X-ray left hip-lateral view (b) at 1 year follow-up after left total
hip arthroplasty of the patient showing good alignment, positioning, and
fixation of the components

Figure 6: Intraoperative picture during debridement of the left hip. There
was loss of soft-tissue planes. Capsule was adherent to the bone with lot
of infected granulation tissue. There were the pockets of seropurulent pus.
Complete femoral head destruction and cavitary deformity with osseous
destruction on weight bearing surface in the acetabulum were observed.
All the bones were osteoporotic

Discussion

Invasive fungal infection has been progressively attributed
as a late sequelae of COVID-19.15 High levels of
pro-inflammatory (interleukin-1, 2, 6, and tumor necrosis
factor-alpha) and anti-inflammatory (interleukin-4, 10)
cytokines, less CD4 interferon-gamma expression, and
fewer CD4 and CD8 cells which makes them vulnerable to
opportunistic fungal infections.[”? An exponential increase in
the incidence and mortality rates of invasive fungal infections
is reported among COVID-19 survivors, especially whoever
received immunosuppressive therapies or who had underlying
conditions.®&11 Although Aspergillus is the most common fungus
isolated from COVID-19-infected patients,*” there is no literature
about COVID-19 associated Aspergillus septic hip arthritis till
date. This is the first report of primary Aspergillus septic hip
arthritis in immunosuppressed post-COVID-19 patients.
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Figure 7: Immediate postoperative X-ray after debridement and excision
arthroplasty with gentamicin cement spacer insertion. The entire diseased
femoral head and neck was excised, along with the diseased portions
of the acetabulum

Aspergillus species have ubiquitous distribution, affecting
males predominantly and are commonly associated with
immunosuppression, debilitating conditions such as chronic
granulomatous disease, solid organ or bone marrow
transplantation, chemotherapy, IV drug use, diabetes mellitus,
or malnutrition.*?3 |t also occurs in patients undergoing
surgical interventions,*2*3l immunocompetent individuals,**
and also in co-infection with tuberculosis (TB).!* Aspergillus
infection spreads hematogenously, by contiguous infective
foci, and by inoculation in the case of surgeries or trauma. 213!
There has been a steady rise in Aspergillosis with >200,000
life-threatening infections due to invasive aspergillosis
happening worldwide per year.l*! However, osteo-articular
complications of invasive aspergillosis are still not well
understood because of the scarcity of Aspergillus septic arthritis
cases reported so far in the literature.®*317 A total of 35 cases
from 29 patients suffering from Aspergillus species arthritis
of native joints were identified from PubMed and MEDLINE
databases between the years 1976 and 2021.1% A. fumigatus was
the most common organism isolated, followed by A. flavus,
Aspergillus terreus and not further specified.® Our literature
search revealed only four cases of Aspergillus septic hip
arthritis till date*#51819 [Table 2]. Diagnostic methods and
technical and management guidelines are hence based on
limited information.®

Swelling, pain, and tenderness of involved joint in Aspergillus
arthritis are the most common clinical manifestations;
fever, edema, erythema, and decreased range of motion
are less common findings.[*2%% In septic arthritis where
culture is negative for bacteria, substantial clinical acumen
for fungal pathogens must be present, particularly for
immunocompromised patients. Because of the rarity,
orthopedicians must be trained to diagnose these infections
through studies featuring their symptoms, severity, treatment,
and outcome.®!

Arthrocentesis and open biopsy are the most common tools
for definite diagnosis of Aspergillus arthritis as fluid culture
detects all cases; peri-articular culture of bone tissue is also
highly sensitive.l'¥ Synovial fluid can be clear, turbid, or
serosanguineous. Inflammatory markers may be elevated.”)
Even in positive fungal culture, TB must always be ruled out
for TB-endemic countries.*®

Treatment strategy is multidisciplinary based upon a combination
of surgical drainage of joints, debridement of the necrotic bone
and cartilage to reduce the fungal burden, and systemically
active extended antifungal treatment.l? Surgical irrigation and
debridement is almost always mandatory.*? We used local
low-pressure pulsatile suction-irrigation using 4 1 0.9% normal
saline, followed by 100 ml of 3% hydrogen peroxide, 100 ml of
10% povidone-iodine, and finally 2 1 0.9% normal saline after
surgical debridement for both the cases because a combination
of pulsatile lavage, hydrogen peroxide, and povidone-iodine is
more effective in reducing the microbial count.

2016 practice guidelines for the diagnosis and management
of Aspergillosis recommend voriconazole for the primary
treatment of Aspergillus septic arthritis.?? In a double-blind,
double-dummy, Randomized Control Trial (RCT) in 2021,
Maertens et al. concludes that posaconazole is noninferior to
voriconazole for the treatment of invasive Aspergillosis and
has significantly fewer treatment-related adverse events.[*!
Posaconazole is a very potential drug for the treatment of
Aspergillus arthritis and is even susceptible and suitable
for Aspergillus species which demonstrate resistance to
Amphotericin B, Itraconazole, and Voriconazole.[?42%
Posaconazole is generally well-tolerated, widely distributed
in the body, undergoes liver metabolization with no
significant renal effects. Adverse events are generally mild. %
Posaconazole is even appropriate for patients unable to tolerate
long-term therapy with other antifungals.?” We also found
very satisfactory results with the use of Posaconazole for the
treatment of Aspergillus septic arthritis and propose further
research for the validation of the same.

Literature about joint reconstruction after fungal septic
arthritis is exceedingly sparse; and thus, no protocol has been
developed for joint arthroplasty after fungal infections.i?%
Two stage joint reconstruction with antibiotic-loaded cement
spacer technique is a familiar and acclaimed protocol in
periprosthetic joint infection management and is presently also
acquiring evidence for the treatment of septic arthritis. It also
benefits candidates with advanced joint degeneration before
infection. Patients treated with a staged antibiotic-loaded
cement spacer before joint arthroplasty report decreased
re-infection rates, lesser contractures due to head and neck
resection, and superior leg length maintenance and functional
scores.?82% The final stage of joint arthroplasty also becomes
simpler with lesser intraoperative blood loss. Most
studies recommend proceeding with final arthroplasty when
the wound is completely healed and C-reactive protein is
normalized.B!
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Table 2: Case reports of Aspergillus septic hip arthritis described in English literature

Year Authors Gender/age Aspergillus  Joint Immunosuppressive Other site of Symptoms Treatment
(years) species affected conditions/medications Aspergillosis
1990 Lagierl® Male/64 Aspergillus  Right Nil Nil Painful Total hip replacement
(Histological species hip stiffness
study)
2012  Figue'res Male/43 A. fumigatus Lefthip  Pancreas-kidney Nil - Oral Voriconazole 200
et al.ltd transplantation for type 1 mg bid, 50% reduction of
diabetic nephropathy tacrolimus dose
Maintenance therapy: Hip replacement after 6
Tacrolimus (5 mg bid) months of initiation of
and mycophenolate \oriconazole
mofetil (500 mg bid)
2015 Yoon Female/49 A. fumigatus  Right Nil Undiagnosed  Pain, Intravenous amphotericin
et al.t4 hip recurrent limited B for 2 weeks, followed
pulmonary range of by Oral Voriconazole for
Aspergillosis motion 6 months
THA after 9 months
2016  Kumar Male/60 A. flavus, Right Angioplasty, type 2 Nil Pain right Intravenous Voriconazole
et al.t’% MTB hip, right  diabetes mellitus hip and 200 mg bid 2 weeks
knee gluteal followed by Oral
region, Voriconazole 200 mg bid
fever,low  Daily regimen anti-TB
back pain  treatment

MTB: Mycobacterium tuberculosis, A. fumigatus: Aspergillus fumigatus, A. flavus: Aspergillus flavus, TB: Tuberculosis, THA: Total hip arthroplasty

In our opinion, modern two stage hip reconstruction with
cement spacer is safe and effective in Aspergillus septic hip
arthritis. Final stage THA can be carried out once the infection
is cleared clinically, hematologic and biochemical marks are
normal and if the patient has persistent pain and/or other
symptoms of arthritis. We found a good outcome with THA
in our patient, similar to the previous reports.+! [Table 2]
which report favorably for hip replacement in Aspergillus
arthritis sequelae.

CoNncLusIoN

Immunosuppression is a very important clinical entity in
the present post COVID-19 pandemic era, and it should be
kept in mind while evaluating post COVID-19 patients in
orthopedics. The use of corticosteroids and various other
immunosuppressant drugs for COVID-19 treatment renders
patients susceptible to various secondary invasive opportunistic
infections. Aspergillus septic arthritis of the hip is a very rare
condition that may develop de novo or as a superadded entity
in immunosuppressed patients who had a prior history of
COVID-19 infection. These cases emphasize the necessity of
being vigilant about opportunistic fungal infections and stress
upon performing fungal cultures routinely in septic arthritis in
immunosuppressed patients. Prompt diagnosis and intensive
management in the form of surgical debridement along
with systemically active prolonged antifungal therapy with
serial monitoring are prerequisite for a successful outcome.
Posaconazole can be an alternative to voriconazole in the
treatment of Aspergillus arthritis. Two-stage joint reconstruction
with cement spacer is safe and effective in the treatment of
Aspergillus septic hip arthritis. THA can be carried out in such
patients after proper control of infection and carries good result.
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Case Report

Primary Arthroscopic Bicruciate Repair in Multiligamentous
Knee Injury with Ipsilateral Long Bone Fracture

Prahalad Kumar Singhi, Ajay Gowtham Amutham Elangovan, Sivakumar Raju
Department of Orthopedics, Preethi Institute of Medical Sciences, Madurai, Tamil Nadu, India

Long bone fractures and multiligamentous knee injury (MLKI) have a firm relationship. Primary arthroscopic bicruciate repair along with long
bone fixation has not been reported hitherto. Here, we report two cases of long bone fracture with MLKI treated with long bone fixation and
primary arthroscopic bicruciate repair with open lateral collateral ligament repair for one patient. Both patients had good clinical outcomes at
1-year follow-up. With the present-day advancements in the field of arthroscopy, there is a place for primary arthroscopic ligament repair in

specific tears along with long bone fixation.

Keywords: Long bone fracture, multiligamentous knee injury, primary arthroscopic bicruciate repair

INTRODUCTION

The majority of long bone fractures of the lower limb are
typically due to high-energy trauma and are inadvertently
associated with intra- and extraarticular knee injuries.i!!
Identification and intervention of these injuries are of prime
importance due to their direct correlation with clinical
outcomes. Although plenty of research is available on the
incidence of knee ligament injury following long bone
fractures,? less is talked about their primary management.

Multiligamentous knee injury (MLKI) leads to persistent
pain and instability on the failure of appropriate early
treatment. A long bone fracture with supplemented MLKI
delays rehabilitation and escalates patient morbidity.
Although the incidence is <0.02% of orthopedic injuries,
surgical treatment is highly recommended. The gold standard
treatment of MLKI whether to repair or to reconstruct still
remains debatable. In MLKI early reconstruction procedures
have higher odds of arthrofibrosis and donor-site morbidity.
Although the primary fixation of bony avulsions of cruciates
is well established in the literature, primary treatment of
soft tissue avulsions still remains a controversy. In the early
1970s, open repair was performed followed by the usage of
synthetic graft materials, all having abysmal outcomes with
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high rerupture rates. In modern days, we see a resurgence
of interest in primary anterior cruciate ligament (ACL)
repair owing to advances in arthroscopic techniques,
orthobiologics, rehabilitation protocols, and advantages
such as preservation of native ligament, proprioception,
and decreased donor morbidity.®! After institutional ethics
clearance, we discuss two cases of long bone fracture with
ipsilateral MLKI treated with long bone fixation and primary
bicruciate repair.

Case RePoRrTs

Case 1

A22-year-old male sustained an injury to the right thigh and
knee following an Road Traffic Accident (RTA). Radiology
revealed shaft of femur fracture and avulsion fracture of the
fibular head with reverse Segond fracture. On day 1, he was
taken up for femur closed reduction and fixation rotation
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with Intramedullary interlocking nail (IMIL) nail. Following
fixation of femur, he had gross anterior, posterior, and varus
instability [Video 1]. Magnetic resonance imaging (MRI) of
knee joint revealed femoral soft tissue avulsion of posterior
cruciate ligament (PCL) with tibial avulsion of ACL (Modified
Sherman’s Type V) and fibular head avulsion. On day 4, he
was taken up for stage two procedure. Diagnostic arthroscopy
revealed ACL and PCL avulsion tears [Figure 1]. Using
No. 2 fiber wire, two suture lasso stitches were taken on
the ACL with the help of a knee scorpion needle and pulled
out through 2-mm tibia tunnels on either side of the tibial
footprint of ACL and secured on the tibial side by suture bridge
technique [Video 2]. Similar stitches were taken on the PCL
with No. 2 fiber wire and pulled out through the femoral side
through a 4-mm tunnel at the femoral footprint of the PCL
and secured with 4-mm cancellous screw as post. Through
lateral approach to the knee, the fibula head was exposed and
common peroneal nerve neurolysis was done. The fibular head
avulsion fracture was fixed with 4-mm cancellous screw and
lateral retinaculum was repaired. Postoperative stability was
found to be good [Video 3]. Standard rehabilitation protocol
with knee ROM from day 1 was executed [Table 1]. Regular
follow-up at the 4-week interval was done up to 1 year.
Fracture healed well and stability was good with Lysholm
score of 92 [Figure 2].

Case 2

A 19-year-old male presented with shaft of tibia fracture and
knee X-ray showed an avulsion fracture of the PCL confirmed
with computed tomography of the knee [Figure 3]. On day
1, the patient was planned for tibia nailing with arthroscopic
PCL fixation. Through the transpatellar approach, tibia nailing
was done. Evaluation after fixation showed gross anterior and
posterior instability [Video 4]. Diagnostic arthroscopy showed
complete avulsion of the ACL from the tibial attachment site
and a lax PCL [Video 5]. ACL repair was done using a similar
technique to the first case using No. 2 fiber wire and secured
to the tibial side over a bony bridge. Bites taken on the PCL
were advanced through the PCL tibial tunnel buttressing the
avulsed fragments and secured with the help of an endobutton.
Postoperative stability was found to be good [Video 6].
One-year follow-up showed good stability with Lysholm
score of 88.

Discussion

Long bone fractures of the lower limb are more prone for
concomitant MLKI. This is well established in the literature.™
Although clinical examination and MRI have been adequately
stressed, primary management of such injuries has not been
reported. Diagnostic pitfalls include failure to primarily
scrutinize such injuries as proper assessment of instability is
possible only after fracture fixation.

There always remains a question whether to repair or to
reconstruct in soft tissue ligamentous avulsions. The orthopedic
dogma that ACL cannot heal was based on rather a historic

surgical technique and rehabilitation protocol.! In the past,
ACL repair was experimented in all types of tears using open
arthrotomy approach with high failure rates. With the present-day
advancements in MRI, better understanding of tear morphology,
optimal patient selection, and early mobilization ligament repair
yield excellent outcomes. Difelice et al.®! in 2018 advocated
ACL repair and inferred that revision of a primary ACL repair
is technically more like a primary ACL reconstruction.

Reports have shown promising outcomes of primary repair
with early implementation of rehabilitation. Frosch et al.

Table 1: Postoperative rehabilitation

Phase
Phase 1

Time period Plan
0-1 week

Swelling/pain management (analgesics, ice
compression, and elevation)

Nonweight bearing walking with walker

Rom knee brace locked in extension (with
PCL support)

Patella mobilization

Static quadriceps

SLR with knee brace

Hip abduction and adduction exercises

ankle pumps

In addition to week 1
Continue nonweight bearing walking
Passive knee ROM to tolerance
Hamstring and calf stretching

In addition to phase 1
Continue brace (unlock for exercise only)
Active and active-assisted knee ROM

Maintain full extension and progressive
flexion

Toe touch weight bearing from
4 weeks (gradually discontinue crutches)
quadriceps and hamstring strengthening
exercises

Weight bearing as tolerated

Full knee ROM

Prone stretches

Gradually discontinue ROM knee brace after
8 weeks

Gait training

Stair climbing

Balance and proprioceptive activities
In addition to phase 2

Full weight bearing with a normalized gait
pattern
Achieve pain-free full knee ROM
Progressive proprioception and balance
activities
Closed chain strengthening
Walking to jog progression
In addition to phase 3
Full weight-bearing walking
Maintain strength, flexibility, and function
Begin sport-specific functional
progression
PCL: Posterior cruciate ligament, ROM: Range of motion, SLR: Straight
leg raise

1-4 weeks

Phase 2 4-8 weeks

8-12 weeks

Phase 3 12 weeks-9

months

Phase 4 9 months

and beyond
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Figure 1: Case 1 (a) X-ray showing LCL avulsion fracture (red arrow over fibular head) with reverse segonds fracture (red arrow over medial proximal
tibia). (b) MRI showing tibial avulsion of ACL (left MRIimage) and femoral avulsion of PCL (right MRI image) indicated by red round. (c) Clinical image
showing LCL avulsion fracture. (d) Arthroscopic image showing torne ACL and PCL. (e) Shuttling of the sutures through the bony tunnels. (f) Repaired
ACL and PCL. *-ACL, < <-PCL, F-Fibula head, CPN: Common peroneal nerve, LCL: Lateral collateral ligament, ACL: Anterior cruciate ligament, PCL:

Posterior cruciate ligament, MRI: Magnetic resonance imaging

Figure 2: Postoperative X-rays (1-year follow-up). (a) Case 1 — Femur
x-ray. (b) Case 1 — Knee X-rays. (c) Case 2 — Knee X-rays

in their meta-analysis compared nonoperative, repair, and
reconstruction groups in MLKI and showed 77.5% good
and excellent clinical outcomes with suture repair in Grades
3 and 4 knee dislocations (Schenk).[®! Heitmann et al. in
his multicenter prospective study showed excellent clinical
outcomes in primary ACL and PCL repair with suture
augmentation.! Inferior outcomes were seen in patient with
low-velocity dislocations and those with common peroneal
nerve injuries. Vermeijden et al. in 2020 did a retrospective
analysis of MLKI and inferred PCL and PLC repair groups had
high failure rates (17% and 18%) with excellent outcomes in
MCL and ACL repair groups (0% and 9%).! Murakami et al.
showed good long-term outcomes (2 years) with primary ACL
and PCL repair with open MCL repair and early mobilization.

Not all ligaments are amenable to repair, modified Sherman’s
types | and V are ideal for repair provided the stump is
adequate. Ateschrang et al. inferred that ACL with intact
synovial membrane had the lowest failure rate (4%) with
good outcomes when compared with two part or lacerated
ruptures.id

A plethora of repair techniques have been described in the
literature, Difelice et al. described the suture augmentation
technique along with repair.l'! Liao et al. showed good
outcomes in partial tears repaired using suture anchors (Pulley
technique).' Vermeijden explained the single bundle graft
augmentation with repair in selected types of tears.*3! Other
techniques include internal brace ligament augmentation,
dynamic intraligamentary stabilization, and bridge-enhanced
ACL repair. All described techniques have their own perils and
pitfalls and a steep learning curve. Our suture bridge technique
with No. 2 fiber wire is easily reproducible, cost-effective, and
gives good clinical outcomes. Biological supplementation to
repair using platelet-rich plasma, bio-scaffolds, and stem cells
has proven to improve healing and we use marrow stimulation
technique.

ConcLusIoN

Long bone fractures with MLKI are not uncommon but often
missed. Look for telltale signs of MLKI (abrasions, avulsion
fractures, and effusion). Long bone fixation and primary
arthroscopic bicruciate repair with open collateral repair is a
technically challenging surgery and has excellent outcomes
in appropriate patients.

Declaration of patient consent

The authors certify that they have obtained all appropriate
patient consent forms. In the form the patient(s) has/have
given his/her/their consent for his/her/their images and other
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Figure 3: Case 2 (a) X-ray showing shaft of tibia fracture. (b) X-ray of knee showing PCL avulsion fracture indicated by red arrow. (c) CT images
of PCL avulsion fracture indicated by red rounds. (d) Arthroscopic image of ACL soft tissue tibial avulsion. (e) Sutures taken on the ACL with knee
scorpion. (f) Repaired ACL and PCL. ACL: Anterior cruciate ligament, PCL: Posterior cruciate ligament, CT. Computed tomography

clinical information to be reported in the journal. The patients
understand that their names and initials will not be published
and due efforts will be made to conceal their identity, but
anonymity cannot be guaranteed.
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