


deviations for all pre and post experimental condi-
tions. Aggregate data showed significant improve-
ments in ROM regardless of treatment (t=-3.10,
p =0.01, d = .24) (Table 1 and Figure 5). Answers to
three of the eight patient-oriented questions on the
PFAQ were also found to be statistically significantly
different between participants (Table 1). Subjects
indicated an overall improvement in perceived mus-
cular flexibility (t = -2.38, p = 0.03, d = .21), muscu-
lar flexibility of the affected body part (t=-5.83,
p=0.00, d=.85), and an overall improvement in
muscular strength of the hamstrings (t=-2.31,
p =0.03, d = .37) regardless of which treatment they
received.

Subjects in the MFD group (Table 2) showed a sig-
nificant improvement in ROM (t =-3.74, p= 0.01,
d = .28) while no significant changes were noted for
ROM in the SMR group (t =-1.44, p =0.19, d = .19).
The MFD group also demonstrated significant
changes in PFAQ measures of perception of over-
all muscular flexibility (t = -2.31, p =0.05, d = .35);
perceived flexibility of the hamstrings (t=-5.66,
p=0.00, d =1.06); and perceived strength of the
hamstrings (t=-2.53, p=0.03, d =.62). The SMR
group also indicated significantly improved percep-
tions of hamstring flexibility (t=-3.42, p=0.01,
d = .61).

Between group comparisons showed no differences
in ROM between MFD and SMR groups (F1,15 = .08,
p=0.79, ®*=-.057) (Table 3). The only signifi-
cant between group difference observed was that
subjects in the MFD group noted a greater percep-
tion of hamstring flexibility according to the PFAQ
compared to SMR (F1,15 =5.43, p =0.03, ®* =.206)

o2 < Range of Motion 8062
80
e 76.66* 76.20

78 1

Degrees /6 1

[*significance) 72.99
74
72 1
70 1
63 r3
SMR pre SMR post MFD pre MFD post

Figure 5. Hamstring flexibility changes in after self-myofas-
cial release (SMR) and myofascial decompression (MFD)).

(Table 3 and Figure 6).

Subjects receiving MFD indicated a statistically
significant higher score on the GROC compared to
SMR (t =-3.42, p=0.004, d = 1.66). Subjects in the
MFD group indicated “moderately better” response
to treatment, or a change of +4 points on the GROC
scale* demonstrating a clinical meaningful change*
compared to those in the SMR group indicating “tiny
bit better” to a ‘“little bit better” (change of + 1-2
scale points) (Figure 7).** According to Fritz and
Irrgang® a clinically meaningful improvement on
a 15-item GROC scale requires a difference of +4
score points.

DISCUSSION

This is the first study to investigate clinical out-
comes of myofascial decompression (cupping) ther-
apy in subjects with perceived tightness and range
of motion limitations in the hamstrings. Because of
limits in research design and poor research quality,
the clinical evidence regarding cupping therapy is
very low.? Low evidence is available citing that cup-
ping therapy is effective on conditions of herpes zos-
ter, facial paralysis, acne and cervical spondylosis;*
however, no studies to date have investigated the
effects of MFD on hamstring pathology.

Regardless of the treatment, an improvement in
hamstring flexibility from pre to post intervention
was observed. Hamstring flexibility was improved
by an average of 4.42° for the MFD group and 3.67°
for SMR. The calculated effect size for ROM in the
MFD group was .28, indicating a small magnitude
of difference in this significance.” This differs from
findings of Williams et al.*® that did not observe sig-
nificant changes in hamstring flexibility after seven
minutes of therapeutic cupping. Potential explana-
tions for the lack of hamstring length improvement
is that Williams et al.*> tested asymptomatic subjects
that were otherwise considered healthy. It is possible
that greater benefits in tissue motion are experienced
after cupping in muscles that have a pathologic con-
dition or fascial adhesions. Additionally, the current
study involved both static placement and dynamic
movements during the cupping treatment, which
may affect fascial tissue to a greater extent than a
static placement alone. This bimodal treatment of
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Table 2. Descriptive data, Statistical comparisons (Paired Samples T-Tests) and Effect

Sizes for pre- and post- measurements of ROM and Perceived Functional Ability

Questionnaire (PFAQ) for both treatment groups.

[N=17, (SMR =8, MFD =9)]

Mean and | Mean p Effect
Variable Group | Time SD diff | SD Cl t value | Size
Pre 76.20 +£15.49 -7.15, - %
p . ROM MFD Post 80.62 +15.75 442 3.55 -1.69 3.74 01 28
assive iR | P |7299x1738 [ T e |- 1 1
(degrees) Post | 76.66£20.45 ‘ ‘ 236 | 144 | :
Pre 5.00+1.58 -1.93, -
. MFD -0.89 1.36 .09 .65
Overall physical Post 5.88 + 1.05 0.16 1.96
health * Pre 6.00 +2.13 -0.42 -
SMR oo -0.13 0.35 ! .35 .06
Post 6.13+1.96 0.17 1.00
Pre 4.67 +2.00 -1.33, - R
Overall muscular MFD Post 5.33+1.73 067 10871 500 | 231 *° 35
flexibility i Pre 4.63 £2.07 ) -0.42, -
SMR Post 4.75+2.12 0.13 0.35 0.17 1.00 35 05
Pre 3.11+1.17 -1.87, - "
Flexibility of MFD Post 4.44 +1.33 133 1071 579 | ses | 1.06
hamstring Pre 2.87 £0.99 i -1.06, - R
SMR Post 3.50+1.07 0.63 052 0.19 3.42 01 61
Pre 5.67+1.73 -1.23, -
Overall muscular MFD Post 6.22+1.48 055 1088 1 515 | 189 10 34
strength # Pre 6.13 £0.99
SMR Post 6.13 £0.99 0.00
Pre 4.11+1.36 -1.70, - %
Strength of MFD | post s00t150 | 089 | 15| g08 | 253 | O 62
hamstrings Pre 4.25+1.49 i -0.66, -
SMR Post 437 +1.14 0.12 0.64 0.41 0.55 60 09
Pre 4.56 £2.00 -0.49,
Pain in MFD Post 3.89+2.03 0.67 | 1501 ;g | 133 22 33
hamstrings ¥ Pre 4.25+1.75 -.049,
SMR Post 4.00 +1.85 0.25 0.89 0.99 .80 .45 .14
Pre 5.22+1.98 -0.86,
Effect on sport MFD Post 5.11+2.26 011 1 1.27 1.09 26 80 05
performance ¥ Pre 5.63 +1.30 -0.17,
SMR Post 550+1.41 0.13 0.35 0.42 1.00 .35 .09
Effect on Pre 3.44+2.40 -0.11,
o . MFD Post 3.22+2.59 0.22 0.44 056 1.51 .17 .08
activities of daily T
living t SMR Pre 1.75 +1.67 0.00
Post 1.75 +1.67 ’
MFD = myofascial decompression, SMR = Self myofascial release
* denotes statistically significant difference at p < 0.05
f indicates subjective variables assessed by the Perceived Functional Ability Questionnaire. Subjects
rate each variable according how they feel at that moment in time on a scale of 1-10 where Poor = 1-3;
Good = 4-7; Excellent = 8-10

cupping also differs from a more static position of
the limb that was utilized with the SMR foam rolling.
Foam rolling techniques are commonly performed
in a static joint position with limited active move-
ments of the joints during the rolling technique.
While a significant improvement was observed in
the MFD group, the SMR group failed to achieve
statistically significant improvements, which could
be attributed somewhat to the differences in tis-
sue length created by the active movements in the

MFD intervention group compared to a more static
muscle length position in the SMR group. Although
similar to the present study, Mikesky et al.* found
no increase in hamstring ROM after two minutes
of self-administered roller massager, a comparable
action to a foam roller yet a different SMR modality.
Additionally, Couture et al.®® showed no significant
differences between baseline knee extension ROM
and the ROM present after foam rolling for either
a short (2 sets of 10 sec) or long (4 sets of 30sec)
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Table 3. Statistical comparisons between myofascial decompression (MFD) and self-myo-

fascial release (SMR) for ROM and Perceived Functional Ability Questionnaire (PFAQ)
subjective measures. [N=17, (SMR=8, MFD =9)]

95% Effect
Mean Confidence size
Variable Treatment | differences | SD Interval F (1,15 | p-value o’
. SMR -3.68 7.22 -9.71, 2.36 0.08 0.79 057
Passive ROM (degrees) MFD -4.42 3.55 -7.15,-1.69
Overall physical health SMR -0.13 0.35 -.42,.17 535 0.15 073
MFD -0.89 1.36 -1.94, .16
Overal! n‘n.uscular SMR -0.13 0.35 -.42,.17 271 012 091
flexibility ¥ MFD -0.67 0.87 -1.33,00
Flexibility of hamstring ¥ SMR -0.63 0.52 -1.06, -.19, 543 0.03* 206
MFD -1.33 0.71 -1.88,-.79
Overall muscular SMR 0.00 0.00 0.00, 0.00 315 0.10 112
strength # MFD -0.56 0.88 -1.23,.12
Strength of hamstrings ¥ SMR -0.13 0.64 -.66, .41 315 0.10 112
MFD -0.89 1.05 -1.7,-.08
o ' SMR 0.25 0.89 -.49, .99 0.47 0.50 032
Pain in hamstrings MFD 0.67 1.50 -.49,1.82
Effect on sport SMR 0.13 0.35 -.17, .42 0.001 0.98 06
performance ¥ MFD 0.11 1.27 -.86,1.09
Effect on activities of SMR 0.00 0.00 0.00, 0.00 202 018 056
daily living + MFD 0.22 0.44 -12,.56
* indicates statistically significant difference at p<0.05 level.
¥ indicates subjective variables assessed by the Perceived Functional Ability Questionnaire. Subjects
rate each variable according how they feel at that moment in time on a scale of 1-10 where Poor= 1-3;
Good =4-7; Excellent= 8-10

duration. To assess if changes in ROM satisfied a
minimally clinically important difference (MCID) a
change score equivalent to the MCID for ROM was
calculated using the standard deviation of baseline
scores multiplied by a small effect size of 0.2.5 Using
these guidelines the MCID for ROM was calculated to
be 3.19°. Thus after a single treatment using either
MFD or SMR, the improvements noted in hamstring
length may be considered clinically important, and
enough improvement in range to positively change
patient perception.

It is not surprising that either technique improved
ROM as both likely address the fascial component of
the myofascial unit, but in different ways mechani-
cally. The skin and fascia are highly responsive
structures, which allow them to play a major role in
maintaining normal body function.* There are sev-
eral physiological hypotheses as to how soft tissue
mobilization works including increased blood flow,
increased lymphatic drainage of toxins, reduced

tissue stiffness, alteration in neuromuscular activity
and a decreased inflammatory response.>® The fascia
also contains mechanoreceptors and smooth muscle
receptors that when stimulated may help in lower-
ing the sympathetic tone, leading to tonus changes
in muscle.”

Luigi Stecco® states that fascia is the only tissue that
modifies its consistency when under stress (plastic-
ity) and which is capable of regaining its elasticity
when subjected to manipulation (malleability). Cup-
ping has the ability to grab and lift the fascia to allow
for lymphatic drainage of toxins and more efficient
exchange of nutrient rich blood, as well as stretch-
ing the fascial tissue.>® The friction created between
the cups and the tissues may cause the fascia to
increase in temperature and changes the viscosity
of the fascia from a viscous gel to a more fluid like
state.”’ Manual therapy techniques treat the fascial
layers by altering density, tonus, viscosity, and the
arrangement of fascia.”®® Purslow reported that the
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Figure 6. Subjects’ mean perception of flexibility after a
single treatment of myofascial decompression (MFD) and
self-myofascial release (SMR).
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Figure 7. Subjects’ mean scores on the Global Rating of
Change (GROC) scale after a single treatment of self-myofas-
cial release (SMR) and myofascial decompression (MFD).

multidirectional layers of collagen fibers and the
architectural arrangement of muscle fibers is a key
determinant of muscle tissue properties.®® Fibrocytes
in the fascia respond to mechanical stretch through
mechanotranduction®-°* with collagen fibers provid-
ing more resistance to reorientation as the fascia is
stretched longitudinally.®® Thus it is important to
utilize a multi-planar strategy to treat the fascial tis-
sues using cupping, or any myofascial manipulation
technique.

Foam rolling is mostly longitudinal, as in the case of
the current study. However, the circular nature of
the cups arranged in a multilinear fashion along the
fascial line permits a multi-directional approach to
the treatment application perhaps targeting a larger

architectural arrangement of the muscle fibers and
treating fascial fibers in multiple angles. The static
and dynamic nature of the MFD treatment used in
this study likely impacts multiple layers of the fascia
that lie in a multitude of different directions. The
SMR treatment protocol in the current study applied
only a longitudinal direction of force applied to the
fascia, thus perhaps limiting its effect on mobility.
Future studies should investigate the impact of soft
tissue mobilization on ROM taking into considera-
tion specific direction of fiber layering in their treat-
ment approach.

Some researchers have suggested potential benefits
for pain conditions using cupping.®® The MFD group
in the current study experienced a higher therapeu-
tic effect than SMR as demonstrated by significantly
higher score on the GROC scale compared to SMR.
Although the average increase of 2.5 scale points
between the two interventions was not enough to
indicate a clinically meaningful difference in com-
parison to each other, the difference in four scale
points observed in subjects receiving MFD indicates
a clinically important change in hamstring flexibil-
ity.*® How a patient feels about their own body or
injury is an important aspect of recovery. The GROC
scale was utilized in attempt to gain an observable
difference between how subjects felt after their treat-
ment in both the MFD and SMR groups. The subjec-
tive measure of the GROC scale allows the subject to
consider what they feel is important.** Subjects in the
MFD group indicated they felt “moderately better”
after treatment compared to those in the SMR group
indicating they felt a “tiny bit better” to a “little bit
better”. The way a patient cognitively assesses their
injury can have an effect on their attitude toward
rehabilitation of that injury and the rate of healing.®

Just asimportant are patient perceptions of improved
function during treatment. Perceptions of improved
flexibility were also noted in both treatment groups,
though MFD demonstrated significantly higher per-
ceptions of improved hamstring flexibility compared
to SMR. The effect size in this comparison was quite
large (o”=.206) indicating a larger effect of MFD
on perceived hamstring flexibility. Combined data
revealed a large effect size for perceived flexibility
of the hamstring overall regardless of treatment
(d = .85). Effect sizes from the paired t-tests were
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also considered large effects independently (MFD
d =1.06; SMR d = .61). Weppler and Magnusson sug-
gested that increases in tissue extensibility likely
do not from come affecting the mechanical proper-
ties of the muscle being stretched but result from
changes in the individual’s perception of stretch or
pain.® This is known as the ‘sensory theory’ and it
proposes that increases in muscle extensibility after
stretching are due to modified sensation. Changes in
fascial length and tension in response to MFD could
modify such sensations. Based on the current find-
ings, clinicians can use MFD during a rehabilitation
session to decrease a patient’s perception of pain or
stiffness associated with the soft tissue injury and
improve their attitude toward their healing. Accord-
ing to these results, MFD can enhance patient con-
fidence in their physical abilities more so than SMR
by the added perceptions of decreased tightness in
the affected area, thus allowing for better quality of
work in the therapeutic setting.

An interesting observation in this study is that sub-
jectsthatreceived MFD indicated a higher perception
of strength in the hamstrings after one treatment.
Studies have shown through fascial connections,
muscle force transmission occurs between adjacent
and even antagonistic muscles.®*” The results of a
systematic review by Cheatham et al. indicate that
SMR using either foam rolling or roller massage
may have short-term effects of increasing joint ROM
without decreasing muscle performance.® While
changes in muscle force production were not tested
in the current study, subjects indicated that they felt
stronger in the treatment area after MFD compared
to SMR using a foam roller. Actual changes in mus-
cular output should be investigated in future studies
to see if strength is affected in any way after this
technique is applied, or if acute strength deficits
occur as has been observed with static stretching.®-">

While the outcomes of MFD may be considered clin-
ically relevant, there were limitations to this study.
It could be argued the treatments were provided at
sub-therapeutic doses and the interventions could be
more effective if treatment dose were maximized. At
this point, there is no research guiding the appropri-
ate dosage of MFD and more research should be done
in this area. Participants were blinded to the ROM
outcome measure, but not blinded to the treatment

they received. This could have introduced some bias
in their subjective responses of the patient-oriented
outcome scales as patients are more likely to have
experienced or used a foam roller than a novel appli-
cation of a cupping treatment. The present study
also did not control for force application of the foam
rolling and subjects may not have exerted enough
pressure to affect the soft tissue for an accurate
comparison.

The lack of a control group, or sham intervention
may have introduced bias in the study results by cre-
ating a placebo effect. Subject bias can take place
by the mere attention and contact provided by the
researchers, and without a true control group study
design absolute results are uncertain. There is cur-
rently no sham intervention for MFD so another
common soft tissue treatment for hamstring inju-
ries was selected. Finally, the small subject pool
experiencing the selected pathology may not have
fully represented hamstring pathology patients. The
small number of individuals meeting the inclusion-
ary criteria of the study limited the ability to add
an additional treatment group (control); therefore,
multisite clinical studies may be necessary to meet
these criteria. Large scale randomized clinical trial
research is needed to further investigate the evi-
dence of MFD in the treatment of musculoskeletal
pathologies. Given the positive acute outcomes asso-
ciated with this study, future research is warranted
to further investigate the immediate and long-term
outcomes associated with this therapy. Long-term
follow-up results are needed to assess the full effec-
tiveness and lasting action of MFD on hamstring
flexibility and function.

CONCLUSIONS

The results of this study indicate that both MFD and
SMR are beneficial in making an acute clinically rel-
evant difference in hamstring flexibility after a single
treatment in patients with complaints of hamstring
pathology symptoms. Myofascial decompression
appeared superior to heat and SMR application and
can be used as an effective treatment modality to
address limitations in hamstring flexibility. Subjec-
tive data from the patient-oriented outcome measures
were positive showing that MFD has a strong effect
on perceptions of overall flexibility, and flexibility
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of the targeted treatment area. Patient self-reports
indicated a moderate effect on perceived strength
improvement and perceptions of feeling better after
a single treatment of MFD to the hamstrings. Addi-
tional research is needed to further investigate clini-
cal outcomes of this contemporary and increasingly
common treatment modality. Other factors including
changes in muscular function and strength should
be investigated in future studies. Because hamstring
pathology is prevalent in sport there is a need to
identify best practices in the prevention and treat-
ment of injury to this muscle group.
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ABSTRACT

Background: The incidence of anterior cruciate ligament (ACL) injuries has been estimated at 1 in 3500 individuals in the
literature. Second ACL tears represent 7-14% of all ACL tears. The location of ACL tears has been noted to be primarily
proximal.

Purpose: The purpose of this study was to corroborate previous data as well as to add novel data to the literature regarding
the location of ACL tears, risk factors associated with second ACL tears, and correlation between hearing a “pop” at the time
of injury and concomitant injuries.

Study Design: Epidemiologic Review

Methods: A geographic database containing the medical records of individuals in a rural county in Midwest, USA was utilized
to identify ACL injuries that occurred in the county from 2011 to 2016. A total of 743 ACL injuries were identified, which were
reviewed and stratified by primary and second tears, sex, race, age, activity level, number of “pops” heard at time of injury,
side of injury, location of tear, graft type used in reconstruction, location of fixation, and concomitant injuries.

Findings: ACL tear location was noted to be primarily midsubstance (44.1%) or proximal (34.1%). The majority of individu-
als (56.3%) who reported hearing “multiple pops” at the time of injury sustained multiple types of concomitant injuries. The
incidence of second ACL tears was 16.8% of total ACL injuries. Second ACL tears were associated with multiple factors,
including tear type (p <0.015) and tear location (p <0.022). When comparing primary versus second ACL tears, no signifi-
cant difference in concomitant injuries was noted.

Conclusions: The majority of ACL tears (78.2%) occur in the midsubstance or proximal fibers. Hearing multiple “pops” at
the time of injury may be associated with more concomitant injuries. The incidence of second ACL tears in this population
was comparable to previous studies. Second ACL injuries differed statistically from primary injuries in association with tear
type and location.

Level of Evidence: 2C

Keywords: anterior cruciate ligament (ACL); graft tear; epidemiology; incidence; second tear, concomitant; movement
system
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INTRODUCTION

Anterior cruciate ligament (ACL) tears are injuries
that continue to have a significant social and eco-
nomic impact in the United States. Approximately
113,000 initial visits for anterior cruciate ligament
injuries occur in the U.S every year, with approxi-
mately 75,000 eventually undergoing surgical recon-
struction.»** Annual reported incidence in the U.S
is approximately 68.6 per 100,000 person-years,
although actual incidence may be higher.* Athletes
are at higher risk for ACL injury, and as many as 50 %
of individuals who sustain ACL tears will develop
osteoarthritis within 10 years, which can add further
cost.>®

The gold standard for treatment following ACL injury
is ACL reconstruction (ACLR) surgery. The aver-
age length of rehabilitation following ACLR is nine
months to greater than one year.”® There is signifi-
cant cost associated with ACLR, as one study found
mean lifetime cost to society to average $38,121
USD per individual.® Total cost of care for all ACL
tears nationally is estimated to be in excess of $2 bil-
lion annually.'*"'? Additionally, greater than 7% of
ACL reconstructions occur in the inpatient setting,
further increasing cost.’® Given the relatively high
incidence as well as significant personal and societal
impact of ACL tears, numerous studies have been
conducted regarding this injury."!2!418

Primary injuries account for 86-93% of total ACL
tears while second injuries, defined as a subsequent
ACL injury to the ipsilateral or contralateral ACL
after primary injury, account for 7-14%.57' Second
ACL tears, or subsequent ipsilateral or contralateral
ACL tears, have been previously associated with fear
of returning to sport and increased risk of retear.'**
Regarding tear location, it has been noted that the
location of all tears is primarily proximal at 72%,%
although differences between adult and pediatric
populations have been noted.?

This report utilizes a geographic database to exam-
ine individuals within the database who sustained
ACL tears from 2011 through 2016. The purpose of
this study was to corroborate previous data as well
as add novel data to the literature regarding the loca-
tion of ACL tears, risk factors associated with second
ACL tears, and correlation between hearing a “pop”

at the time of injury and concomitant injuries with
the hope that increased understanding of second
ACL tears and associated risk factors will facilitate
advancements in the prevention and treatment of
ACL tears.

METHODS

A geographic database was utilized to conduct this
study.?” This database contains the complete medi-
cal records of all individuals who have received
medical care in a rural county in the Midwest region
of the United States. This database included nearly
150,000 individuals with an estimated 95% having
consented for inclusion in the database. This pro-
vides a nearly comprehensive look at the epidemi-
ology of the local population. Since its inception in
1966, more than 2,700 publications have made use
of this database. IRB approval was obtained from the
medical entities which provide patient data to the
database.

For this study, the database was searched by Interna-
tional Classification of Diseases, 10" Revision (ICD-
10) billing codes consistent with ACL tears from
January 1, 2011 through December 31, 2016. Our
initial search returned 1240 records. Entries that did
not meet inclusion criteria were discarded (497 of
1240). Inclusion criteria included new diagnosis of
an acute or chronic ACL tear in individuals living
within the geographic boundaries of the database.
ACL tears diagnosed between 2011 and 2016 that
were diagnosed greater than two years previously
were excluded. Individuals who did not consent for
their data to be used in the database were also not
included. Separate entries were created for each
unique ACL injury. In total, there were 743 qualify-
ing entries, which were investigated on a case by
case basis via review of the medical record.

Documents including clinical evaluations, magnetic
resonance imaging (MRI) impressions, and opera-
tive reports were reviewed and details regarding
these injuries, including sex, age, activity level, side
of' injury, and graft type used in reconstruction were
recorded. Additional demographic factors included
in this report that were not included in previous
reports included race, weight, smoking status, num-
ber of pops heard at time of injury, location of ACL
tear, concomitant cartilage and ligament injuries,
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and location of graft fixation. Second injuries were
also recorded in individuals with history of previous
ACL tear. Where discrepancy was found between
MRI reports and direct visualization under arthros-
copy, preference was given to data obtained from
arthroscopy. When calculating injury incidence,
sex and age category percentages were extrapolated
from 2010 U.S. Census data, as this was the most
recent data available.

Comparing primary versus second injuries, the data
were analyzed for association with concomitant inju-
ries. During chart review, concomitant injuries were
initially recorded individually (e.g. injury to medial
meniscus, LCL, femoral cartilage, etc.). However, to
facilitate analysis, these injuries were reclassified
into broader categories, including no concomitant
injury, cartilaginous concomitant injury, menis-
cal concomitant injury, ligamentous concomitant
injury, or multiple types of concomitant injuries,
which comprised a mixture of cartilaginous, menis-
cal, and/or ligamentous injuries.

Data were initially recorded in Microsoft Excel, ver-
sion 14, and data analyses were then performed
using JMP statistical software, version 13 (SAS Insti-
tute). Statistical analyses included Chi-square and
one-way analysis of variance (ANOVA). Statistical

significance was set at p<0.05 and statistical trends
are as listed in individual figures.

RESULTS

From 2011 through 2016, there were 743 unique ACL
tears included in the database. Males accounted for
400 (53.8%) of these tears, while females sustained
343 (46.2%). Mean age was 31.8 years old with a
standard deviation of +14.1 years (Table 1). Of total
individuals included in the study, 85.6% self-iden-
tified as white, while the remaining 14.4% identi-
fied as either black (5.1%), Asian (3.9%), or other/
unknown (5.4%). Regarding laterality, ACL tears,
including primary and second tears, occurred in the
right and left sides with equal frequency (50.1% ver-
sus 49.9%, respectively) (P=0.76).

Complete tears of the ACL fibers constituted the
vast majority (79.0%) of ACL tears (p=0.02). Partial
tears represented 17.9% of tears and 3.1% of tear
types were unknown. Regarding the injury location,
487 tears had a documented tear location while 256
tears did not have a tear location specified. Of docu-
mented tear locations, the majority occurred in the
midsubstance (44.1%) or proximal (34.1%) fibers of
the ligament. Femoral avulsion tears accounted for
13.6% of tears. Distal and tibial avulsion tears were
least common, at 5.9% and 2.3% respectively.

Table 1. Demographics of individuals who sustained ACL tears included

in this study.

Demographics of Anterior Cruciate Ligament Tears’
Total no. of tears 743 Activity level
Age, mean + SD 31.8+14.1 Competitive 186 (25.0)
Sex Recreational 367 (49.4)
Male 400 (46.2) Sedentary 152 (20.5)
Female 343 (53.8) Unkown 38 (5.1)
Race No. of "pops"
White 636 (85.6) None/Unknown 471 (63.4)
Black 38(5.1) One 256 (34.5)
Asian 29 (3.9) Multiple 16 (2.1)
Other/unknown 40 (5.4) Tear occurrence
Tear type Primary 618 (83.2)
Complete 587 (79.0) Second 125 (16.8)
Partial 133 (17.9) Ipsilateral 83 (66.4)
Unknown 23 (3.1) Contralateral 42 (33.6)
Side Tear location”

Right 371 (50.1) Tibial avulsion 11 (2.3)
Left 372 (49.9) Distal 29(5.9)
Onset Midsubstance 215 (44.1)

Acute 540 (72.7) Proximal 166 (34.1)
Chronic 203 (27.3) Femoral avlulsion 66 (13.6)
“Values are expressed as n (%)
? Unknown values (n=256) were excluded
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Figure 1. Location of tear comparing native ACL tears ver-
sus ACL graft tears, including tibial avulsion, distal, midsub-
stance, proximal, and femoral avulsion.

Analysis of tear location when comparing primary
tears (i.e. tear of native ACL) versus nonprimary
tears (i.e. tear of graft reconstruction), a category
which included any additional tears beyond pri-
mary tears (second, third, etc.) was then completed
(Figure 1). Tibial avulsion, distal, midsubstance, and
proximal tears were not statistically different when
comparing primary versus nonprimary tears. How-
ever, femoral avulsion tears were noted to be more
prevalent as a percentage of primary tears compared
to nonprimary tears (14.7% versus 6.9%).

Individuals participating in a recreational activity,
defined as a leisure activity without minimum phys-
ical requirements or abilities, constituted 49.4% of
tears. Individuals participating in competitive activi-
ties, including organized high school, collegiate, or
professional athletics, accounted for 25.0% of tears.
The remaining tears occurred in individuals not par-
ticipating in a sporting activity at the time of'injury or
individuals with an unknown activity level (25.6%).
Of the 743 total tears, 546 tears (73.5%) underwent
ACL reconstruction and 197 (26.5%) underwent non-
operative treatment. Individuals treated with proce-
dures other than graft placement, such as ligament
debridement or meniscectomy were not included in
the operative group.

Patients were stratified into six separate categories
by age in order to document incidence of primary
and second tears by age (Table 2). These groups
were then further stratified by sex. More than one
third (34%, 117 of 343) of primary and second tears
occurred in women from age 15 to 24 with a rela-
tive decrease in incidence after age 24. The major-
ity (56.8%, 187 of 329) of primary tears in men
occurred between the ages of 15 to 34, with equal
numbers occurring from 15 to 24 and 25 to 34 and a
relative decrease in incidence after age 34. Second

Table 2. Individuals who sustained ACL tears, stratified by age

groups.
Anterior Cruciate Ligament Tears by Age Group”
Male Female Total
Primary tears
<15 yo 12 (37.5) 20 (62.5) 32(5.2)
15-24 yo 96 (50.0) 96 (50.0) 192 (31.1)
25-34 yo 91 (66.9) 45 (33.1) 136 (22.0)
35-44 yo 50 (51.0) 48 (49.0) 98 (15.8)
45-54 yo 34 (51.5) 32 (48.5) 66 (10.7)
>55yo 46 (48.9) 48 (51.1) 94 (15.2)
Total 329 (53.2) 289 (46.8) 618 (100.0)
Second tears
<15yo 2 (50.0) 2 (50.0) 43.2)
15-24 yo 14 (40.0) 21 (60.0) 35 (28.0)
25-34 yo 16 (80.0) 4 (20.0) 20 (16.0)
35-44 yo 18 (66.7) 9(33.3) 27 (21.6)
45-54 yo 13 (59.1) 9 (40.9) 22 (17.6)
>55yo 8 (47.1) 9(52.9) 17 (13.6)
Total 71 (56.8) 54 (43.2) 125 (100.0)
“Values are expressed as n (%)
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Figure 2. Incidence per 100,000 individuals of ACL tears by
age and gender.

tears in men were distributed equally across ages 15
to 54 with a relative decrease after age 54. Analy-
ses of second tears in sex x age group was also per-
formed. Probability of sustaining a second tear was
significantly higher in women age 15 to 24 and age
45 to 54, compared to women in other age groups
(P=0.02). From age 24 to 35, men sustained more
primary and second tears relative to women. The
incidence of ACL tears x age and sex was also calcu-
lated and is displayed in Figure 2.

Chi-square analyses of number of pops heard x
concomitant injuries were performed. There was no
statistical difference in occurrence of concomitant
injuries when comparing no pops heard versus one

pop heard (p=0.61). It should be noted that the no
pops group included both individuals who denied
hearing a pop at the time of injury as well as individ-
uals who did not specify whether or not they heard
a pop. Individuals who endorsed hearing multiple
pops at the time of injury incurred a higher propor-
tionality of multiple types of concomitant injuries
(56.3% versus 29.3%) when compared to the no pop
group (Table 3).

Incidence of second ACL tears represented 16.8%
(125 of 743) of total ACL injuries. Of the 125 sec-
ond tears in the dataset, 83 (66.4%) were ipsilateral
and 42 (33.6%) were contralateral. Second ACL tears
were investigated for association with multiple risk
factors and injury characteristics, including sex, tear
type, side, injury onset, activity level, smoking sta-
tus, tear location, and weight (Table 4).

Association with both tear type (P=0.01) and tear
location (P<0.02) was statistically significant. Other
factors investigated, including sex, side, injury onset,
activity level, smoking status, and weight stratified
by 20-kilogram intervals demonstrated no statisti-
cally significant difference (p> 0.34). Comparing pri-
mary versus second injuries, the data were analyzed
for association with concomitant injuries; no statisti-
cal difference or trend towards statistical difference
was found (Figure 3).

Table 3. Statistical analysis of number of pops heard by individuals who sustained

ACL tears compared with concomitant injuries.

Statistical analysis of Number of Pops Heard Compared with Concomitant Injuries”
Concomitant injuries % of total’ n % of total” n p-value
No pops v. 1 pop No pops 1 pop 0.6074

None 21.44 101 26.17 67

Cartilage only 2.12 10 2.34 6

Meniscus only 41.83 197 38.28 98

Ligament only 5.31 25 6.25 16

Multiple types 29.30 138 26.95 69

No pop v. multiple pops No pops Multiple pops 0.1821

None 21.44 101 18.75 3

Cartilage only 2.12 10 0.00 0

Meniscus only 41.83 197 18.75 3

Ligament only 5.31 25 6.25 1

Multiple types 29.30 138 56.25 9

“"No pop" category includes both no pops and unknown or unspecified number of pops

»94 of total indicates % of total individuals within a specific category e.g. there were 67 individuals
who heard one pop and had no concomitant injuries. This group represented 26.17% of
individuals who endorsed one pop.
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Table 4. Statistical analysis of epidemiological factors and injury characteristics associated with individuals

who sustained second ACL injuries.

Statistical Analysis of Epidemiological Factors and Injury Characteristics Associated with Second ACL Injuries"b”
Factor Mean n p-value Factor Mean n p-value
Sex 0.4654 Smoking 0.3444
Male 0.1775 400 Smoker 0.1376 109
Female 0.1574 343 Nonsmoker 0.1735 634
Tear type 0.0143 Tear Location 0.0213
Complete 0.1550 587 Tibial avlusion 0.0000 11
Partial 0.2481 133 Distal 0.2414 29
Unknown 0.0435 23 Midsubstance 0.1674 215
Side 0.756 Proximal 0.1446 166
Right 0.1725 371 Femoral avulsion 0.0758 66
Left 0.164 372 Unknown 0.2070 256
Onset 0.1697 Weight 0.4444
Acute 0.1278 540 <60 kg 0.1171 87
Chronic 0.1675 203 60-79.9 kg 0.1630 276
Activity level 0.6834 80-99.9 kg 0.1845 233
Competitive 0.1398 186 >100 kg 0.1837 147
Recreational 0.1771 367 Weight 0.1401
Sedentary 0.1776 152 <60 kg 0.1149 87
Unkown 0.1842 38 >60 kg 0.1682 656
“ A mean value that approaches 1 indicates increased risk for second ACL injuries
»Bolded values represent statistical significance (P<0.05)
“Italicized values represent a value that is approaching statistical significance

DISCUSSION

As mentioned above, the demographics of primary
and second ACL tears have been investigated in pre-
vious studies. Our results compared favorably with
previous epidemiologic studies, including tear pre-
dominance by sex, activity level, mean age at time
of tear, and incidence of primary and second ACL
tears (Table 1). Demographic categories included in
this study that have been less thoroughly explored
by previous studies included tear location, number
of pops heard, smoking status, and concomitant
injuries.

50.00
45.00
40.00

35.00
30.00 m Second tear

W Primary tear

25.00 - 1:No concom. injury
20.00 2: Cartilaginous

3: Meniscal

15.00 - 4:Ligamentous
10.00 - 5: Multiple types

5.00 4
0.00 -

% of concomitant injuries

1 2 3 4 5
Type of Concomitant injury

Figure 3. Comparison of concomitant injuries, including
no concomitant injury, cartilaginous injury, meniscal injury,
or ligamentous injury in primary versus second ACL tears.

With regards to tear location, tears were primar-
ily proximate or midsubstance in our study, with
a minority of tears occurring distally. Previous
authors have demonstrated relatively similar but
not identical results. A cohort study of 1457 patients
published by Van der List, et al., recorded a proxi-
mal tear rate of 72% and mid substance a rate of
23%, compared to our rates of 47.7% and 44.1%,
respectively.?® An additional study published by
Bates, et al., utilizing a mechanical impact simula-
tor, demonstrated results similar to Van der List's
study, with 71% of tears being proximate and 25%
being mid substance.'® It should be noted, that these
studies categorized tears into one of three catego-
ries (femoral, midsubstance, or tibial), whereas our
study characterized tears into one of five catego-
ries (femoral avulsion, proximate, midsubstance,
distal, or tibial avulsion). This difference in results
may also be accounted for by the fact that proxi-
mal midsubstance tears are often described in MRI
reports simply as midsubstance, thereby skewing
this percentage in favor of midsubstance tears. The
incidence of distal tears in all three studies was less
than 10%.

Hearing a pop at the time of injury is a finding clas-
sically associated with ACL injuries.!* As outlined
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additional studies that document this assertion were
found on review of the literature.

With regard to potential limitations of this study,
the presence of a quaternary medical center in the
county which was studied may have skewed data
with regards to overall patient complexity compared
to counties without a large academic medical cen-
ter. Also of note, the database utilized in this study
did not include cost of medical care data, which
precluded analysis of economic factors. Addition-
ally, the study is potentially inadequately powered
to achieve statistical significance with certain cross-
analyses, i.e. cross-analysis of concomitant inju-
ries in the race, smoking, or multiple pops group.
Meta-analysis of multiple studies may be required to
achieve statistical significance with regards to these
factors, especially with investigation of the multi-
ple pops demographic, as this was a relatively rare
occurrence in our data set.

Future studies should continue to investigate demo-
graphics, risk factors, and characteristics associated
with second ACL tears. Studies utilizing robust data
sets, including meta-analyses of current studies,
will provide additional information with regards
to the concepts outlined in this manuscript. Addi-
tional research in the areas of primary and second
ACL tears should be pursued in order to facilitate
advancements in prevention, surgical reconstruc-
tion, and postoperative rehabilitation of these inju-
ries, especially in high risk populations.

CONCLUSION

ACL injuries were present in relatively equal num-
bers between males and females (53.8% versus
46.2%). The majority of ACL tears (78.2%) occurred
in the midsubstance or proximal fibers. Hearing mul-
tiple “pops” at the time of injury may be associated
with more concomitant injuries. The incidence of
primary and second ACL tears in this population was
comparable to previous studies. Second ACL injuries
differed statistically from primary injuries in associa-
tion with tear type and location. In summary, this
study provides valuable information regarding demo-
graphic and risk factors associated with primary and
second ACL tears, which may be utilized in the pre-
vention and rehabilitation of ACL injuries.
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