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Background: Time to return-to-sport (RTS) after acute adductor injuries varies among athletes, yet we know little about which
factors determine this variance.

Purpose: To investigate the association between initial clinical and imaging examination findings and time to RTS in male athletes
with acute adductor injuries.

Study Design: Cohort study (Prognosis); Level of evidence, 2.

Methods: Male adult athletes with an acute adductor injury were included within 7 days of injury. Standardized patient history and
clinical and magnetic resonance imaging (MRI) examinations were conducted for all athletes. Athletes performed a supervised
standardized criteria-based exercise treatment program. Three RTS milestones were defined: (1) clinically pain-free, (2) com-
pleted controlled sports training, and (3) first full team training. Univariate and multiple regression analyses were performed to
determine the association between the specific candidate variables of the initial examinations and the RTS milestones.

Results: We included 81 male adult athletes. The median duration for the 3 RTS milestones were 15 days (interquartile range, 12-
28 days), 24 days (16-32 days), and 22 days (15-31 days), respectively. Clinical examination including patient history was able to
explain 63%, 74%, and 68% of the variance in time to RTS. The strongest predictors for longer time to RTS were pain on pal-
pation of the proximal adductor longus insertion or a palpable defect. The addition of MRI increased the explained variance with
7%, 0%, and 7%. The strongest MRI predictor was injury at the bone-tendon junction. Post hoc multiple regression analyses of
players without the 2 most important clinical findings were able to explain 24% to 31% of the variance, with no added value of the
MRI findings.

Conclusion: The strongest predictors of a longer time to RTS after acute adductor injury were palpation pain at the proximal adduc-
tor longus insertion, a palpable defect, and/or an injury at the bone-tendon junction on MRI. For athletes without any of these find-
ings, even extensive clinical and MRI examination does not assist considerably in providing a more precise estimate of time to RTS.
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Time to return-to-sport (RTS) varies after acute adductor comparison, numerous prognostic parameters of clinical
injuries in athletes,*® and we know little about which fac- and imaging examinations have been investigated in acute
tors determine this variance. It is unknown if initial clinical hamstring injuries, where the current literature provides
and imaging examinations can assist in estimating time to no strong evidence for any initial findings being able to pro-
RTS. This is despite acute adductor injuries being the vide precise estimates for RTS.11:1218:19 Magnetic resonance

most common acute groin injury in athletes.®'*2?! In

imaging (MRI) is currently considered the gold standard to
determine acute muscle injury extent and is also the most
frequently used imaging modality in prognostic research
The American Journal of Sports Medicine of acute muscle injuries.®®
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RTS definitions and criteria are recommended as essential
parts of prognostic research studies.!’'% Athletes also usually
receive different treatment depending on the preferences of
their treatment providers. This may affect RTS duration,
thereby also influencing the potential prognostic ability of
initial examination findings. Standardized treatment and
specific criteria for RTS are therefore essential when examin-
ing potential prognostic variables. No previous studies have
investigated the prognosis of initial examination findings in
athletes with acute adductor injuries.

Our study aim was to investigate associations between
findings of a standardized initial clinical and MRI exami-
nation of athletes with an acute adductor injury and time
to RTS after a standardized criteria-based exercise treat-
ment protocol.

METHODS

Participants

Athletes with acute groin injuries were consecutively
included in a single-center prospective cohort study over 4
sports seasons (August 2013—June 2017) at an orthopaedic
and sports medicine hospital in Qatar. Ethical approval
was obtained from the Shafallah Medical Genetics Center
and the Anti-Doping Lab Qatar Institutional Review Boards
(project Nos. 2012-013 and EXT2014000004), and informed
consent was acquired from all athletes before inclusion.
Eligibility criteria were male athletes aged 18 to 40
years who participated in competitive sports. Athletes
had to present at the hospital within 7 days of an acute
onset of groin pain that occurred during sport, and a diag-
nosis of an acute adductor injury by a sports medicine phy-
sician using a standardized clinical examination was
a requirement for this study.'* This examination consisted
of hip adduction squeeze tests in 0° and 45° of hip flexion,
resisted hip flexion in 0° and 90° of hip flexion, resisted
straight and oblique abdominal flexion, hip adductor
stretch, the modified Thomas test, the FABER test (flexion,
abduction, external rotation), hip internal rotation range of
motion restriction in 90° of hip flexion, the anterior hip
impingement test (FADIR [flexion, adduction, internal
rotation]), log roll, and palpation of all structures in the
groin region, including an inguinal canal examination if
lower abdominal pain was present. The location of the
injury was based on a minimum of 1 positive finding on
palpation, stretching, or muscle resistance testing.'*

The American Journal of Sports Medicine

Clinical examination has been shown to be accurate in
diagnosing acute adductor injuries.'® To be considered an
athlete, patients had to be officially registered through
a sports association or federation corresponding to the 2
highest national leagues in soccer or highest national com-
petition level in any other sport. Exclusion criteria were
gradual onset or exacerbation of ongoing groin pain, acute
groin pain not involving the adductors on clinical examina-
tion, clinical signs or symptoms of prostatitis or urinary
tract infection, or other known coexisting chronic diseases,
such as significant hip osteoarthritis.

Initial Examination

A standardized patient history and clinical examination
were performed by a physiotherapist before the MRI inves-
tigation. The included variables for analysis are listed in
Table 1. The clinical examination tests have been pub-
lished in detail. 517

MRI Assessment

Anonymized MRI scans were scored by 2 radiologists
(F.W.R. and E.Y.), blinded to clinical information, using
an extensive MRI scoring protocol, as previously
reported.'®16 In brief, the protocol included coronal, axial,
and axial oblique T1-weighted sequences, triplanar short
tau inversion recovery sequences, and axial oblique T2
fat-saturated and axial oblique proton density—weighted
fat-suppressed sequences.!®> MRI variables included in
the analysis are listed in Table 1. MRI injury grading
was scored from 0 to 3: grade 0, no acute injury findings;
grade 1, edema without any visible structural disruption;
grade 2, edema collection indicating partial structural
muscle fiber or intramuscular tendon disruption; and
grade 3, complete tear/avulsion.!® Muscle injury location
was grouped as (1) isolated adductor longus injury, (2)
adductor longus injury and another adductor injury, and
(3) adductor injury other than adductor longus. A primary
injury was defined according to (1) highest injury grade
and (2) highest intramuscular edema extent or amount of
retraction (with multiple grade 3 injuries only).

In general, intra- and interrater reproducibility for the
included scoring variables was substantial to almost per-
fect (kappa values, 0.70-1.00; intraclass correlation coeffi-
cient values, 0.83-1.00) with a standard error of the
quantitative measurements <5%.3
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TABLE 1
Overview of Included Patient History, Clinical Examination, and MRI Scoring Variables”
Patient History Clinical Examination MRI
Variable Scoring Variable Scoring Variable Scoring
Age y Bruising Nol/yes No. of adductor muscle 0-6
Height cm Swelling Nolyes injuries
Weight kg Adductor palpation Negative/ Muscles involved No adductor injury,
Body mass index kg/m? pain positive isolated AL, AL and
Type of sport Soccer, futsal, 0° squeeze Negative/ other adductor
other positive muscle, adductor
Injury mechanism Kicking, 45° squeeze Negative/ muscle other than AL
changing positive Primary adductor AL, adductor brevis,
direction, Passive adductor Negative/ muscle injury adductor magnus,
reaching, stretch positive pectineus, gracilis,
other Outer-range resisted Negative/ obturator externus
Maximum pain at injury NPRS, 0-10 adduction positive Highest injury grading 0-3
onset FABER test Negative/ Injury location BTJ/MTJ
Discontinuation of sport Nol/yes positive Additional injury in Nolyes
within 5 min No. of positive adductor 0-6 abdominal muscle
“Popping” sound at injury  No/yes tests group
time Palpation pain in Nolyes Additional injury Nolyes
Walking pain NPRS, 0-10 abdominal muscle in hip flexor
Dominant leg injured Nolyes group muscle group
Coughing pain Nol/yes Resistance/stretch pain  No/yes Additional injury Nolyes
HAGOS subscale 0-100 in abdominal muscle in other muscle
symptoms group group
Pain 0-100 Palpation pain in hip Nolyes For AL injuries only
ADL 0-100 flexor muscle group Proximal mm
Sport/Recreation 0-100 Resistance/stretch pain ~ No/yes intramuscular
QOL 0-100 in hip flexor muscle edema distance
Groin pain or discomfort Nolyes group from pubic insertion
on the same training or Palpation pain at Nolyes Peripheral fluid mm
match as the injury proximal AL thickness
Groin pain or discomfort Nol/yes insertion Proximal-distal mm
during the week before Distance of proximal cm intramuscular
injury AL palpation pain edema extent
Acute adductor time-loss Nolyes from pubic insertion, Medial-lateral mm
injury within the when not at insertion intramuscular
previous 2 mo before Length of AL palpation cm edema extent
injury pain Anterior-posterior mm
Other groin time-loss Nol/yes Width of AL palpation cm intramuscular
injury within the pain edema extent
previous 2 mo before Palpable defect Nolyes Intramuscular edema %
injury Ability to perform Nol/yes (pain or CSA index
Days from injury to the d eccentric adduction apprehension) MTJ injury location Proximal MTJ/distal
first supervised strength test MTJ
treatment session Eccentric adduction % Intramuscular %
Compliance with the % strength symmetry collection /
treatment ADD/ABD strength % disruption CSA
ratio on injured leg index
Hip abduction range of % Intramuscular cm®
motion symmetry collection /
Bent knee fall-out test % disruption volume
symmetry Intramuscular tendon  No/yes

disruption (grade 2
only)

“ADD/ABD, adduction/abduction; ADL, activities of daily living; AL, adductor longus; BTJ, bone-tendon junction; CSA, cross-sectional area;
FABER, flexion, abduction, external rotation; HAGOS, Copenhagen Hip and Groin Outcome Score; MRI, magnetic resonance imaging; MTJ,
musculotendinous junction; NPRS, Numerical Pain Rating Scale; QOL, quality of life.



1154 Serner et al

The American Journal of Sports Medicine

TABLE 2
Treatment Protocol Completion Criteria®

Clinically Pain-Free

Completed Controlled Sports Training Pain-Free

Adductor palpation

Maximal isometric adduction in outer-range abduction
Maximal passive adductor stretch

Hip adduction exercise with elastics at 10 RM

Copenhagen adduction exercise 10 repetitions

Linear sprinting at 100% self-reported intensity (10 X 30 m)
T test at 100% self-reported intensity

Illinois Agility Test at 100% self-reported intensity
Spider test at 100% self-reported intensity
Sports training/tests adjusted to athlete sport (eg, soccer)
e Preplanned and reactive change of directions with/without ball
e Jumps (bilateral/unilateral, horizontal/vertical)
e Straight passes, progressing distance
e Crosses (standing and running)
e Corner kicks/goal kicks
e Shooting scenarios
e One vs one

“For a detailed description of the criteria tests, see Appendixes 1 and 2 (available in the online version of this article). RM, repetition

maximum.

Treatment Protocol

All athletes followed a standardized criteria-based treatment
program based on active exercises with independent progres-
sion of basic exercises and progressive running and change-
of-direction drills, as well as a controlled sports-training/test-
ing phase. Athletes were advised to attend 5 supervised ses-
sions per week at the hospital. The details of the treatment
protocol are presented and discussed separately.'”

RTS Outcomes

Three milestones were used to evaluate the RTS contin-
uum, and number of days was calculated until (1) comple-
tion of the clinically pain-free criteria, (2) completion of the
controlled sports training, and (3) first full team training,
regardless of completion of all protocol criteria. Criteria
for items 1 and 2 are provided in Table 2, with detailed
descriptions published separately.” If athletes discontin-
ued treatment before meeting the specific completion crite-
ria, they were excluded from the analyses (considered
missing data). The “return to full team training” date
was obtained through weekly phone calls to the athlete fol-
lowing the last supervised treatment session.

Blinding

Clinical examination tests were performed by a physiother-
apist before the MRI examination, and MRI scoring was
performed by 2 experienced musculoskeletal radiologists
blinded to all clinical information. The treating physio-
therapists and athletes were not blinded to the initial diag-
nosis and MRI result, as provided by the treating sports
medicine physician. The treating physiotherapist was
responsible for phase progression and completion accord-
ing to the treatment protocol criteria, regardless of the ini-
tial clinical diagnosis and MRI findings.

Sample Size

We utilized a convenience sample based on consecutive
inclusion over 4 years (2013-2017).

Statistical Methods

The individual potentially prognostic variables were ini-
tially examined in univariate analyses for each of the 3
dependent variables (RTS milestones). Extreme outliers
(>3 SD) were removed from the analyses following discus-
sion with the treating physiotherapist. Missing data were
excluded from the analyses. By using simple scatter plots,
it was evident that most continuous variables did not have
a clear linear relationship with the dependent variables.
Additionally, the dependent variables were all right-
skewed; therefore, nonparametric tests were used for all
univariate analyses. Standardized effect sizes were
reported for continuous variables with Spearman r and cal-
culated as = for dichotomous variables. Standardized
effect sizes of 0.1 are considered small, 0.3 medium, and
0.5 large,® except for Cohen d, for which similar consider-
ations are made at >0.2, 0.5, and >0.8.2

We built explanatory multiple regression models using
a best subsets approach with the adjusted r2 value as the
selection criterion. The dependent variables were trans-
formed through natural logarithms. Independent variables
with a P value <.2 in the univariate analyses were consid-
ered candidate variables for further analyses, given a min-
imum prevalence of 10% in at least 2 variable options for
discrete and categorical variables. Multicollinearity was
tested, and where this was large, the variables with the
lowest association with the dependent variable were
removed. Five models were created: (1) history only; (2)
clinical examination tests only; (3) MRI findings only; (4)
history and clinical examination tests; and (5) history, clin-
ical examination tests, and MRI findings. Results from
models 1 to 3 were used in the development of models 4
and 5. Given the general lack of linearity, regression coef-
ficients are not reported. The total variance in time to RT'S
explained by the models is reported with an adjusted r2
with the predictor importance of each included variable.
We also performed post hoc analyses with a similar
approach. The only difference was that the dependent vari-
able of return to full team training was normally distrib-
uted, meaning that parametric statistics were used
where appropriate and no logarithmic transformations
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Excluded (n = 41):

. Declined to participate (n = 39)
Preferred rehab in club (n = 32)
Personal reasons (n =7)

. Inconsistent history of pain onset (n = 2)

Enrollment

v

v

n =81 (100%)

Included with acute adductor injury

)

Excluded (n = 6):

. Could not be contacted (n = 3).

. Out of contract, discontinued
rehabilitation & did not return to
club same season (n = 3)

<

Excluded:

Acute pain not involving the adductors (n = 28):
. Hip flexor injury (n = 23)

e Abdominal injury (n = 4)

. Hip injury (n=1)

Excluded (n = 20):
. Discontinued rehab (n = 20):
- Returned to club despite pain (n = 11)

Went on vacation (n = 1)
Went to home country to continue treatment (n = 2)
Other job/study commitments (n = 2)
Out of club contract (n = 1)
Had inguinal surgery (n = 2)
Had pubic cleft injection (n = 1)

Completed clinical pain-free criteria
n=61(75%)

)

Follow-Up

V

A

»| e

Excluded (n = 11):
Returned to club without completing
controlled sports training (n = 11)

[

Completed controlled sports training
n =50 (62%)

)

v

Returned to full team training
n =75 (93%)
e Completed controlled sports training (n = 50)

Returned to club during rehab despite pain (n = 11)
Returned after vacation (n = 1)

Returned after treatment in home country (n = 1)
Returned after other work commitments (n = 1)

Clinically pain-free, but not completed controlled sports training (n = 11)

Figure 1. Flowchart of athlete inclusion for the 3 return-to-sport time points.

were applied. All statistical analyses were performed with
SPSS software (v 21; IBM Corp).

RESULTS

Participants

A flowchart of athlete inclusion is provided in Figure 1. A
total of 81 athletes were included: mean age, 25.7 years
(SD, 4.3; range, 18-37); height, 179.6 cm (SD, 8.9; 162-
210); weight, 77.6 kg (SD, 13.7; 47-115). The majority
were soccer players (47) or futsal players (18). Other sports
included handball (5), volleyball (5), basketball (4), shot
put (1), and table tennis (1). Specific demographic data of
athletes included in the analyses are available in Appen-
dixes 1 and 3 (available in the online version of this arti-
cle), and demographic data for the 6 athletes lost to

follow-up were previously reported.!” Two extreme outliers
(>3 SD) were removed from the analyses after discussion
with the treating physiotherapist. Both had an adductor
longus avulsion. One prioritized his university studies,
and the other prioritized his full-time work. Both did not
desire to return to their previous levels of sport and had
the lowest level of compliance (33% and 48%). Thus, they
were not considered representative in terms of duration
of recovery. Both are included in the results with follow-
up on clinical measures as previously published.'”

Primary Analyses

Multiple Regression Model Without MRI. In the multi-
ple regression models based on patient history and clinical
examination, we included 25, 26, and 22 candidate varia-
bles for analysis for the 3 RT'S milestones. The final mod-
els, containing 8, 8, and 9 variables, were able to explain
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TABLE 3
Multiple Regression Models for Patient History and Clinical Examination Test Only”

Clinically Pain-Free (n = 53)

Completed Sports Training (n = 43)

Return to Full Team Training (n = 63)

Adjusted r* 0.628 Adjusted r* 0.737 Adjusted r* 0.684
Predictor Predictor Predictor
Variable Importance Variable Importance Variable Importance

Palpation pain proximal AL insertion, y/n 0.29 Palpable defect, y/n 0.26 Palpable defect, y/n 0.51
Outer-range resisted adduction pain, y/n 0.18 Compliance, % 0.18 Palpation pain AL insertion, y/n 0.11
Palpable defect, y/n 0.15 Coughing pain, y/n 0.13 Discontinuation of sport within 5 m, y/n 0.10
HAGOS-Symptoms, 0-100 0.11 Resistance/stretch pain of abdominal muscles, y/n 0.10 HAGOS-Pain, 0-100 0.10
Coughing pain, y/n 0.10 Resistance/stretch pain of hip flexors, y/n 0.10 Eccentric adductor strength test ability, y/n 0.06
Resistance/stretch pain of hip flexors, y/n 0.07 Bent knee fall out symmetry, % 0.07 Squeeze 0° pain, y/n 0.06
Age, y 0.06 HAGOS-QOL, 0-100 0.06 Walking pain, 0-10 0.03
Walking pain, 0-10 0.03 Palpation pain proximal AL insertion, y/n 0.06 Hip abduction ROM symmetry, % 0.02
Outer-range resisted adduction pain, y/n 0.04 Coughing pain, y/n 0.02

“Predictors are listed in descending order of importance. Predictor importance indicates relative importance of the final model. Adjusted
r? is presented for each of the 3 return-to-sport milestones. AL, adductor longus; HAGOS, Copenhagen Hip and Groin Outcome Score; QOL,

quality of life; ROM, range of motion; y/n, yes/no.

TABLE 4
Multiple Regression Models for Patient History, Clinical Examination Test, and MRI Variables”

Clinically Pain-Free (n = 56)

Completed Sports Training (n = 46)

Return to Full Team Training (n = 63)

Adjusted r* 0.700 Adjusted r* 0.740 Adjusted r* 0.748
Predictor Predictor Predictor
Variable Importance Variable Importance Variable Importance

MRI injury location, BTJ/MTJ 0.52 Palpable defect, y/n 0.20 MRI injury location, BTJ/MTJ 0.31
Age, y 0.16 Compliance, % 0.19 Palpable defect, y/n 0.22
Outer-range resisted adduction, y/n 0.10 Coughing pain, y/n 0.15 Eccentric adductor strength test ability, y/n 0.11
HAGOS-Symptoms, 0-100 0.09 Resistance/stretch pain of hip flexors, y/n 0.13 Discontinuation of sport within 5 m, y/n 0.09
Palpation pain proximal AL insertion, y/n 0.07 Resistance/stretch pain of abdominal muscles, y/n 0.11 HAGOS-Pain, 0-100 0.08
Walking pain, 0-10 0.03 HAGOS-QOL, 0-100 0.08 Walking pain, 0-10 0.06
Coughing pain, y/n 0.03 Bent knee fall-out symmetry, % 0.06 Palpation pain proximal AL insertion, y/n 0.05
Palpation pain proximal AL insertion, y/n 0.05 Squeeze 0° pain, y/n 0.04

MRI injury grading 0.03 Hip abduction ROM symmetry, % 0.03

(0-3)

“Predictors are listed in descending order of importance. Predictor importance indicates relative importance within the final model.
Adjusted 7* is presented for each of the 3 return-to-sport milestones. AL, adductor longus; BTJ, bone-tendon junction; HAGOS, Copenhagen
Hip and Groin Outcome Score; MRI, magnetic resonance imaging; MTJ, musculotendinous junction; QOL, quality of life; ROM, range of

motion; y/n, yes/no.

63%, 74%, and 68% of the variance in time to RTS, with the
most important predictors resulting in longer RTS times
being palpation pain at the proximal adductor longus
insertion or a palpable defect (Table 3).

Multiple Regression Model With MRI. We added MRI
variables to the results from the previous final models,
which meant inclusion of 16, 18, and 15 candidate varia-
bles for analysis. This created multiple regression models
that were able to explain 70%, 74%, and 75% of the vari-
ance in RTS duration (Table 4).

Added Value of MRI

The added value of MRI for the 3 RTS milestones was 7%,
0%, and 7%. The most important MRI predictor for longer
RTS time was an injury at the bone-tendon junction.

Multiple regression models for each examination type
are provided in Appendix 2 (available online).

Post Hoc Analyses

As palpation pain at the proximal adductor longus inser-
tion and a palpable defect were the most important clinical
predictors of longer RTS duration (correspondingly, the
MRI finding of a bone-tendon junction injury), we per-
formed additional post hoc analyses on the group of ath-
letes who did not have either of these 2 clinical findings.
We compared this group and the athletes who had positive
results for one or both tests. The group of athletes with at
least 1 positive test finding had a significantly longer RTS
time (Table 5). Results of post hoc univariate analyses on
the group of athletes without either clinical finding
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TABLE 5
Post Hoc Comparison Between Athletes With and Without Palpation Pain
at the Proximal Adductor Longus Insertion and/or a Palpable Defect®

Palpation Pain or Palpable Defect

No Yes Standardized ES P Value
Clinically pain-free” 13 [11-19], 6-33 31 [24-55], 8-79 0.501 <.001
Completed controlled sports training® 17 [15-27], 9-37 61 [31-71], 13-117 0.577 <.001
Returned to full team training? 18 [13-27], 5-41 57 [29-78], 13-112 0.560 <.001

ES, effect size.

®No, n = 42; yes, n = 17.
‘No, n = 33; yes, n = 16.
9No, n = 50; yes, n = 23.

TABLE 6
Post Hoc Multiple Regression Models for Patient History and Clinical Examination Test Only”

Clinically Pain-Free (n = 39)

Completed Sports Training (n = 32)

Return to Full Team Training (n = 49)

Adjusted r* 0.311 Adjusted r* 0.248 Adjusted r* 0.240
Predictor Predictor Predictor
Variable Importance Variable Importance Variable Importance
Eccentric adduction strength symmetry, % 0.38 Eccentric adduction strength symmetry, % 1.00 Discontinuation of sport within 5 min, y/n 0.48
Age, y 0.30 Eccentric adduction strength test ability, y/n 0.36
0° squeeze pain, y/n 0.16 0° squeeze pain, y/n 0.16
Width of AL palpation pain, cm 0.16

“Predictors are listed in descending order of importance. Predictor importance indicates relative importance within the final model.
Adjusted s presented for each of the 3 return-to-sport milestones. AL, adductor longus; y/n, yes/no.

TABLE 7
Post Hoc Multiple Regression Models for Patient History, Clinical Examination Test, and MRI"

Clinically Pain-Free (n = 39) Completed Sports Training (n = 32) Return to Full Team Training (n = 49)

Adjusted r* 0.311 Adjusted r* 0.248 Adjusted r* 0.279
Predictor Predictor Predictor
Variable Importance Variable Importance Variable Importance
Eccentric adduction strength symmetry, % 0.38 Eccentric adduction strength symmetry, % 1.00 Eccentric adduction strength test ability, y/n 0.39
Age, y 0.30 Muscles involved on MRI 0.39
0° squeeze pain, y/n 0.16 Discontinuation of sport within 5 min, y/n 0.23
Width of AL palpation pain, cm 0.16

“Predictors are listed in descending order of importance. Predictor importance indicates relative importance within the final model.
Adjusted r” is presented for each of the 3 return-to-sport milestones. AL, adductor longus; MRI, magnetic resonance imaging; y/n, yes/no.

(insertional palpation pain/palpable defect) are presented
in Appendix 3 (available online). Post hoc multiple regres-
sion results of patient history and clinical examination are
provided in Table 6. These models were able to explain
31%, 25%, and 24% of the variance in RTS duration. The
added value of MRI is shown in Table 7, where it explained
0%, 0%, and 4% more of the variance as compared with
clinical findings alone. Post hoc multiple regression results
for each examination type are provided in Appendix 4
(available online).

DISCUSSION

Our study explored which initial clinical and MRI varia-
bles are associated with time to RTS after acute adductor
injury. The most severe injuries are at the proximal adduc-
tor longus insertion and take around 4 to 11 weeks for
a full return to team training. Insertional injuries can be
identified through clinical examination with palpation
pain at the proximal adductor longus insertion, a palpable
defect, and/or MRI to identify injury at the bone-tendon
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junction. The remaining variables explain a small amount
of the variance in time to RTS. Noninsertional injuries
have a smaller variance in time to RTS, with around 2 to
4 weeks to return to full team training.

Predicting how long RTS will take is a clinical chal-
lenge. RTS decision making is influenced by medical and
nonmedical factors, which explains the wide variance in
RTS. With other acute muscle injuries, most of the
research has been done in hamstring injuries. For ham-
strings, there is no strong evidence that any initial clinical
examination or MRI finding can provide an accurate prog-
nosis for time to RT'S.11!2 Similar to our findings, the clini-
cian can get an indication of longer or shorter time to RTS
based on a few of the initial findings; however, any specific
finding or combination of findings comes with large varia-
tions in RTS timing.

Predicting RTS: With or Without MRI?

Clinical examination has some utility for clinical practice.
Athletes with proximal adductor longus insertional pain
on palpation and/or a palpable defect can expect RTS
between 4 and 11 weeks. If there is no pain on palpating
the proximal insertion and no defect, then RTS is sooner
(2-4 weeks) and the variation smaller. Within this group,
other variables of the clinical examination explain 24% to
31% of the variance, and adding MRI findings did not
improve this. This is similar to the prognosis of acute ham-
string injuries, where a study based on similar methods
showed that combining patient history and clinical find-
ings explained 29% of time to RTS and adding MRI find-
ings improved this to 32%.'° This means that in clinical
practice a precise estimate of time to RTS is not possible,
despite an extensive examination, and adding an MRI
does not help to improve accuracy.

Strengths

A great strength of our study is the standardized criteria-
based treatment program and well-defined RTS criteria.
This minimizes potential variations that could influence
time to RTS and blur the importance of the initial exami-
nation findings, thereby improving generalizability.
When nonmedical factors influence RTS decisions, athletes
may not be pain-free when returning to sport. This is not
uncommon and was also the case for some athletes in our
study, who were then excluded from the analyses. There
will therefore be higher heterogeneity among athletes at
the “return to full team training” time point in our study,
whereas the criteria for the other time points will improve
future comparisons.

Limitations

The main limitation of our study is the number of athletes
included. While this is the largest detailed study on acute
adductor injuries to date, the number of injuries included
in the multiple regression analyses was less than some
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recommendations. Although a general rule of thumb is 10
events (injuries) per variable (k), some suggest a minimum
20 events per variable!® or 50 + 8% variables’; however, as
few as 2 patients per variable have been argued as being
sufficient.! Most of our analyses were closest to the latter.
Recognizing our limited statistical power, we performed
univariate prescreening of variables, rather than prese-
lecting variables to remove, as we considered all variables
sufficiently relevant to be further explored. We chose clin-
ical examination tests and MRI features that we thought
were useful based on previous experience and the existing
literature. Additionally, we had to transform our depen-
dent variables because of nonlinearity. Both these steps
introduce a risk of overfitting our models, implying that
our model overestimates the calculated explained vari-
ance. To reduce the emphasis on statistical significance,
we chose a best subsets approach, focusing on the adjusted
r? value, to find the most relevant variables to consider for
clinicians while realizing our inability to provide a useful
model prediction formula. Even with the increased risk of
overfitting, we were able to explain a small amount of var-
iance in time to RTS. Potential future studies should focus
on optimizing study methods, such as standardizing the
exact day of examination or looking at different variables,
rather than replicating this study with a larger sample.

By using a best subsets approach for model creation, it
was evident that the less important predictors could be
substituted with other variables with only a minor reduc-
tion of the adjusted r? values. The relatively low impor-
tance of these variables is also indicated in the change of
included variables across the different RTS time points.
The most important predictors in the post hoc multiple
regression models were related to strength (either as asym-
metry or ability). This may be a key element for further
exploration. An important consideration in this regard is
that strength improves continuously following acute mus-
cle injury and more so earlier after injury.?? The variation
in the days from injury until assessment may have great
influence on the importance of this variable. We recom-
mend that potential future comparisons of strength meas-
urements be compared for specific days postinjury. This
will likely apply for most other clinical examination varia-
bles, as early improvements are also present for the extent
of palpation pain, range of motion, and level of pain
(Numerical Pain Rating Scale, 0-10).22 This is in contrast
to MRI variables, which do not change considerably during
the first week after acute injury.2® Some athletes were
unable to perform the eccentric adduction strength test ini-
tially. This is likely due to the high demands of an eccentric
test. While eccentric strength may still be relevant to mon-
itor during the treatment, using an isometric adduction
test in the initial assessment may enable most athletes to
obtain even a small force output registration to be used
in future prognostic estimations.

Another limitation is the use of a modified Copenhagen
Hip and Groin Outcome Score (HAGOS) score. The
HAGOS was not developed or validated for acute injuries
and is time-consuming to complete in daily clinical prac-
tice (takes around 10 minutes). The HAGOS normally
enquires about symptoms in the past week. This may
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influence the responses in the initial examination, spe-
cifically those related to the Sports/Recreation subscale,
as they will usually be based on perceived ability/symp-
toms rather than actual experience. The results of the
univariate analyses showed medium to large correla-
tions of the individual subscales and RTS duration, sug-
gesting that the included elements are still relevant for
acute injuries. Further exploration of an optimized self-
reported questionnaire for acute adductor injuries is
therefore recommended.

CONCLUSION

The most important predictors of a longer time to RTS
after an acute adductor injury are palpation pain at the
proximal adductor longus insertion, a palpable defect,
and an MRI injury at the bone-tendon junction. If these
findings are present, RTS will take around 4 to 11 weeks,
as compared with 2 to 4 weeks when absent. A more pre-
cise estimate of RTS currently appears unattainable
despite an extensive initial examination. MRI did not add
value to clinical examination in athletes without proximal
insertional palpation pain and/or a palpable defect.
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