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ABSTRACT
Objective: The purpose of this study was to describe the clinical features in the subacute phase after surgical
reconstruction of complete anterior cruciate ligament rupture (ACLR) with respect to healthy participants.
Methods: A case-control observational study was performed. A total sample of 80 participants was recruited from an
outpatient clinic and divided into case (n = 40 patients after ACLR reconstruction in subacute phase) and control (n =
40 healthy participants) groups. Outcomes, including pain intensity, range of motion (ROM), stability, and
functionality were assessed by the visual analogue scale, universal goniometer, the Star Excursion Balance Test, and
the Western Ontario and McMaster Universities Osteoarthritis Index, respectively.
Results: There were no statistically significant differences (P N .05) for sex, side, age, and body mass index between
patients with ACLR after reconstruction surgery and healthy participants. Statistically significant differences (P b
.001) with a large effect size (Rosenthal r) from -0.86 to -0.93 were shown for ROM (median ± interquartile range
[IQR], -70.00° ± 10.00°) and Star Excursion Balance Test (mean ± standard deviation, -38.31 cm ± 4.52 cm)
reduction, as well as higher visual analogue scale (median ± IQR, 7.00 ± 1.00) and Western Ontario and McMaster
Universities Osteoarthritis Index (median ± IQR, 68.77 ± 6.29) scores in favor of the ACLR reconstructed group, with
respect to the healthy control group.
Conclusions: Measurable clinical differences of functionality, stability, and ROM should be considered during the
evaluation of patients at a subacute period after complete ACLR reconstruction surgery with respect to healthy
matched controls. (J Manipulative Physiol Ther 2018;41:596-601)

Key Indexing Terms: Anterior Cruciate Ligament; Anterior Cruciate Ligament Reconstruction; Physical Therapy
Modalities; Rehabilitation
INTRODUCTION

More than 100 000 anterior cruciate ligament ruptures
(ACLR) have been reported in the United States each year.
From 80 000 to 250 000 new cases of ACLR per year
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occurred in the young athletic population.1 The frequency
of ACLR and meniscal injury may reach 0.35% and may be
positively influenced by the increase of body mass index
(BMI). Osteoarthrosis, disability, and high sanitary costs
were recognized as consequences of ACLR.2 Recently,
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ACLR may commonly appear in school sports. Indeed,
noncontact mechanisms seemed to be the most frequent origin
of ACLR. Despite x-rays, a radiological study may rule out
concomitant injuries; magnetic resonance imaging may be
considered the gold standard technique to diagnose ACLR.3

The most common surgical arthroscopy method for
ACLR reconstruction was the autologous graft. Among
these, the bone-tendon-bone (B-T-B) technique in the
central third of the patellar tendon or the hamstring tendon
(H-T) technique of the semitendinosus and gracilis may be
considered first-line graft methods. Benefits and complications
of these autologous graft methods are deeply known.4 The
subacute phase after complete ACLR comprised a long resting
period. Despite several interventions that were applied to
accelerate the graft healing process, the clinical features and
methods remain controversial during this subacute phase.5

Various physical medicine interventions have been applied
after complete ACLR reconstruction. Stretching techniques,
strengthening exercise, electrical current stimulation, and
functional exercises have been commonly included in the
rehabilitation process. Early rehabilitation does not seem to
show harmful effects; however, further research should be
carried out that assesses the clinical features of patients after
ACLR reconstruction to establish new objectives in the
rehabilitation schedule during the subacute phase.6 Therefore,
the main aim of this research was to describe the patients’
clinical features, such as range of motion (ROM), stability, and
functionality in the subacute phase after surgical reconstruction
of complete ACLR with respect to healthy participants.
METHODS

Design
A case-control observational study was performed from

February toDecember 2016, considering the Strengthening the
Reporting of Observational Studies in Epidemiology
statement.7 Previously, the Interventional Ethics Research
Committee (Nuestra Señora de SonsolesHospital, Spain, code:
11-26-2015) approval was obtained. Furthermore, the signed
informed consent forms were required before the study started.
The nationalOrganic Lawof ProtectionData (15/1999) and the
Declaration of Helsinki were considered.8
Participants
A total of 80 participants were recruited from a Spanish

outpatient clinic (patients for the case group and compan-
ions for the control group) and divided into case (n = 40)
and control (n = 40) groups. The criteria for inclusion in the
study comprised those aged between 18 and 55 years, those
from subacute phase (from 1 week to 3 weeks) after
unilateral reconstruction surgery of complete ACLR, and
diagnosed previously by magnetic resonance imaging
medical study (for the case group),9 as well as healthy
participants without any surgery or condition in either lower
limb (for the control group).10 The criteria for exclusion in
the research embraced previously diagnosed bilateral
conditions in the medical record, such as L1-S4 radiculo-
pathy, peripheral neuropathy in the lower limbs, fractures,
rheumatoid diseases, prior surgical interventions in the
lower extremities, complications after ACLR reconstruc-
tion surgery, current rehabilitation treatment, cognitive
impairment, and prior diagnosis of at least 0.5 cm shorter
lenth difference between both lower limbs.9,10
Demographic and Descriptive Data
For both groups, the demographic data were sex (male or

female), age (year), side (left or right knee) and BMI (kg/m2

calculated by the Quetelet’s index).11 For the case group,
graft type (B-T-B or H-T),4-6 time after surgery (days),
heparin treatment,12 associated conditions number, and
injured structures, such as internal or external meniscus,
internal or external lateral ligaments injuries, chondropathy
and posterior cruciate ligament, were registered.2,9
Outcomes
All measurements for the case group were carried out

during the subacute phase (from 1 week to 3 weeks), after
unilateral reconstruction surgery of complete ACLR and
before the start of rehabilitation treatment. Therefore, pain
intensity, ROM, stability, and functionality were assessed.9

Considering pain intensity, the visual analogue scale
(VAS) of 10 cm was collected from no pain (0 cm) to the
worst pain (10 cm). The VAS was shown to be a
measurement tool with high reliability and validity for
evaluating musculoskeletal conditions of the knee.13,14

Regarding ROM, a universal goniometer from 0° to 360°
interval was used for measuring flexion mobility of the knee
in prone placement (Fig 1). Indeed, the lateral epicondyle of
the femoral bone coincided with the fulcrum center, and 0°
was considered as full knee extension. This method was
shown to be a reliable measurement tool for assessing
participants with knee musculoskeletal injuries.14

With respect to lower limb stability, the Star Excursion
Balance Test (SEBT) may be considered a reliable and valid
tool for measuring dynamic postural control impairments of
patients with lower extremity pathologies. A total of 5
repetitions for each 1 of the star directions was performed.
The distance was measured (cm) from the star center
(coinciding with the lower limb for evaluation) to the
farthest point of each direction (marking with the distal
extreme of the nonevaluated lower limb). The final score
was performed with the 5 repetitions mean in each
direction, divided by the lower limb length (multiplied by
8 directions), and multiplied by 100.15,16

With regard to knee functionality, The Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC)
was applied. This tool has demonstrated high validity and



Fig 1. Knee flexion measurement by means of the universal goniometer.
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reliability for assessing functional features in participants after
knee surgery. A total of 24 items (0-68 points) with domains,
such as pain (5 items from 0-20 points), stiffness (2 items from
0-8 points), and physical function (17 items from 0-68 points)
was self-reported during 5 minutes, approximately. Higher
values may show a worse functionality grade.17,18
Sample Size
Based on a prior case-control study evaluating clinical

outcomes between different ACLR types, which was
carried out by Ahn et al,19 a convenience sample of 80
participants was considered. Therefore, 40 participants for
each group were included.
Statistical Analysis
The SPSS 23.0 statistical software (IBM Corp, Armonk,

New York) was used for the statistical analysis, with a 95%
confidence interval (α error = 0.05), and was considered a
statistically significant difference if P b .05. First, the
Kolmogorov-Smirnov test was performed to evaluate
normality. Frequency for qualitative variables, mean ±
standard deviation (SD) for parametric data, and median ±
interquartile range (IQR) for nonparametric data, as well as
minimum and maximum values were use to describe the
demographic, descriptive, and outcomes data. The Fisher’s
exact test was performed to analyze differences for sex and
lower limb side between both groups. Considering
normality distribution and variance homogeneity (Levene
test), Student’s t test for independent samples or χ2 tests
were utilized to assess differences for age andBMI between case
and control groups. Regarding non-normality distribution,
Mann-Whitney U test completed with the effect size by means
of the Rosenthal “r” was performed for the outcome
measurements (ROM, SEBT,WOMAC, and VAS) to compare
differences between the ACLR reconstructed group and the
healthy control group. Thus, Rosenthal “r”was calculated by the
formula r ¼ Z

√N and interpreted as small (r = 0.1), medium (r =
0.3), or large (r = 0.5) effect size for the nonparametric data.20,21
RESULTS

Demographic and Descriptive Data
Regarding Table 1, there were not statistically significant

differences (P N .05) for sex, side, age, and BMI between
patients with ACLR after reconstruction surgery and healthy
participants. Considering the case group, 20 (50%) patients
with B-T-B and 20 (50%) patients with H-T graft types were
recruited, illustrating a mean ± SD of 15.85 ± 1.82 days after
surgery. Indeed, 23 (57.5%) patients received heparin
treatment. Furthermore, a median ± IQR of 1.00 ± 1.75,
associating conditions to ACLR, was presented. Specifically,
21 (52.5%) internal and 1 (2.5%) external meniscus, 4 (10%)
internal and 0 (0%) external lateral ligaments, 10 (25%)
chondropathies and 1 (2.5%) posterior cruciate ligament were
shown to be injured at the same time.
Clinical Features
The clinical features differences between case and control

groups are shown in Table 2. Statistically significant
differences (P b .001) with a large effect size (Rosenthal r)
from -0.86 to -0.93 were shown for ROM (median ± IQR,



Table 1. Demographic and Descriptive Data Between Case (ACLR Reconstruction Surgery) and Control Groups (Healthy Participants

Data
ACLR Surgery
Case Group (n = 40)

Healthy Participants
Control Group (n = 40) P value

Sex, male/female 25/15 17/23 .117 a

Side, right/left 21/19 20/20 .999 a

Age, y 33.02 ± 8.70 35.90 ± 10.12 .177 b

BMI, kg/m2 24.26 ± 3.55 23.50 ± 3.00 .301 b

ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; SD, standard deviation.
a Frequency and Fisher’s exact test were used.
b Mean ± SD and Student’s t test for independent samples were applied.

Table 2. Clinical Features Between Case (ACLR Reconstruction Surgery) and Control (Healthy Participants) Groups

Outcomes
ACLR Surgery
Case Group (n = 40)

Healthy Participants
Control Group (n = 40)

M-W U Test
P value

Effect Size
Rosenthal r

ROM, degree 90.00 ± 10.00

(60.00-110.00) a

160.00 ± 0.00

(150.00-160.00) a

b.001 -0.92

SEBT, cm 58.52 ± 4.46

(47.62-68.34) b

97.10 ± 2.67

(91.49-99.48) a

b.001 -0.86

WOMAC 69.45 ± 7.29

(59.37-76.04) a

0.00 ± 1.00

(0.00-4.00) a

b.001 -0.88

VAS 7.00 ± 1.00

(5.00-8.00) a

0.00 ± 0.00

(0.00-0.00) a

b.001 -0.93

ACLR, anterior cruciate ligament reconstruction; IQR, interquartile range; M-W, Mann-Whitney; ROM, range of motion; SEBT, Star Excursion Balance
Test; SD, standard deviation; VAS, visual analogue scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

a Median ± IQR (minimum-maximum) was used.
b Mean ± SD (minimum-maximum) was applied.
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-70.00° ± 10.00°) and SEBT (mean ± SD, -38.31 cm ± 4.52
cm) reduction, as well as higher VAS (median ± IQR, 7.00 ±
1.00) and WOMAC (median ± IQR, 68.77 ± 6.29) scores in
favor of the ACLR reconstructed group, with respect to the
healthy control group.
DISCUSSION

This study may be considered the first case-control study
to describe the clinical characteristics in patients after
ACLR reconstruction. Our hope is to use this information to
develop new early rehabilitation purposes. Our findings
show the clinical features to consider during the evaluation
of patients at a subacute period after complete ACLR
reconstruction surgery. The differences, with respect to the
healthy control group, may be used as a clinical reference
and an objective to reach the normalized values of pain
intensity, functionality, stability, and range of movement.
)

This is the first study to compare clinical characteristics
between ACLR reconstructed patients and healthy partic-
ipants in a subacute phase before the start of rehabilitation.
Nevertheless, prior case control studies about ACLR were
focused on different aims, such as surgery types,19 genetic
factors,22 associated bimeniscal repair,23 or angiogenesis.24

Thus, ACLRmay be considered as a continued research focus.25

Regarding pain intensity, 7.00 ± 1.00 VAS scores
indicated a pain degree between moderate and severe in this
subacute phase, after ACLR surgery.13 Thus, these values
may be used as a clinical improvement in the return to
sports participation.26 Furthermore, the 33% of clinical
significance and 20% of variability should be considered
during the VAS assessment.13

With respect to ROM, a knee flexion reduction of -70.00° ±
10.00° was stated as a clinical difference value between both
groups. Prior studies established that a difference of 15° active,
non–weight-bearing ROMmay be clinically important during
the rehabilitation treatment of knee conditions.27
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Considering functionality, a clinical difference of 68.77 ±
6.29 scores in theWOMACscalewas shown between case and
control groups. However, the 20% minimum clinically
important difference in theWOMACscale could be considered
for knee injuries treatment between both groups.28

According to stability, a SEBT reduction of -38.31 cm ±
4.52 cm may be stated as a difference of this clinical feature
between ACLR reconstructed patients and healthy partic-
ipants. This outcome measurement has been used as a main
criterion for return to sport after ACLR reconstruction with
lower reinjury risk.29 In addition, the SEBT was utilized as
a screening tool to evaluate dynamic postural-control deficits in
participants with ACLR (range from 0.5-2 years after injury),
considering all 8 directions of the SEBT, with respect to the
matched limb of a healthy control group. Indeed, the anterior,
lateral, posteromedial, and medial directions, showed worse
dynamic postural-control stability (5%-28%). Furthermore, the
noninjured extremity of the ACLR reconstructed group
showed worse values than the control in the medial and lateral
directions (22.8%-15.2%).15
Practical Applications
• The clinical features to consider during the
evaluation of patients at a subacute period
after complete ACLR reconstruction surgery
were reported.

• The differences between healthy matched
control group may be considered as a clinical
reference and objective to reach the normal-
ized values of pain intensity, functionality,
stability, and range of movement.

• This is the first study to compare clinical
characteristics between ACLR reconstructed
patients and healthy matched controls before
Limitations
Firstly, the sample sizewas based on a prior case-control study

about ACLR reconstruction surgery.19 Thus, the type II error
possibility could be considered. Secondly, other recommended
outcomemeasurements for ACLR reconstruction protocols, such
laxity of the knee, International KneeDocumentationCommittee,
Anterior Cruciate Ligament-Return to Sport After Reinjury,
Tampa Scale of Kinesiophobia-11, Single Assessment Numeric
Evaluation, hop tests, and isokinetic exercises have not been
considered.29 Third, the WOMAC Spanish validation was
specifically developed for knee osteoarthritis.17,18 Nevertheless,
this scale has been commonly used to measure functionality with
ACLR reconstructed patients.9
the start of rehabilitation.
CONCLUSION

In conclusion, measurable clinical differences of pain
intensity, functionality, stability, and ROM should be
considered during the evaluation of patients at a subacute
period after complete ACLR reconstruction surgery, with
respect to healthy matched controls.
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