
Mahmoud et al. 
Bulletin of Faculty of Physical Therapy            (2024) 29:2  
https://doi.org/10.1186/s43161-023-00170-7

ORIGINAL RESEARCH ARTICLE Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Bulletin of Faculty 
of Physical Therapy

Efficacy of modified active physical therapy 
program on pain, muscle strength, and function 
in adolescent football players with osteitis pubis
Waleed S. Mahmoud1,2*   , Marwa M. Ibrahim3,1 and Nadia L. Radwan4,1 

Abstract 

Background  In athletes, osteitis pubis (OP) is considered a major cause of chronic groin pain. In addition to the dif-
ficulties with diagnosis, controversy exists regarding the most appropriate treatment approach. The study aimed 
to evaluate the effect of a modified active physical therapy program (MAPT) on pain, hip and trunk muscle strengths, 
and lower extremity function in adolescent football players with OP.

Methods  Fifty football players aged from 12 to 18 years with OP were included and allocated into two groups: 
the MAPT group (n = 24) and the traditional physical therapy (TPT) group (n = 26). Each group received a different 
treatment protocol for 60 min applied 3 times/week for 12 weeks. A visual analog scale, digital hand-held dynamom-
eter (HHD), and lower extremity functional scale (LEFS) were used to measure pain, hip and trunk muscle strengths, 
and lower limb function, respectively, at baseline and 12 weeks post-intervention.

Results  There was a highly significant difference in the TPT group’s pain score (p < 0.001) compared with the MAPT 
group. Also, the strength of hip flexors, abductors, adductors, internal rotators, external rotators, and trunk flexors 
and extensors improved significantly (p < 0.05) than the TPT group. However, the between-group analysis revealed 
that the strength of hip extensors and LEFS in the MAPT group achieved a highly significant difference (p < 0.001) 
compared with the TPT group.

Conclusion  MAPT could be recommended strongly in the rehabilitation of OP in adolescent football players in which 
the functional abilities of OP patients improved because of reduced pain levels and increased hip and trunk muscle 
strength. (IRCT20210909052421N3, Iranian Registry of Clinical Trials, https://​www.​irct.​ir/​trial/​68946/​pdf, 9-April-2023).
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Introduction
Osteitis pubis (OP) is a painful inflammatory lesion 
affecting the symphysis pubis and the surrounding soft 
tissues. This type of inflammation is characterized by 
chronicity which can be disabling if misdiagnosed or 
mismanaged [1]. Insidious onset of hip adductor pain 
and abdominal ache, along with pain in the symphysis 
pubis, is the chief complaint of OP patients [2]. Symphy-
sis pubis pain may be unilateral or bilateral, aggravated by 
running, ball kicking, hip motion, and rectus abdominis 
eccentric force [3]. Continued activity with OP could 
develop progressive deterioration, which demands 
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prolonged rehabilitation time. The incidence of OP has 
been described as high as 5–13% in football players [4]. 
Playing football involves sprinting, cutting, and kicking; 
these movements develop forces leading to severe biome-
chanical strain on the pubic symphysis and its surround-
ing soft tissues [5].

The most common mechanism of OP development is 
the repetitive traction forces placed on the pubic sym-
physis, especially in the presence of muscle imbalance 
in the lumbopelvic-hip region [6]. The abdominal and 
hip adductor muscle imbalance, which increases dur-
ing growth and reaches its peak in adolescence, has been 
proposed as a causative factor in OP [7]. This muscle 
imbalance disrupts the equilibrium of forces around the 
symphysis pubis leading to chronic microtrauma [8].

Exercise-related unilateral lower abdominal and ante-
rior groin pain that can extend to the perineum, inner 
thigh, and scrotum is the most common complaint of 
athletes. Resting helps to reduce pain primarily. How-
ever, even with the resolution of symptoms after a period 
of rest, the soreness frequently reappears when playing 
again. Pain can occur gradually, but 71% of athletes will 
relate the recurrence to a specific event like trunk hyper-
extension that increases tension in the pubic region [9]. 
The signs and symptoms of OP include (a) a subjective 
complaint of deep groin or lower abdominal pain; (b) 
pain that is aggravated with sport-specific movements 
like sprinting, kicking, and/or sit-ups and is relieved by 
rest; (c) palpable tenderness over the pubic ramus at the 
insertion of the rectus abdominus; (d) pain with resisted 
hip adduction at 0, 45, and/or 90° of hip flexion; and (e) 
pain with resisted abdominal curl-up [10].

Various treatment modalities for OP have been sug-
gested. Those treatment modalities are generally based 
on specialists’ experiences in clinical practice, not on 
results obtained from well-controlled, randomized clini-
cal trials. The main conservative treatment methods 
include rest, activity reduction, ice, and anti-inflamma-
tory medication. Therapeutic exercises have been shown 
as the most appropriate protocol for treating OP patients 
[10]. Hölmich et al. [11] compared the results of the ther-
apeutic program (abdominal and hip muscle strength) 
with passive physiotherapy methods (stretching, TENS, 
and laser therapy) and reported positive outcomes for the 
therapeutic exercise group in terms of pain reduction and 
early return to sports activity. Stretching exercises and 
adductor or abdominal muscle strengthening programs 
were considered in many studies [12–14]. Also, Wol-
lin and Lovell [15] suggested a program of gluteal and 
adductor muscle strength in addition to inner core stabil-
ity exercises for treating OP patients.

It is crucial, and it is necessary to develop a new 
active physical therapy program correcting the 

muscle imbalance around the lumbopelvic-hip region 
and improving the neuromuscular control of the pelvis. 
In our suggested MAPT program, Jardí et  al. [16] pro-
tocol was used as a baseline, with some modifications 
based on the recommendations of other previous stud-
ies [17–19]. Our program focused more on core training, 
plyometric exercise, high-intensity unilateral exercise, 
and eccentric exercise through four program stages. Also, 
the duration of each stage and the total time of each exer-
cise were modified according to the athlete’s progression.

Pain and muscle strength assessment is recommended 
in patients with OP [20]. Most evidence supports the 
strength loss correlation with OP [21]. So, the purpose of 
this randomized clinical trial was to compare the effect of 
a MAPT program with TPT on pain, hip and trunk mus-
cle strengths, and lower extremity function in adolescent 
football players with OP.

Study design and setting
It was a randomized, single-blinded, parallel-group, 
clinical trial study. The study was approved by the Stand-
ing Committee of Bioethics Research (SCBR) (SCBR-
072-2022), and all the methods were accomplished in 
agreement with the Declaration of Helsinki. Parental 
consent was obtained before participating in the study. 
All assessments and interventions were carried out at 
the outpatient clinic of the Health and Rehabilitation 
Sciences Department, College of Applied Medical Sci-
ences, Prince Sattam bin Abdulaziz University, Al-Kharj 
City, Saudi Arabia in the period between June 2022 and 
January 2023. The following identifier has been assigned 
to the study on the Iranian Registry of Clinical Trials: 
IRCT20210909052421N3.

Patients’ allocation
A total of 65 male beginner adolescent football players 
suffering from OP were eligible for this study. They were 
collected from football junior clubs in Al-Kharj City, 
Saudi Arabia. After considering the inclusive items, only 
58 athletes were chosen. A flowchart of athletes’ drop-
out and exclusion is shown in (Fig. 1). The players’ ages 
ranged from 12 to 18  years, with a history of OP pain 
extended by more than 3 months. Sports medicine spe-
cialist and orthopedic surgeon examined all included 
players. The diagnosis was attained from the athletes’ 
medical history, physical examination, and confirmed 
by MRI image. The athletes were included in the study 
if they have (1) unilateral or bilateral groin pain that 
increases with movements such as sprinting, cutting, 
and sit-ups and disappears by rest, (2) positive squeeze 
test [22], (3) a positive symphysis pubis stress tests [23], 
(4) pubic bone and pubic symphysis joint tenderness 
with palpation. While exclusion criteria were: femoral 
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or inguinal hernia; chronic urinary tract disorder or 
prostatitis; disease, fracture of the pelvis or lower limbs 
preventing the participant from completing the treat-
ment plan; genitofemoral entrapment or lower back pain; 
inability to follow the active physical training plan. Non-
steroidal anti-inflammatory medicine was used during 
the study.

Randomization
After considering the inclusive items, each of the 58 
athletes was given a number. A researcher who was 
not involved in the study performed the randomization 
using enclosed envelopes. Each envelope with a labeled 
card as either a MAPT or TPT group. Each athlete was 

requested to choose an enclosed envelope, 1:1 sim-
ple randomization. The examining researcher was not 
included in the randomization process and is still una-
ware of the group allocation. During their assessment, 
athletes were asked not to report their treatment allo-
cation to the examiner.

Outcome measures
Visual analog scale (VAS), handheld dynamometer, and 
lower extremity functional scale (LEFS) were used to 
measure pain, hip and trunk muscle strength, and lower 
limb function, respectively, at baseline and 1 week after 
the end of the treatment period for both groups.

Fig. 1  Flowchart of athletes’ dropouts and withdrawals
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Assessment
Pain assessment
For the evaluation of pain severity, a VAS was used. Pain 
assessment was done during the performance of the 
Squeeze test. The examiner’s clenched fist was positioned 
at the knee’s level between the athlete’s legs with nearly 
45° of hip flexion and knee flexion with heels flat on the 
bed surface. The examiner asked the athlete to contract 
both adductor muscles maximally at the same time to 
squeeze the fist efficiently [5]. On the 10-point line of the 
VAS, the athlete was asked to mark his pain level. The 
pain that the participant experienced was recorded for 
data analysis. The Squeeze test has been shown to be reli-
able in measuring the presence of pain in patients suffer-
ing from OP [11].

Hip and trunk muscle strength assessment
The digital hand-held dynamometer (HHD) (Power 
Track II Commander, JTECH Medical, Salt Lake City, 
UT) and an evaluation table were used for assessment. 
It is a reliable and valid tool to evaluate isometric trunk 
and hip muscle strength [24]. Moreover, it is a cheap and 
easy tool to use, making it suitable for the clinical setting. 
Before testing, the HHD was calibrated, and all test pro-
cedures were standardized. All assessment was carried 
out by a physiotherapist with prior experience using this 
dynamometer.

Strength measurements were obtained from hip flexors, 
extensors, abductors, adductors, external, and internal 
rotators, and trunk flexors and extensors. Table 1 shows 
a detailed description of the tested muscles, the subject 
position, the physiotherapist position, and the dynamom-
eter placement. All strength tests were isometric strength 

tests with selected test positions based on protocols fre-
quently used in clinical settings [20]. The physiotherapist 
applied resistance in an exact position and the athlete 
being tested performed a 5-s maximal voluntary isomet-
ric contraction against the dynamometer.

The eight-muscle group test sequence was given in a 
randomized order between athletes at the first test ses-
sion, and this test sequence was kept in the same order 
for the same athlete at the re-evaluation session. After 
the athletes were instructed in the procedures, they were 
asked to perform one sub-maximal isometric contrac-
tion into the physiotherapist’s hand, to ensure that the 
correct action was performed. An extra practical trial, in 
the form of a maximal voluntary contraction against the 
dynamometer, was then introduced. The mean value of 
three consecutive measurements is presented. Every trial 
was followed by a 30-s rest time. The examiner’s com-
mand was “Go ahead-push push-push and relax” [25]. 
Five minutes of rest were allowed in between the exami-
nation of each muscle group.

Functional assessment
The lower limb functional disability was measured using 
the lower extremity functional scale (LEFS), which has 
high test-retest reliability (r  =  0.94) [26]. It includes 
questions about the ability of a person to perform daily 
activities, which can be used to determine a patient’s 
functional disability of one or both lower limbs [27]. This 
scale has 20 tasks that range from 0 (indicating severe dif-
ficulty in performing the activity) to 4 (no difficulty) with 
the overall scores ranging from 0 (severe impairment) to 
80 (no impairment).

Table 1  Athlete position, physiotherapist position with fixation, and placement of resistance for the muscles examined

Muscle group Athlete position physiotherapist’s position and 
stabilization

Resistance

Hip flexors Sitting, hips, and knees flexed at 90° Front of the athlete Anterior thigh just proximal to the patella 
border

Hip extensors Prone, knee flexed to 45° To the side of the athlete; stabilizes 
the pelvis

Posterior thigh just Proximal to femoral 
condyles

Hip abductors Supine, hip, and knee extended To the side of the athlete; stabilizes 
the pelvis

Lateral femoral condyle

Hip adductors Supine, hip, and knee extended; nonin-
volved knee flexed

To the side of the athlete; stabilizes 
the pelvis

Medial femoral condyle

Hip external rotators Sitting, hips and knees flexed at 90° Front of the athlete 5 cm proximal to the Proximal edge 
of the medial malleolus

Hip internal rotators Sitting, hips, and knees flexed at 90° Front of the athlete 5 cm proximal to the Proximal edge 
of the lateral malleolus

Trunk flexors Supine lying with hands placed 
behind head and neck

To the side of the athlete; hip and knee 
joints stabilized with straps

On the sternum, below the suprasternal 
notch

Trunk extensors Prone lying position with hands placed 
behind head and neck

To the side of the athlete; hip and knee 
joints stabilized with strap

Posteriorly at T4 spinous process level
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Intervention
Both groups received a 60-min treatment session, three 
sessions/week for 12  weeks. One minute of rest after 
each set of exercises was applied. The patients performed 
a 5-min warmup before the 60-min training session 
and a 5-min cooling down after the session. One of the 
research teams supervised all training sessions. During 
the study period, athletes in both treatment groups were 
approved not to seek any other treatment for groin pain. 
No athletic activity was permitted in either group during 
the treatment period.

Traditional physical therapy (TPT)

•	 The TPT group used basic physiotherapy methods 
[18] such as manual therapy, hydrotherapy, electro-
therapy, and exercise therapy.

•	 Hydrocollator® of DJO, LLC., HotPac™ i of DJO, 
LLC. Comet® of Prestige Brands, Inc. was applied for 
5 min and was placed on the painful groin area.

•	 Transcutaneous electrical nerve stimulation was pro-
vided for the painful area for 15 min. The apparatus 
used was a Biometer, Elpha 500, frequency 100 Hz, a 
pulse width of one, and a maximum of 15 mA.

•	 Five minutes of transverse friction massage was given 
on the painful area of adduct-tor-tendon attachment 
into the pubic bone from the supine lying position.

•	 Five-minute stretching exercise for each group of 
hip flexors from prone position, hip adductors from 
both supine and crook lying positions, and hamstring 
muscles from the standing position and through 
straight leg raising in supine position, with each 
stretch lasting for 30 s and total time 15 min for all 
muscle groups.

•	 Five-minute Laser therapy at the painful points of the 
adductor-tendon attachment to the pubic bone.

•	 Resistance exercises of the hip, pelvic floor, abdomi-
nal, and gluteal muscles using elastic bands were 
delivered. Five series of ten repetitions of each exer-
cise for 15 min total.

Modified active physical therapy program (MAPT)
The MAPT in this study consists of four stages. Each 
stage lasts for 3 weeks.

Stage (1): Pain control and lumbopelvic stability

•	 Athletes received alternate cold and hot water baths 
for 15 min.

•	 Static exercises were given to the transversus 
abdominis, pelvic floor, multifidus, adductors, and 
abdominal muscles. Each isometric movement 

was performed for the 30  s, ten repetitions. Verbal 
encouragement and tactile feedback were empha-
sized with a total time of 30 min.

•	 Prolonged gentle stretching for hip flexors, hip exten-
sors, and hip adductors was applied. The stretching 
was repeated three times, and each stretch lasted for 
30 s with a total time of 15 min.

Stage (2): Strengthening and core stability exercises

•	 Resistance exercises of the hip, pelvic floor, abdomi-
nal, and gluteal muscles using elastic bands were 
delivered. Five series of ten repetitions of each exer-
cise for 15 min total.

•	 Abdominal core exercises for the transversus 
abdominis and abdominal crunch exercises, gluteal 
bridges with and without elastic bands. Each con-
traction was held for the 30 s, with ten repetitions for 
20 min total.

•	 Swiss ball exercises were used for the abdominal core 
and were held for the 30 s, ten repetitions for 10 min 
total.

•	 Eccentric adductors and abdominal strengthening 
exercises were applied. Holding for 30 s with a total 
time of 15 min.

Stage (3): Closed kinetic chain exercises and balance 
training

•	 Closed chain lower extremity exercises such as leg 
press, squat exercises, squats with a medicine ball 
between the legs, and side lunges were applied for 
20 min.

•	 Balance training on the wobble board was delivered 
for 15 min.

•	 Single-leg balance exercise with knees and hips flexed 
was done for 15 min on a 360° balance board.

•	 Slide board skating was given with 1 min continuous 
work for 10 min.

Stage (4): Plyometrics and sport-specific training

•	 Running gradually increased with changes in pace 
and direction. The first run lasted 5 mins, increasing 
to 1 min per run with a total time of 15 min.

•	 Sprinting, cutting, and turning at a subjectively esti-
mated 30% of maximum running speed for 15 min.

•	 Double leg plyometric exercise (double leg depth 
jump, double leg lateral cone jump) for 10 min.

•	 One leg plyometric exercise (single-leg forward hop, 
single-leg lateral cone jump) for 10 min.

•	 Gentle side kicking off the ball; for 10 min (the legs 
are alternated).
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During the athlete’s rehabilitation period, exaggera-
tion of the groin pain was to be avoided. Fatigue during 
exercise performance was also to be avoided. Incorrect 
movement patterns or the initiation of muscle tremors 
are considered symptoms of fatigue and require athletes 
to rest [28].

Sample size calculation
The sample size was determined with the support of the 
G-Power software version 3.0.10 (University of Dus-
seldorf, Dusseldorf, Germany). Based on the effect size 
(d = 0.4) [16], we determined that 52 athletes would be 
needed to provide an 80% chance of correctly rejecting 
the null hypothesis and a probability of 0.05. We raised 
the sample to 58 athletes in anticipation of approximately 
10% of athletes’ withdrawals.

Statistical analyses
The statistical analyses were applied using the SPSS sta-
tistical package version 23 (Chicago, IL, USA). The out-
come measures were presented as (mean ± SD). All data 
of the study’s outcome measures were checked for nor-
malization by the Shapiro-Wilk test. If normalization 
hasn’t been met, Chi-square and Mann-Whitney U tests 
were used to analyze the differences in categorical and 
nonparametric data, respectively, between the groups. 
Changes in main parameter outcomes related to pain, hip 
and trunk muscle groups’ strength, and functional test 
scores in participants of both groups were determined 
by paired and independent samples t-test within and 
between groups, respectively. The significance level was 
set at 0.05.

Results
According to the previously mentioned methodology, 50 
athletes completed the study, and there were no passive 
or unwanted responses reported during the treatment 
period. The participants in both groups had practiced 
regularly with an overall attendance of 97% during the 
study period. There were no significant differences 
(p  >  0.05) between the MAPT and the TPT groups in 
the baseline demographic and the clinical characteris-
tics including age, height, body mass, BMI, preferred 
and affected leg, onset, and duration of symptoms, as 
depicted in Table 2.

The football players in the MAPT group experienced a 
reduction of the pain level by 25.3% and they improved 
their hip extensors (43.5%) and trunk flexors (32.9%) 
extremely significantly. Besides, they gained a moder-
ately significant increased muscle strength in hip flexors 
(21.5%), abductors (24.3%), adductors (24.7%), internal 
(26.9%) and external rotators (24.7%), trunk extensors 
(19%), and in their lower extremity function (16.9%). For 

the TPT group, the athletes improved highly significantly 
in the outcome of pain (63.2%), while the hip and trunk 
muscle groups’ strength and the LEFS did not show any 
significant changes (p > 0.05) as shown in Table 3.

The analysis of between-group scores revealed that the 
strength of hip extensors and LEFS in the MAPT group 
achieved an extremely significant difference (p  <  0.001) 
when compared with the TPT group, as given in (Fig. 2). 
The other variables: the strength of hip flexors, abductors, 
adductors, internal rotators, external rotators, and trunk 
flexors and extensors, improved significantly (p  <  0.05) 
than the TPT group. However, there was a highly signifi-
cant difference in the TPT group’s pain score (p < 0.001) 
compared with the MAPT group, as shown in Fig. 2.

Discussion
OP is a difficult clinical problem due to little consen-
sus on the proper treatment. It has been reported as 
a self-limiting condition that will eventually resolve 
with extended rest periods [28]. Recently, the use of an 
active training program aimed at enhancing lumbopelvic 

Table 2  The demographic and baseline clinical characteristics 
data of both groups

Data are presented as mean ± SD

BMI body mass index, MAPT modified active physical therapy, TPT traditional 
physical therapy, IQR inter quartile range

P* non-significant difference (Independent samples t-test)

P** non-significant difference (chi-square test)

P† non-significant difference (Mann-Whitney U test)

MAPT group (n = 24) TPT group (n = 26) P

Mean ± SD

Age (years) 15 ± 1.2 14.8 ± 2.1 0.77*

Height (cm) 159.3 ± 3.1 162 ± 4.1 0.08*

Body mass (kg) 57.8 ± 3 59.5 ± 2.9 0.2*

BMI (kg/m2) 21.4 ± 1.3 21.9 ± 1.1 0.3*

No. (%)

Preferred leg 0.9**

  Right 18(75%) 20 (77%)

  Left 4 (16.7%) 5(19%)

  Equal 2 (8.3%) 1 (4%)

Affected limb 0.3**

  Right 17 (71%) 20 (77%)

  Left 6 (25%) 4 (15%)

  Bilateral 1 (4%) 2 (8%)

Onset of injury 0.9**

  Acute 6 (25%) 8 (31%)

  Gradual 18 (75%) 18 (69%)

Median (IQR)

Duration 
of symptoms 
(weeks)

11(11–14.5) 10.5 (9–13) 0.6†
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stability has been suggested. The purpose of this study 
was to develop and evaluate the effect of a MAPT pro-
gram on pain, hip and trunk muscle strength, and lower 
extremity function in adolescent football players with 
OP. In the present study, the statistical analyses revealed 
that both groups behaved differently to the two types of 
treatment. The players of the MAPT group responded 
more significantly in terms of their pain level, hip and 
trunk muscles’ strength, and LEFS scores. However, the 
TPT group improved only their level of pain post-treat-
ment. Comparing the post-treatment results between 
both groups revealed that MAPT was superior to the 
TPT in the outcomes of hip and trunk muscles’ strength 
and lower extremity function, while the TPT was only 
superior in the measures of pain. The differences in the 
intervention protocol may account for the differences in 
results. In the current study, the improvement found in 
the MAPT group could be due to the application of dif-
ferent exercises and techniques, which were proved sep-
arately to improve outcomes in patients with OP. This 
program consisted of four stages; each stage concentrates 
on different aspects of the athlete’s problem.

The first stage of the MAPT program was primar-
ily designed to address the particular deficiencies in 
lumbopelvic-hip motor control and improve hip muscle 
flexibility. The main concern was to facilitate the ath-
letes’ awareness of their transversus abdominis in a stable 
supine position. Jansen et al. [4] reported that the trans-
versus abdominis resting thickness is smaller in athletes 
suffering from OP and might need proper exercises. 
Hegedus et  al. [27] also indicated that training for the 
transversus abdominis, pelvic floor, multifidus, adduc-
tors, and obliques might improve hip muscle strength 

and minimize pain and discomfort. Hip flexors, hip 
extensors, and hip adductors stretching exercises were 
prescribed in this stage to improve muscle flexibility and 
hip ROM; since the flexibility of these muscles was con-
sidered to be a risk factor for injuries in elite European 
football players [6].

The second stage of the MAPT program focused first 
on the continuous correction of the lumbopelvic-hip 
motor control of the athlete via core stability exercises. 
The purpose of the corrective exercises was to incor-
porate the athletes’ transversus abdominis into unsta-
ble-based training through the use of a Swiss ball. The 
specific Swiss ball training was designed to encourage 
and strengthen the core muscles. Secondly, manual and 
resistance hip strengthening with the band was started. 
Schilders et al. [29] stated that the recruitment of motor 
units is larger when using elastic bands than when using 
a weight machine or free weights. Moreover, Via et al. [7] 
showed that core stability training and muscle strength-
ening exercises of the abdominal, adductor, flexor, and 
extensor hip muscles are successful for OP treatment. 
Finally, eccentric adductors and abdominal wall strength-
ening exercises were also applied in this stage. Eccentric 
abdominal and adductor muscle strength exercises were 
suggested to be included in the rehabilitation program 
developed for patients with OP [6].

In the third stage of MAPT, closed kinetic chain exer-
cises were introduced. Closed kinetic chain exercises 
have become common in rehabilitation partly because 
they are considered to be closer to function than open 
kinetic chain exercises [14]. As known, the adductor 
muscle group’s key action is defined as hip adduction in 
the open kinetic chain and stabilization of the lower limb 

Table 3  Differences of pain, lower limb and trunk muscle strength (N), and LEFS between MAPT and TPT groups

MAPT modified active physical therapy, TPT traditional physical therapy, N Newton, VAS visual analog scale, int rot internal rotators, ext rot external rotators, LEFS lower 
extremity function score
* Significant difference within group (paired samples t-test)
a Significant differences between groups (Independent samples t-test)

Variables MAPT group (n = 24) TPT group (n = 26)

Before (mean ± SD) After (mean ± SD) P Before (mean ± SD) After (mean ± SD) P

VAS 7.5 ± 2.3 5.6 ± 1.2 0.02* 6.8 ± 1.2 2.5 ± 0.1a < 0.001*

Muscle strength Hip flexors 21.8 ± 5.04 26.5 ± 3.59a 0.01* 20.75 ± 2.44 22.5 ± 3.5 0.1

Hip extensors 20.7 ± 2.36 29.7 ± 4.95a < 0.001* 19.35± 1.92 21.6 ± 4 0.09

Hip abductors 22.4 ± 4.38 27.85 ± 3.54a 0.003* 21.7 ± 5.94 23 ± 3.9 0.5

Hip adductors 21.65 ± 2.56 27 ± 3.74a 0.007* 20.8 ± 1.64 23.1 ± 4.4 0.2

Hip int rot 13 ± 2.5 16.5 ± 3.2a 0.007* 12.3 ± 2.9 13.5 ± 3.1 0.3

Hip ext rot 15 ± 2.8 18.7 ± 4.4a 0.002* 13.6 ± 1 13.9 ± 2.2 0.6

Trunk flexors 20.7 ± 4.3 27.5 ± 4.2a 0.001* 22.45 ± 2.65 23 ± 5.6 0.4

Trunk extensors 22.6 ± 3.8 26.9 ± 3.3a 0.008* 22.33 ± 4.5 23.7 ± 3.51 0.4

LEFS 65 ± 5.8 76 ± 4.3a 0.0001* 62 ± 4.3 67 ± 5.2 0.06
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in the closed kinetic chain. Pandey et  al. [30] suggested 
that the training program should incorporate both activa-
tion types. Therefore, we concentrated on closed kinetic 
chain exercises in this phase. Also, Balancing exercises 
using the wobble board as a support surface were incor-
porated during this stage. Heitkamp et al. [31] indicated 
in their study that balance training is not only beneficial 
for muscle strength gains but also for the correction of 
muscle imbalance.

The fourth stage of the program concentrated on 
functional integration and a return to full training. The 
advancement of lumbopelvic-hip motor control should 
be advanced and integrated into more functional tasks. 

Yousefzadeh et  al. [17] emphasized that all athletes 
should have a defined running program that would 
teach them how to progressively increase running speed, 
duration, and other aspects appropriate for returning 
to sports. Hegedus et al. [27] stated that lower limb and 
total body anaerobic power, and frequent directional 
change are all aspects of a properly planned program for 
the athlete with OP trying to return to their sport.

In this study, we developed a modified version of the 
Jardí et al. [16] protocol and aimed to evaluate its effects 
on pain, strength, and function in adolescent football 
players with OP injury. Our program stages involve more 
concentration on closed kinetic chain exercises, balance 

Fig. 2  Boxplots of outcome measures between two groups after the treatment intervention. MAPT: modified active physical therapy, TPT: 
traditional physical therapy, N: Newton
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training, and plyometric exercises. The suggested limi-
tations of the Jardí et  al. [16] protocol and associated 
suggestions are defined as follows: (a) patients were not 
allowed to stretch the adductor muscles in their study. 
Since stretching is a standard exercise recommended to 
realign the collagen fibers during muscle repair [5], we 
suggest that stretching should be a part of our program. 
(b) Changes in trunk muscle function and core muscle 
weakness have been proposed to be factors associated 
with OP in athletes [22]. We suggested that there should 
be more concentration on core exercises in the train-
ing program. (c) Besides, in the current study, plyomet-
ric exercises were applied at the last stage. The effects of 
plyometric exercises on lower limb strength have been 
reported in many research works. In a recent meta-anal-
ysis, a conclusion was made that plyometrics improved 
one repetition maximum estimated in isometric or slow 
velocity contractions in leg muscles [32], (d) the contrary 
to Jardi’s protocol; another unique feature of the train-
ing described in this study is the use of high-intensity 
unilateral exercises, and they were also done in a lateral 
direction, (e) Eccentric exercises were also highlighted as 
being of great benefit in the treatment of OP [6]. Thus, 
eccentric abdominal and adductor muscle-strengthening 
were added to our program.

Regarding the TPT group, the results revealed that 
athletes improved significantly in the outcome of pain 
(p < 0.001); this improvement might be attributed to the 
utilization of pain inhibitory modalities such as transcu-
taneous electrical nerve stimulation and laser therapy, in 
contrast to the MAPT group who received only alternate 
cold and hot water baths. In the MAPT group, the pain 
was initially a limiting factor to the exercise performance, 
but the groin pain decreased as muscle control and 
strength improved. On the other hand, all muscle group’s 
strength and LEFS did not show any significant changes 
in the TPT group. These results might be due to the use 
of passive physiotherapy modalities (like electrotherapy 
and lower limb stretching). These findings were in line 
with Hölmich et al. [11] who found that the results of an 
active training program were much better than a pas-
sive program. Their study reported that 79% of the ath-
letes managed with active training were able to return to 
pre-injury level, compared to 14% of athletes treated with 
passive training after a 7-month follow-up. The passive 
program was composed of manual therapy and electro-
therapy, while the active program aimed to improve the 
athlete’s lumbopelvic stability.

A systematic review evaluating muscle strength found 
that reduced muscle strength and/or muscle ratios were 
predictive of groin strain injury in OP [21]. It may be that 
the adductor strength (i.e., concentric and eccentric), 
as well as the adductor-to-abductor strength ratio, are 

important factors for avoiding injury [33]. Isometric hip 
strength plays a significant role in the clinical evaluation 
of football players with OP injuries. Clinically, isometric 
tests are usually favored. The benefits of isometric testing 
are that it creates less stress on the musculoskeletal sys-
tem and thereby minimizes the risk of injury [25].

In our study, the post-treatment results between the 
two groups revealed that MAPT was superior to the TPT 
in the outcomes of hip and trunk muscles’ strength as 
the MAPT program emphasized greatly on lumbopel-
vic hip muscle strength. This increased hip and trunk 
muscles strength in the current study may be related to 
the improvement in the LEFS scores. This comes in line 
with what was stated by Pandey et  al. [30] the training 
programs aiming to increase muscle strength have been 
found to produce the most significant amount of func-
tional improvement.

Strength, limitations, and future work
This study’s strengths were described as follows: it is the 
first study to examine the strength outcome of all the hip 
and trunk muscle groups via an active training program. 
The program stages were also novel regarding incorpo-
rating closed kinetic chain exercises, balance training, 
and plyometric exercises. While the study limitations 
were outlined as follows: firstly, the absence of long-term 
follow-up. Secondly, the study included only males which 
might affect generalizability, and the obtained results 
should be interpreted cautiously. Our selection of males 
was attributed to the prevention of muscle strength dis-
crepancies between males and females and possible false 
explanations of results that might occur. Regarding future 
research, we recommend a follow-up study of up to 6 or 
12 months to confirm our speculation that improvement 
in pain, hip and trunk muscle strength, and lower limb 
function together, not every variable alone, are indicators 
of complete resolve of OP. Moreover, larger randomized 
controlled and clinical trials with long-term follow-ups 
are required and recommended to clarify the effective-
ness of active OP treatment.

Conclusions
Based on the study results, MAPT could be recom-
mended strongly in the rehabilitation of Osteitis pubis 
in adolescent football players. The MAPT program 
improved the functional abilities of OP patients as a 
result of reduced pain levels and increased hip and trunk 
muscle strength.
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