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ABSTRACT 

Objective: To determine the pattern of musculoskeletal injuries incurred by physical training in patients and training 
personnel as assessed by Magnetic Resonance Imaging. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Combined Military Hospital, Abbottabad Pakistan, from Sep 2021 to Jun 2022. 
Methodology: Patients from local institutes with rigorous training schedules for their students referred to the Radiology 
Department of Combined Military Hospital, Abbottabad for musculoskeletal Magnetic Resonance Imaging were included in 
the study. Data regarding duration of symptoms, and Magnetic Resonance Imaging I findings, site, nature and grading of 
injury, laterality, and associated features, were recorded for each patient. The nature of injuries, their grading, frequency, and 
relationship among different types of injuries were assessed. 
Results: Stress fracture of the lower limbs was the most common injury associated with physical training, with 28.6% 
(n=38/105) presenting mostly in the second half of training. Maximum patients presented with the highest grade of stress 
fractures; it was more common in females, seen in 90% at the time of presentation (n=9/10). Anterior cruciate ligament injury 
of the knee was the second most common injury (20%-n=21/105). Most patients with meniscal injuries had anterior cruciate 
ligament injury. 
Conclusion: Stress fractures and knee ligamentous injuries are the most common physical training-related injuries. The 
majority of female patients had stress fractures at their first presentation. Although less common, meniscal injuries were 
significantly associated with anterior cruciate ligament injury of the knee. 
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INTRODUCTION 

 Musculoskeletal injuries (MSIs) comprise 
approximately 150 diagnoses related to injuries of 
ligaments, tendons, muscles, bones and joints. Stress 
fractures constitute a large proportion of MSIs, 
however with the help of Magnetic Resonance 
Imaging (MRI), a multitude of stress-related trauma 
patterns including ligaments, muscles and tendons 
have been documented.1,2 MRI forms the gold 
standard for detecting musculoskeletal injuries due to 
its exquisite soft tissue, ligamentous and bone marrow 
details. Its widespread availability, multiplanar 
imaging and high contrast resolution make it an 
effective tool for detecting MSIs.3 Tendon and bone 
injuries as a result of stress related to excessive 
physical exertion, in the absence of direct trauma, are 

sustained due to continuous overload and cumulative 
microtrauma.4 MRI has the advantage of not only 
detecting the degree, nature and site of trauma; it 
additionally recognises and assesses the adjacent 
structures for any associated injury- frequently 
accompanied in non-traumatic MSIs.5 Many of these 
injuries remain occult clinically in the acute phase,  
hence the importance of MR Imaging for early 
detection.6 

Grading of stress fractures has important clinical 
implications in the management of patients. These are 
based on MRI findings as follows: marrow oedema 
without macroscopic fracture visualised only on STIR 
images- Grade I, if appreciable on both T2W/ STIR - 
Grade II, while findings are appreciated on T1W 
images as well- Grade III; Grade IV demonstrates a 
visible fracture line in addition to marrow oedema.7,8 
Ligamentous injuries are graded according to the 
extent of damage. ACL tear is labelled as partial if it 
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shows internal signals or bowing and complete if there 
is a complete disruption in its continuity.9 

This study is aimed at identifying the trauma 
pattern associated with training exercises and its 
relation to the duration of complaints and their 
occurrence in the period of training, utilising MRI as a 
diagnostic tool. 

METHODOLOGY 

The cross-sectional study conducted at the 
Radiology Department of Combined Military 
Hospital, Abbottabad Pakistan, from September 2021 
to June 2022, after Institutional Ethical Review Board 
permission (Certificate number CMHAtd-ETH-44-Rad 
22). 

Inclusion Criteria: Patients of either gender, aged 18-
50 years participating in training activities, whether as 
trainers or trainees, (rigorous physical activities  as a 
part of their curriculum) were included in the study. 

Exclusion Criteria: Patients with a history of acci-
dental trauma (not relevant to physical exercises), 
imaging for non-musculoskeletal complaints, any co-
existing disease, were excluded. 

All patients reporting to the Radiology 
Department of Combined Military Hospital, 
Abbottabad for MR assessment of musculoskeletal 
trauma sustained during their physical training were 
included in the study. All patients underwent non-
contrast MRI on GE 1.5 Tesla MR machine with T1 and 
T2 weighted Fast Spin Echo (FSE), Short Tau Inversion 
Recovery (STIR) and Proton Density (PD) images in 
multiplanar sequences of the area involved.  Patients’ 
complaints, duration of symptoms, term (period of 
training during which injury was sustained- divided 
into four terms over two years), laterality and site, and 
findings, including nature and grading of injury, were 
recorded. The frequency of type, site and side of injury 
and their relation to the duration of complaints were 
recorded. 

Statistical Package for Social Sciences (SPSS) 
version 25.0 was used for the data analysis. 
Quantitative variables were expressed as Mean±SD 
and qualitative variables were expressed as frequency 
and percentages. Chi-square test was applied to 
explore the inferential statistics. The p-value of ≤0.05 
was set as the cut-off value for significance. 
RESULTS 

This study set out to assess the trauma patterns, 
including stress fractures, ligamentous and other bone 
injuries, and knee injuries associated with training 

exercises, and their relation to the duration of 
complaints and their occurrence in the period of 
training. There was a high frequency of positive 
findings in patients referred for MRI to assess MSIs, at 
88.5% (n=93/105). The mean age of the subjects was 
22.58±5.17 years (range 17-44 years). Young patients 
(17-25 years) formed the majority of subjects in this 
study, forming 83.8% (n=88/105) of the total subjects. 
Most subjects were males, with only 10(9.5%) females 
referred for MSK MRI (representing the overall low 
representation of females in these institutes). Most 
patients were referred for musculoskeletal MRI in the 
third term of their training (32.4%-n=34/105). 

Stress fractures involving lower limbs were the 
commonest MSI, forming 28.6% (n=38/105) of total 
injuries detected on MRI, alone or in combination with 
other injuries, followed by ligamentous injuries of the 
knee (20%-n=21/105) (Figure).  
 

 

Figure: Frequency of Musculoskeletal Injuries (MSIs) 
Sustained During Physical Training (n=105) 
 

Other injuries included bone bruise/oedema in 
association with ligamentous/ soft tissue injuries, 
ankle ligaments and upper limb trauma (latter seen as 
a result of direct trauma during training sports such as 
boxing)-labelled as combined injuries. A significant 
trend suggested that while Grade I fractures were 
more common in the 3rd and fourth terms, Grade IV 
fractures were more commonly observed in the 1st 
and second terms (p<0.001; Table-I). The duration of 
symptoms before reporting was between 1-4 months 
for most of these patients. Stress fractures were highly 
prevalent among females at the time of presentation 
(n=9/10; 90%). All of the fractures among females 
were Grade IV (p=<0.001), while in males, 
48.2%(n=14/38) had Grade IV stress fractures (Table-
II). Regarding the site of stress fractures, the neck of 
the femur with or without intertrochanteric region 
was the commonest (31.5%-n=12/38)- followed by 
medial tibial condyle and tibial diaphysis (Table-III). 
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No significant association between the duration of 
symptoms and the grade of stress fracture could be 
elucidated. 

Among ligaments, the Anterior Cruciate 
Ligament (ACL) of the knee was the commonest 
ligament to injure at 68.8%(n=31/45), maximally 
having partial tears (internal signals, without dis-
ruption) at 44.4%(n=20/45). Ankle, hip and upper 
limb joint ligaments were not commonly injured. 
Meniscal injuries were uncommon (9.5%;n=10/105). 
However, these were significantly associated with 
ACL tears; 90% of patients (n=9/10) with meniscal 
injuries had ACL tears (p=<0.001; Table-IV). 

 

Table-III: Frequency of sites of Stress Fractures (n = 38)  

Site n (%) 

Neck of femur (NOF) 4(10.5%) 

NOF/ intertrochanteric region  8(21%) 

Medial tibial condyle 10(26.3%) 

Tibial diaphysis  10(26.3%) 

Femoral diaphysis 2(5.2%) 

Metatarsal  1(2.6%) 

Pelvic bones 2(5.2%) 

Calcaneum  1(2.6%) 

Total  38(100%) 

 
Table-IV: Meniscal Injuries per Different Grades of Anterior 
Cruciate Ligament (ACL) Injuries (n = 105)  

  
Meniscal 

Injury 
Absent 

Meniscal 
Injury 

Present 
Total 

p-
value 

Knee 
Injury 
status 

Not 
Assesse

d 
51(53.7%) 0(0%) 51(48.6%) 

 
 

<0.00
1* 

Normal 13(13.7%) 1(10%) 14(13.3%) 

ACL-I 5(5.3%) 1(10%) 6(5.7%) 

ACL-II 24(25.3%) 5(50%) 20(27.6%) 

ACL-III 2(2.1%) 3(30%) 5(4.8%) 

 Total 95 10 105  

DISCUSSION 
Radiology is vital in the accurate diagnosis of 

MSIs of any nature. MRI forms the gold standard for 
musculoskeletal injury detection due to its high 
contrast resolution, ability to pick up changes in bone 
marrow, including subtle bruises and oedema, and 
demonstration of abnormalities in surrounding struc-
tures. Hence, ligaments, tendons, menisci, muscles 
and bone changes are exquisitely outlined, often 
masked at clinical examination during the acute 
phase.11,12 Additionally, MRI has multiplanar ability 
and no radiation hazard, making it a suitable modality 
for detecting and following up these injuries. It is also 
remarkable for detecting radiographically occult stress 
fractures and for the grading required for 
management.13 

The radiology department of CMH Abbottabad – 
a tertiary care hospital - receives referrals of patients 
who sustain stress-related injuries secondary to 
strenuous physical training. These patients 
demonstrate a multitude of MSIs predominantly 
involving lower limbs. In concurrence with the 
international studies, the preponderance of stress 
fractures as a consequence of physical training was 
also found in this study.14 It was followed by 
ligamentous injuries in the knee, particularly the 
anterior cruciate ligament. Stress fractures develop 
when bones are subjected to abnormal forces to which 
they fail to adapt by remodelling. This leads to the 
development of microfractures, and if the activity 
persists, bone eventually fractures.15 In this study, the 
neck of the femur and intertrochanteric region were 
the commonest sites, followed by tibial diaphysis. 

In contrast, some international studies report the 
latter as the commonest site.16 It occurred more 
commonly in the second year of physical training, 

Table-I: Stress Fracture Grades in Different terms of the Professional Physical Courses (n=105) 

  1st 2nd 3rd 4th N/A Total p-value 

 
 
Stress 

Grade I 0(0%) 1(25%) 10(76.9%) 1(20%) 0(0%) 12(31.6%)  
 

<0.001* 
Grade III 0(0%) 1(25%) 1(7.7%) 1(20%) 0(0%) 3(7.9%) 

Grade IV 4(100%) 2(50%) 2(15.4%) 3(60%) 12(100%) 23(60.5%) 

 Total 4 4 13 5 12 38  

 
Table-II: Stress Fracture Grades for Males and Females (n=105) 

  Females Males Total p-value 

Stress Fracture 

None 1(10%) 66(69.5%) 67(63.8%) 

 
< 0.001* 

Grade I 0(0%) 12(12.6%) 12(11.4%) 

Grade III 0(0%) 3(3.1%) 3(2.8%) 

Grade IV 9(90%) 14(14.7%) 23(21.9%) 

 Total 10 95 105  
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probably secondary to continuous microtrauma for a 
prolonged time. In addition, there was a significant 
ratio of stress-induced fractures in females in our 
study, which is also a well-known gender-associated 
predilection in female athletes for this type of injury.17 
Factors behind these are stated to be mainly 
anatomical differences between males and females.18 
One of the international studies, citing the significant 
difference in stress fractures between genders, has re-
commended separate training structures for males and 
females.19 In our study, female patients underwent 
training at a relatively older age than their male 
counterparts, which may be another contributing 
factor in this regard. 

Ligamentous injuries, alone or in combination 
with meniscal tears, effusion or bruises, were common 
in the knee. In this study, the anterior cruciate 
ligament (ACL) was the most common ligament 
involved in knee injuries (partial tear is more common 
than a sprain or full tear). An American study 
depicted a significantly high rate of ACL injuries in 
patients undergoing rigorous physical training pro-
fessionally compared to the general US population.20 
No significant association with meniscal injury was, 
however, identified in our study. At the same time, 
international literature has reported medial meniscal 
injury as a frequent accompanying injury.21 
Conversely, in almost all meniscal injuries, ACL tear 
was a significant association in this study. Contrary to 
international data where lateral meniscus was more 
commonly associated with ACL tears,22 this study 
showed no significant preponderance of either side 
with regards to meniscal injury (lateral: 50%-n=5/10; 
medial (40%-n=4/10). Ligaments, tendons, and bone 
injuries to the ankle and hip joint were seen less 
commonly. Upper limb injuries were only seen in 
relation to stress-induced trauma, mainly seen in the 
context of sports injuries. 
LIMITATIONS OF STUDY 

This study has the limitation that the evaluation of 
MSIs was based on a small proportion of patients, in 
particular of the female patients (owing to the disparity in 
the number of males and females in these institutes); larger 
sample size and follow-up is required to accurately assess 
the pattern trend of MSIs in patients with trauma owing to 
rigorous physical activities. 

CONCLUSION 

Stress fractures of lower limbs and anterior cruciate 
ligament of the knee were the most common injuries found 
in patients undergoing physical exercises as part of their 
professional training. Females were particularly prone to 

stress fractures and presented with the highest severity at 
first presentation. Meniscal injury, although less common, 
was significantly associated with ACL tears. 
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