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Abstract

First, we sought to better understand the predisposition of novice female runners to injury by 

identifying potential differences in running mechanics and strength between experienced female 

runners and active novice runners. Secondly, we aimed to assess the relationship between hip and 

trunk strength with non-sagittal hip kinematics during running. Two female populations were 

recruited: 19 healthy experienced runners and 19 healthy active novice runners. Strength 

measurements of the hip abductors and external rotators were measured using a hand held 

dynamometer while trunk endurance was assessed via a side-plank. Next, an instrumented gait 

analysis was performed while each participant ran at 3.3 m/s. Group comparisons were made 

using an independent t-test to identify differences in the impact peak, loading rate, peak non-

sagittal hip joint angles, trunk endurance, and hip strength. Pearson’s correlation coefficients were 

calculated between hip kinematics and strength measurements. There were no statistically 

significant differences in impact peak, loading rate, peak non-sagittal hip kinematics, or strength. 

However, the novice runners did show a clinically meaningful trend towards increased peak hip 

internal rotation by 3.8 degrees (effect size 0.520). A decrease in trunk side-plank endurance was 

associated with an increased peak hip internal rotation angle (r=−.357, p=0.03), whereas isometric 

strength was not related to kinematics. Programs aiming to prevent injuries in novice runners 

should target trunk performance and possibly hip neuromuscular control, rather than hip strength.
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INTRODUCTION

Running is an increasingly popular form of exercise with over 50 million runners in the 

United States of America alone [1]. Unfortunately, up to 70% of these runners will develop 

an overuse injury within any one year period [2]. Of all groups, novice runners are 

especially at risk of developing an injury. Their injury rates have been reported to be higher 

than recreational, competitive, marathon, or cross-country runners [3]. Focusing on injury 

prevention among novice runners is important since getting an early injury may be a 
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deterrent to maintaining an exercise program. However, there are few evidence based 

recommendations for healthy active people to follow who desire to start a running program.

Training errors are thought to contribute to a majority of running related injuries [4]. 

Specifically, increasing mileage too soon in the program may not allow the musculoskeletal 

system to adapt to the repetitive high-impact forces that accompany running [5]. To 

minimize the risk of injury, it has been suggested to limit increases in duration or intensity 

by no more than 10% a week [6]. However, a recent study has found that a graded running 

program in novice runners using the 10% rule was ineffective in reducing the rate of injury 

[7]. Sport participation history prior to starting a running program has also been associated 

with injury where participation in non-axial load sports (e.g. swimming, cycling) was a 

predictor of greater injury rates [8]. Although, preconditioning with exercises that induce 

axial-loading (e.g. walking and hopping) has been shown to have no influence on injury 

rates in novice runners [9]. If the rate of mileage increase and preconditioning does not 

reduce injury rates, then other potential modifiable risk factors, such as running mechanics 

and muscle strength, may have a role in the development of injuries in novice runners. 

However, the contribution of these factors has yet to be investigated in detail.

Running mechanics are increasingly recognized as an important contributing factor in the 

development of injuries. Specifically, increased peak tibial shock, impact peak, and vertical 

loading rates have been associated with tibial stress fractures [10]. Increased hip internal 

rotation and adduction joint angles have been linked to knee injuries [11, 12], where these 

joint angles tend to be more exaggerated in women [13]. Examples of altered mechanics 

seen in females during the stance phase of running include greater peak hip adduction and 

knee internal rotation with iliotibial band syndrome [11] and greater peak hip adduction and 

hip internal rotation with patellofemoral pain [12]. However, it remains unclear whether 

novice runners have these abnormal mechanics prior to starting a running program that may 

predispose them to injury.

Hip strength may also be related to running injuries. For example, injured legs in runners 

have been shown to demonstrate significantly weaker hip abductors and external rotator 

muscles [14, 15]. Specific to knee injuries, females with patellofemoral pain have 

demonstrated decreased hip abduction and external rotation strength by up to 26% and 36%, 

respectively [16, 17] while females with iliotibial band syndrome demonstrated weaker hip 

abductors by around 20% compared to the healthy limb and control participants [18]. These 

strength deficits are commonly used to explain the source of abnormal joint kinematics [17].

Mechanics and strength are typically measured together, where alterations in mechanics 

observed in injured participants are often explained using strength deficits. For example, 

decreased hip muscle strength observed in patellofemoral pain patients was proposed as a 

contributor to increased hip internal rotation [17]. Using musculoskeletal modeling, up to 

40% muscle weakness can be tolerated before normal gait is impaired [19], suggesting that 

strength and mechanics may not be related. However, it is unclear if this extends to running. 

Hence the explicit relationship between isometric strength and kinematics warrants further 

investigation to determine if strength deficits can be used as an explanation for abnormal 

mechanics in novice runners.
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Core dysfunction has been coupled with lower extremity injuries [20]. Females have 

exhibited decreased core endurance (as measured by the side-plank) compared to males, 

which has been proposed as a reason for a higher injury rates among females [14]. Whether 

novice female runners have a decreased trunk endurance that causes abnormal mechanics 

and places them at risk for injury remains unanswered.

The objectives of this study were twofold. First, we sought to better understand the 

predisposition of novice female runners to injury by identifying potential differences in 

running mechanics and strength between trained female runners and active novice runners. 

We expected active novice runner women to have a greater impact peak, a greater loading 

rate, higher peak hip adduction and internal rotation angles, weaker hip muscles, and 

decreased trunk endurance when compared with healthy experienced runners. Secondly, we 

aimed to assess the relationship between hip and trunk strength with non-sagittal hip 

kinematics during running. We expected increased non-sagittal joint angles to be associated 

with decreased strength [17].

METHODS

Two populations were recruited using flyers posted around the community: healthy 

experienced runners and healthy active novice runners. The experienced runners consisted 

of 19 females that had been consistently running at least 12 miles a week for the last year 

(average: 20.2 miles/week) (Table 1). The novice runner group consisted of 19 healthy 

active females who had not run for at least 5 years but reported a minimum of 5 out of 10 on 

the Tegner activity scale (Table 1). Participants were excluded if she had a previous injury 

within the last 6 months or any surgery of the lower extremity. Based on an a priori power 

analysis using GPower [21], 11 participants were required for each group to provide enough 

statistical power (β=0.8, α=0.05) to detect a large effect size (Cohen’s d of 0.5) as well as 

sufficiently power a two-tailed, independent t-test between groups. Each participant 

provided informed, written consent before involvement in the study. Data was collected 

following a protocol approved by the institutional review board at the University of 

Kentucky.

Strength measurements of the hip abductors and external rotators were assessed for the right 

side of each participant using a hand held dynamometer (Lafayette Instruments, Lafayette, 

IN) and a stabilization strap via a previously established method [16]. For the hip abductors, 

the participant was placed in a side lying position and instructed to raise the upper leg 

toward the ceiling while pressing against a hand held dynamometer placed proximal to the 

tibiofemoral joint line. The external rotators were assessed in a sitting posture with the thigh 

stabilized and the participant instructed to push against the dynamometer placed on the 

inside of the leg superior to the ankle joint. For both strength tests, the participants were 

asked to increase how much they were pushing over three seconds and hold their maximum 

effort for the next two seconds. Each participant performed two practice trials and 

subsequently three testing trials. The maximum efforts reached during the testing trials were 

averaged for each participant. The raw force values were multiplied by femur length (the 

distance from the greater trochanter to the medial tibiofemoral joint line), normalized by 

mass, and multiplied by 100. Trunk strength was assessed by asking the participant to hold a 
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side-plank (e.g. side-bridge) for as long as possible, up to two minutes (greater than the 

normative values obtained in healthy, young adults [14, 22]). The time at which the 

participant was no longer able to hold the correct position was recorded. The correct position 

consisted of holding oneself in a plane, propped on the elbow of the designated side with the 

opposite arm crossed at the chest. When two minutes was reached, the test ended.

Retroreflective markers were placed on the participant according to a previously established 

configuration consisting of anatomical landmarks and tracking clusters on the thighs, 

shanks, and heels [23]. The anatomical landmarks used were the L4–5 junction, iliac crests, 

anterior superior iliac spines, greater trochanters, femoral epicondyles, tibial plateaus, 

malleoli, as well as on the shoes at the first and fifth metatarsal heads. All participants wore 

the same type of running shoe, New Balance WR662 (New Balance, Brighton, MA, USA). 

Participants warmed up at a self-selected walking speed for five minutes on an instrumented 

treadmill (Bertec Corporation, Columbus, OH). Marker trajectories and force plate data 

were then recorded while the participant ran at 3.35 m/s (8 minute mile pace) for 2 minutes. 

Three-dimensional marker trajectories and force plate data were collected at 200 Hz using a 

15 camera motion analysis system (Motion Analysis Corporation) and at 1200 Hz, 

respectively.

Visual 3D (C-motion, Germantown, MD, USA) was used to process the data. First, a fourth-

order low-pass zero-lag Butterworth filter was used to filter the marker trajectories at 8 Hz 

and force plate data at 35 Hz. These cutoff frequencies were chosen from a residual analysis 

of the data [24]. Next, a functional hip joint center was calculated [25]. Finally, inverse 

kinematics was performed on a previously established biomechanical model [12] employing 

six degree-of-freedom joints. Hip angles were calculated using successive body fixed 

rotations of the order flexion-extension, ab-adduction, followed by internal-external rotation 

[26]. Custom LabView code (National Instruments, Austin, TX, USA) was subsequently 

utilized to extract the vertical impact peak, loading rate, and peak non-sagittal hip angles 

during stance. Consistent with other studies, loading rate was defined as the slope of the 

vertical ground reaction force between 20 to 80% of the time period between heel strike and 

the impact peak where heel strike was determined as the point when the vertical ground 

reaction force first reached 30 N [10, 27]. Data were collected from five trials for each 

participant and then averaged to give discrete variables.

Using SPSS (SPSS Inc., Chicago, IL), an independent t-test was used to assess group 

differences for the impact peak, loading rate, peak hip internal rotation during stance, peak 

hip adduction during stance, hip external rotator strength, and hip abductor strength. In 

conjunction with the t-test, the effect size, i.e. Cohen’s d, was determined using the 

equations of Portney and Watkins [28]. An effect size of greater than 0.5 was a moderate to 

large effect size [29] and deemed clinically meaningful. Given the number of subjects (19 

per group), a post-hoc power analysis using GPower indicated the statistical analysis had 

enough power to detect an effect size of >0.38. Pearson’s correlation coefficients were also 

calculated in SPSS to assess the relationship between hip kinematics and strength 

measurements. P-values less that 0.05 were defined as statistically significant.
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RESULTS

No significant differences were found between experienced runners and novice runners in 

impact peak, loading rate, non-sagittal hip kinematics, or strength (Table 2). The effect size 

of hip internal rotation was clinically meaningful where novice runners tended towards more 

internal rotation. Trunk side-plank endurance and hip internal rotation angle were 

significantly correlated with each other where an increase in endurance was associated with 

a decreased internal rotation angle (Figure 1). There was no significant correlation between 

hip abduction strength and adduction angle, hip rotation strength and rotation angle, or trunk 

side-plank endurance and adduction angle.

DISCUSSION

The goals of this study were to compare running mechanics between experienced female 

runners and active novice runners, as well as investigate the relationship between strength 

and kinematics. There were three main findings: (1) the novice runners did show a trend 

towards increased peak hip internal rotation that was associated with a moderate effect size; 

(2) experienced runners and novice runners showed no differences in impact peak, loading 

rate, peak hip adduction angle during running, or differences in strength; (3) trunk side-

plank endurance was associated with hip rotation whereas isometric hip strength was not 

associated with any kinematics. These results have implications for injury prevention 

programs and study design.

The novice runners did show a clinically meaningful trend towards increased peak hip 

internal rotation by 3.7 degrees. However, this difference did not achieve statistical 

significance. Quantifying both the effect size, which shows the size of group separation, and 

the p-value, which indicates the chance that the difference is due to chance alone, allowed us 

to more deeply explore the data. In this case, we believe that we were able to observe a large 

effect that was not statistically significant because the t-test was more sensitive to within 

group variability (7 degrees) than the calculation of the effect size. Historically, transverse 

plane motion has been recognized to be the most variable [30] but yet for clinicians is 

recognized to be one of the more important planes of motion to study for a variety of injuries 

(e.g. those with an ACL injury [31]). Thus, the 3.5 degree difference between experienced 

and novice runners, in our opinion, is of sufficient size that a clinician would intervene. 

Since there was no correlation between isometric strength and joint angles, this kinematic 

change may reflect a lack of control in the novice runners or increased control in the 

experienced runners. Thus, a possible target for injury prevention programs in novice, 

female runners may be hip control rather than strengthening exercises. Future experiments 

could test the feasibility of using a preconditioning program with these exercises to decrease 

peak hip internal rotation angles in novice runners.

There were no significant differences in impact peak, loading rate, peak hip adduction angle 

during running, hip strength, or trunk endurance between trained and novice runners. 

Although these results do not provide insight into why novice runners have increased injury 

rates, they do eliminate possible factors. Other variables such as muscle electromyography, 

joint torques, and power should be the focus of future work in novice runners. Given that no 
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strength differences were observed between these groups, using electromyography to 

elucidate control mechanisms in novice runners seems particularly relevant. Our results may 

also help studies in their choice of participant populations. Studies investigating running 

mechanics need not be restricted to just experienced runners, which may help with 

participant enrollment. Findings across studies that included or excluded runners based on 

activity level may be also reasonably compared.

Hip strength and mechanics are commonly assessed together. For example, decreased 

isometric hip strength and increased hip internal rotation angle have been concurrently 

observed in patellofemoral pain patients [17]. However, in our results we found a moderate 

relationship between trunk endurance (i.e. side-plank test) and hip axial rotation, not 

isometric hip strength and kinematics. This agrees with work by Souza et. al. who also 

found no relationship between isometric external rotational strength and hip internal rotation 

angle during running [32]. Interestingly, the relationship between side-plank performance 

and hip internal rotation could be due in part to the strong contribution from gluteus medius 

to the side-plank test [33]. The gluteus medius is believed to serve as an external rotator as 

the hip moves from a flexed to an extended position, as one would see during the stance 

phase of running and as evidenced by a modeling study that found 3 out of the 4 

compartments of the gluteus medius have an external rotation moment arm as the hip 

approaches a neutral position [34]. Thus, while we are unable to completely separate out the 

contributions of the trunk and hip musculature from the side-plank results, there appears to 

be at least a theoretical argument for the contribution of gluteus medius endurance to 

running performance. These results seem to imply control and/or endurance of the gluteus 

medius rather than isometric strength may be more relevant to consider when investigating 

running. This extends the findings of a musculoskeletal modeling study that explored the 

robustness of walking to isometric muscle strength and found that up to 40% weakness can 

be tolerated [19]. Results of other studies in the literature also support strength and 

endurance testing that includes control, rather than just isometric strength. For example, 

muscle weakness in patellofemoral pain participants did not correspond with expected 

alterations in hip axial rotation and ab-adduction, which supports our findings that isometric 

muscle strength and kinematics are unrelated [35]. In promotion of motor control testing 

isokinetic hip strength (which involves elements of both control and strength) has been 

found to be moderately associated with trunk mechanics during running [36]. A study on 

preconditioning found a clinically meaningful increase in range of motion for hip axial 

rotation following a routine designed to increase volitional control of the hip and core 

muscles using plyometric exercises (e.g. abdominal draw-ins, side-lying straight-leg raises, 

etc) [37]. Future work could investigate how performance on plyometric exercises relates to 

mechanics in injured populations and which exercises are the most relevant to measure 

during a clinical assessment.

There are a few limitations and study design factors to consider in the interpretation of our 

results. First, the type of activity was not standardized in the screening of active individuals, 

which may cause large variability in the strength measurements. For example, some active 

individuals participated in weightlifting while others used a bicycle or elliptical machine as a 

primary means of exercise. Second, our study only considered active individuals. We would 

expect to see greater differences in mechanics between inactive and active individuals. 
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However, future studies are needed to confirm this. Third, we only considered females since 

running mechanics have been shown to vary between sexes [13]. Fourth, the side-plank test 

was limited to two minutes. However, this limit was only achieved in 2 novice runners and 4 

experienced runners, making it unlikely that this affected the results.

CONCLUSION

In conclusion, the novice runners did show a trend towards increased peak hip internal 

rotation that may be clinically meaningful but no differences in loading, strength, or peak 

hip adduction angle during running. There was a significant correlation between trunk 

endurance and hip internal rotation angle, indicating that decreased trunk endurance may 

lead to running related injuries. Injury prevention programs should target trunk performance 

and possibly hip neuromuscular control, rather than hip strength.
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Figure 1. 
Side-plank endurance and hip internal rotation angle were significantly correlated.
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Table 1

Subject demographics.

Healthy Experienced runners Healthy Active Novice runners

Age (yrs) 23 (3) 24 (3)

Mass (kg) 59.0 (6.5) 60.5 (7.6)

Height (m) 1.66 (0.06) 1.66 (0.05)

Tegner 6.6 (0.8) 6.5 (1.6)

Mean (SD).
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