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ABSTRACT 

Background: In accordance with the principle of training specificity, adaptations to 

vertically- or horizontally-orientated plyometric training (VPT, HPT) directly transfer to 

athletic tasks that are carried out in the same direction as they are performed. 

Objectives: The objective of this systematic review and meta-analysis was to 

determine the relative effect of VPT and HPT on both vertical and horizontal measures 

of physical performance. 

Data sources: Google Scholar, CrossRef, Microsoft Academic, PubMed, Web of 

Science, Scopus. 

Study eligibility criteria: To qualify for inclusion in the meta-analysis, studies must 

have included a plyometric training intervention that compared jumps executed in a 

vertical direction (i.e. countermovement jump [CMJ]) to jumps executed in a horizontal 

direction (i.e. standing horizontal jump). 

Study appraisal and synthesis methods: We used the inverse-variance random 

effects model for meta-analyses. Effect sizes, calculated from measures of 

horizontally- or vertically-orientated performance, were represented by the 

standardised mean difference and presented alongside 95% confidence intervals (CI). 

Results: For between-group analysis on horizontal outcomes, there was a moderate, 

significant effect size (ES) in favour of HPT (0.65 [95% CI: 0.12, 1.18], Z = 2.41 [p = 

0.02]). For the analysis on vertical outcomes, there was a trivial, non-significant 

difference between VPT and HPT (-0.04 [95% CI: -0.33, 0.24], Z = 0.0.29 [p = 0.77]). 

Within-group analysis showed HPT to be superior to VPT across horizontally- (1.05 

[0.38, 1.72] vs. 0.84 [0.37, 1.31]) and vertically-orientated (0.74 [0.08, 1.40] vs. 0.72 [0.02, 

1.43]) performance measures. For horizontally-orientated outcomes, single-factor 
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moderator analyses showed that longer programmes (>7 weeks), more sessions (>12) 

and combined bilateral and unilateral training were most effective, favouring HPT in 

each case. In vertically-orientated outcomes, these same variables showed only trivial 

differences between HBT and VBT. 

Conclusions: HPT is at least as effective as VPT at enhancing vertical performance 

but is superior at enhancing horizontal performance. This means that HPT might be a 

more efficient method for enhancing multi-vector performance for sport. 

Key words: Vertical, horizontal, jump, exercise, stretch-shortening cycle 

Key points: 

• Horizontal plyometric training and vertical plyometric training are both effective 

for increasing jump and sprint performance. 

• Horizontal plyometric training is at least as effective as vertical plyometric 

training at enhancing vertical performance but is superior at enhancing 

horizontal performance. 

• A combination of bilateral and unilateral horizontal plyometric training seems to 

be the most efficient way to enhance jump and sprint performance. 
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1. Introduction 

The ability of the neuromuscular and musculoskeletal systems to generate force at a 

specific velocity, in a particular direction, appears to be critical for many sports that 

involve sprinting, jumping and throwing (1). In accordance with the principle of training 

specificity, sport-based demands, which require vertically- or horizontally-orientated 

force application, need to be addressed through training stimuli that possess these 

very same characteristics (2). For example, previous reviews (3,4) outlined the 

importance of matching the characteristics of training stimuli to the demands of the 

sport being trained for. In this way, factors such as muscle action velocity and 

movement direction are considered to be key variables for coaches to manipulate (1). 

This is encapsulated by the concept of dynamic correspondence which is considered 

a robust theoretical framework for the formulation of sport-specific programming (2,5).   

The stretch and impact forces that occur during dynamic movement incite eccentric 

muscle actions with resultant elastic energy potentiating force production in 

subsequent concentric actions when coupling time is short (6,7). This mechanism is 

an important factor in athletic performance with rapid movement underpinned by 

efficient usage of the stretch-shortening cycle (8). This has been argued to have 

implications for the programming of performance-maximising training in sport, with an 

appreciable body of literature supporting the principle of training specificity (2).  

In light of the above, plyometric training (PT) can be used to enhance the ability of 

skeletal muscle to exert maximal force in as short a time as possible (9). In achieving 

this, an athlete can maximise their power output, resulting in improved performance in 

athletic tasks such as sprinting and jumping (10). This is an important physical ability 
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given the time constraints associated with dynamic performance in sports such as 

soccer, basketball and tennis which, to some extent, can be mimicked in training.  

Plyometric training typically includes various unilateral and bilateral jumps, hops and 

bounds (9,11) with coaches often prescribing these in a multidirectional fashion to 

reflect the unpredictable nature of field and court sports. The rationale of this approach 

is founded on the well-accepted principle that adaptations to vertically- (VPT) and 

horizontally-orientated PT (HPT) will transfer better to athletic tasks that are carried 

out in the same direction as they are performed. For example, conventional thought 

suggests that a basketball player who jumps vertically to claim a rebound might, 

theoretically, benefit more from VPT such as CMJs; whereas a soccer goalkeeper who 

must rush towards an oncoming defender and quickly move laterally to block a shot 

on goal might, theoretically, benefit more from HPT such as horizontal jumps (12,13). 

The above assertions seem to be supported by randomised trials which have tested 

the theory of specificity with regard to the effect of plyometric training (PT) on physical 

performance. Dello Iacono et al. (14) allocated study participants to one of two different 

drop jump training regimens. One group undertook VPT, whilst the other partook in 

HPT. Citing the effect of training specificity on the final results, the authors revealed 

that the execution of horizontal jumps lead to increases in sprinting and change of 

direction tests, whilst vertical jumps elicited greater increases in CMJ. The authors 

stressed the importance of using training methods that share common biomechanical 

characteristics with the task that they are designed to improve. In a similar study, 

Loturco et al. (10) assigned separate groups to either VPT or HPT, measuring the 

resultant effects on vertical and horizontal jumping tasks. Highlighting the importance 

of the relationship between training specificity and the “axis of movement”, these 

researchers found that VPT had a relatively greater effect on a vertical jump test whilst 
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HPT had a relatively greater effect on a horizontal jump test. Supportive research, in 

the form of principal component analysis, implies that jumping (vertical) and sprinting 

(horizontal) represent unique motor qualities that are underpinned by variable 

movement characteristics such as the speed of the stretch-shortening cycle (i.e. fast 

vs. slow) of a given action (15). The results of these studies might reflect the different 

force application strategies that are required to undertake different types of movement 

in different directions, thus underpinning the importance of the principle of specificity 

with regard to training stimuli. 

In isolation, the above findings are both credible and logical, being supported by 

conventional biomechanical principles that are well-accepted in sport and exercise 

science. However, up until this point in time, no researcher has undertaken a pooled 

analysis of study results meaning the conclusions of individual studies only typically 

inform practitioners’ approaches to PT programming. Accordingly, the objective of this 

systematic review and meta-analysis was to determine the effects of VPT and HPT on 

both vertical and horizontal measures of physical performance in athletic populations. 

The overall purpose was to better inform coaches’ programming choices with regard 

to enhancing the specificity of the training stimulus.  

2. Methods 

This meta-analysis was conducted in accordance with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) statement (16). 

2.1 Literature search 

The Google Scholar, CrossRef, Microsoft Academic and PubMed databases were 

searched. With no date restrictions, a systematic search was first undertaken. Only 

articles published in the English language were considered. These searches were 
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performed in March, 2020. The following search terms were used using the Boolean 

operator terms ‘AND’ and ‘OR’: ‘ballistic’, ‘complex’, ‘explosive’, ‘force-velocity’, 

‘plyometric’, ‘stretch-shortening cycle’, ‘jump’, ‘plyometric exercise’, ‘resistance 

training’, ‘training’, ‘horizontal’, ‘vertical’ (17). In selecting studies for inclusion, a review 

of all relevant article titles was conducted before an examination of article abstracts 

and, then, full published articles. Only peer-reviewed articles were included in the 

meta-analysis. After this systematic process, manual searches were also performed 

in authors’ personal libraries, consisting of a large number (n = 7,859) of studies 

accumulated in a search initiated in April 2017. This search was updated in May, 2019 

and remains ongoing with personal libraries receiving repeated updates on a weekly 

basis, through accounts created in different databases (Web of Science, Scopus and 

PubMed [including Medline]). Studies from authors’ personal libraries were eligible for 

inclusion until the initiation of manuscript preparation in April, 2020. 

2.2 Data extraction 

Data were extracted from gathered articles with a form created in Microsoft Excel. 

Where required data were not clearly or completely reported, article authors were 

contacted for clarification. In cases in which authors did not respond to our queries, 

their dataset was not considered for further analysis. 

2.3 Inclusion and exclusion criteria 

To determine the eligibility of studies for inclusion in this meta-analysis, we used the 

PICOS framework (16). These criteria are shown in Table 1 and the characteristics of 

the study participants are displayed in Tables 2 and 3. 

Table 1 PICOS framework for study inclusion and exclusion criteria 
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Table 2 Characteristics of study participants for horizontally-orientated 

training groups 

Table 3 Characteristics of study participants for vertically-orientated training 

groups 

2.4 Analysis and interpretation of results 

Meta-analytical comparisons were carried out in RevMan version 5.3 (25). Means and 

standard deviations for measures of horizontal and/or vertical performance were used 

to calculate an effect size. The inverse-variance random effects model for meta-

analyses was used because it allocates a proportionate weight to trials based on the 

size of their individual standard errors (26) and facilitates analysis whilst accounting 

for heterogeneity across studies (27). Effect sizes are represented by the standardised 

mean difference and are presented alongside 95% confidence intervals (CI). The 

calculated effect sizes were interpreted using the conventions outlined for 

standardised mean difference by Hopkins et al (28) (<0.2 = trivial; 0.2-0.6 = small, 0.6-

1.2 = moderate, 1.2-2.0 = large, 2.0-4.0 = very large, >4.0 = extremely large). In cases 

in which there was more than one intervention group in a given study, the comparison 

group was proportionately divided to facilitate comparison across all participants (29). 

To gauge the degree of heterogeneity amongst the included studies, the I² statistic 

was calculated. This represents the proportion of effects that are due to heterogeneity 

as opposed to chance (16). Low, moderate and high levels of heterogeneity 

correspond to I² values of 25%, 50% and 75% respectively; however, these thresholds 

are considered tentative (30). The X² (chi square) assesses if any observed 

differences in results are compatible with chance alone. A low P value, or a large chi-
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squared statistic relative to its degree of freedom, provides evidence of heterogeneity 

of intervention effects beyond those attributed to chance (26).  

2.5 Assessment of risk of bias 

The Physiotherapy Evidence Database (PEDro) scale was used to assess the risk of 

bias and methodological quality of eligible studies included in the meta-analysis. This 

scale evaluates internal study validity on a scale from 0 (high risk of bias) to 10 (low 

risk of bias). Two reviewers (JM, AGH) independently rated each study in accordance 

with the PEDro scale. Any ratings that yielded different results were further adjudicated 

by a third reviewer (UG). This rating was then used in the risk of bias scale. A median 

score of ≥6 represents the threshold for studies with low risk of bias (31). 

2.6 Analysis of moderator variables 

To assess the potential effects of moderator variables, subgroup analyses were 

performed for both horizontally- and vertically-orientated outcome measures. Using a 

random effects model, we selected potential moderators likely to influence the effects 

of training. This included the number of weeks in the applied programme, the total 

number of training sessions in the programme (8), the bilateral/unilateral classification 

of the type of HPT or VPT performed (32), the training status of the study participants 

(33) and the chronological age of the study participants (8). For number of weeks and 

total sessions, a median split was used to form the subgroups. For jump type 

classification, the effects of bilateral PT were compared to bilateral combined with 

unilateral as very few studies examined the effects of unilateral only. For training 

status, those cohorts whom study authors reported as ‘untrained’ comprised one 

subgroup whilst the other was formed by individuals with no less than three years of 
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training experience. For age, subgroups were divided into ≤18 years and >18 years 

groups. 

3. Results 

3.1. Study selection 

In total, nine studies met the inclusion criteria and were included in the systematic 

review. The PRISMA flow diagram illustrating the number of studies excluded at each 

stage of the systematic review and meta-analysis is shown in Figure 1. Together, the 

studies achieved the required standard to be considered to be at a low risk of bias 

(median quality score = 6.0). These data are presented in Table 4. 

Figure 1 Flow chart for inclusion and exclusion of studies 

Table 4 Results of risk of bias analysis using the PEDro scale 

3.2 Primary analyses 

Two primary analyses were undertaken in this study. In each case, HPT was 

compared to VPT with the first analysis relating to horizontally-orientated outcome 

measures (i.e. horizontal jump, sprints) and the second pertaining to vertically-

orientated outcome measures (i.e. CMJ). Nine studies were included in this meta-

analysis. The vertical outcome analysis included ten experimental groups and the 

horizontal analysis included eight. For the analysis on horizontal outcomes, there was 

a moderate, significant effect size (ES) in favour of HPT (0.65 [0.12, 1.18], Z = 2.41 [p 

= 0.02]). Between-study heterogeneity was moderate and significant (I² = 62% [p = 

0.009]). These results are displayed in Figure 2. For the analysis on vertical outcomes, 

there was a trivial, non-significant difference between VPT and HPT -0.04 [-0.33, 
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0.24]], Z = 0.29 [p = 0.77]). Between-study heterogeneity was low and non-significant 

(I² = 0% [p = 0.56]). These results are displayed in Figure 3.  

Figure 2 Forest plot of comparison of horizontally- vs vertically-orientated 

plyometric training on horizontally-orientated measures of performance 

Figure 3 Forest plot of comparison of horizontally- vs vertically-orientated 

plyometric training on vertically-orientated measures of performance 

3.3 Within-group effects of intervention 

We also explored the within-group intervention effects of each PT protocol. In this 

analysis, the effects of HPT on both horizontally- and vertically-orientated performance 

outcomes, as well as the effects of VPT on both horizontally- and vertically-orientated 

performance outcomes were determined. These results are displayed in Table 5.  

Table 5 Effect sizes and 95% confidence intervals for within-group 

performance of horizontally- and vertically-orientated outcomes 

3.4 Effect of moderator variables 

The results of the moderator analysis are displayed in Tables 6 and 7. For both 

horizontally- and vertically-orientated outcome moderators, differences between 

subgroups were non-significant with low to moderate heterogeneity. For horizontally-

orientated outcomes, the effect size for programme duration, as measured by number 

of weeks, was larger for those studies longer than seven weeks (0.96 [-0.15, 2.08]) 

than it was for those shorter than 7 weeks (0.43 [-0.00, 0.86]) and favoured HPT in 

both cases. For vertically-orientated outcomes, there was little difference between 

longer (>8 weeks; -0.19 [-0.83, 0.46]) and shorter programmes (≤8 weeks; 0.08 [-0.28, 

0.44]. For horizontally-orientated outcomes, there was a large effect size (1.91 [0.87, 
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2.96]) for programmes that had more than twelve sessions, with only a small effect 

size (0.30 [-0.06, 0.66]) in those that had fewer than twelve. Again, this favoured HPT 

in both cases. The trend was not apparent for vertically-orientated outcomes with only 

trivial differences between VPT and HPT for programmes with greater (>12 sessions; 

-0.19 [-0.83, 0.46]) or fewer (<12 sessions; 0.08 [-0.28, 0.44]) sessions. For 

horizontally-orientated outcomes, a combination or bilateral and unilateral PT was 

more effective (0.98 [0.23, 1.73]) than bilateral only (0.18 [-0.32, 0.69]), with HPT 

favoured over VPT. For vertically-orientated outcomes, there was little difference 

between these types of PT with trivial differences apparent. It was only possible to 

conduct a moderator analysis for training status for vertically-orientated measures. 

Here, we found no difference between the effects of HPT and VPT in trained 

participants (-0.15 [-0.47, 0.18]) with HPT being slightly more effective for untrained 

participants (0.29 [-0.29, 0.87]). For chronological age, in horizontal measures, both 

age groups (>18 years; ≤18 years) demonstrated moderate effects (0.65 [0.00, 1.30] 

vs. 0.70 [-0.27, 1.68]) whilst for vertical measures, both groups demonstrated trivial 

effects (-0.09 [-0.52, 0.34] vs. 0.00 [-0.39, 0.39]). For the horizontal outcome 

measures, HPT was favoured, regardless of age group. 

Table 6 Moderator analyses for horizontally-orientated outcome measures 

Table 7 Moderator analyses for vertically-orientated outcome measures 

4. Discussion 

4.1 Main findings 

The purpose of this systematic review and meta-analysis was to determine the effect 

of VPT and HPT on both vertical and horizontal measures of physical performance in 

athletic populations. In sport and exercise science, the principle of training specificity 
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supports the use of vertical and horizontal jumps to better improve performance in 

vertically- and horizontal-orientated tasks respectively (34). Accordingly, the principle 

of training specificity informs the type of training stimuli that a coach chooses for an 

athlete to optimise performance. In this way, a horizontal jump might be more effective 

than a vertical jump in eliciting increases in sprint speed, whereas a vertical jump may 

be more beneficial for a sports skill such as a rebound jump in basketball. However, 

the results of this meta-analysis seem to suggest that this principle may not be as clear 

as this and that other factors could play a role in the relative effectiveness of HPT and 

VPT. Our results suggest that HPT is at least as effective as VPT at enhancing vertical 

performance but is superior at enhancing horizontal performance. 

Recently, there has been an increased interest in fine-tuning the specificity of training 

stimuli to meet the demands posed within sport. For example, it has been argued that 

force production in a horizontal direction is vital in underpinning acceleration capacity 

in athletes with horizontally-orientated weighted sled pushing thought to be an 

appropriate method to training this physical capacity (35). This interest has been 

generated by research which has highlighted the shortcomings of vertically-orientated 

exercise for the enhancement of horizontally-orientated movement. For instance, it 

has previously been shown that that a 10% increase in squat strength did not result in 

any change to 30 m sprint performance over a 9 week period (3,36). Similarly, a 

previous review indicated that significant increases is sprinting speed were commonly 

unaccompanied by increases in vertically-orientated strength (37). In contrast, Morin 

et al. (35) found that heavy sled pushing resulted in a 1.2% increase in 20 m sprint 

speed over a shorter time period. In recreational athletes at least, speed increases of 

this magnitude are thought to be stimulated by strength increases of around 23% (37), 

potentially indicating a minimum threshold for improvement. However, this may differ 
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in horizontal and vertical directions. Through three-dimensional modelling of both 

horizontal and vertical jumps, Nagano et al. (38) elucidated the differing characteristics 

inherent to these respective movement patterns. The researchers, examining the 

horizontal and vertical positioning of the centre of mass during take-off, demonstrated 

different positions of the body’s centre of mass in both horizontal and vertical jumps. 

Vertical jumps showed practically no displacement of the centre of mass in a horizontal 

direction at take-off. However, the difference in the vertical displacement of the centre 

of mass was comparable between both types of jump. This implies that there is a 

horizontal and vertical component to horizontal jumps, whereas vertical jumps possess 

a vertical component only. Cappa and Behm (39) compared drop (vertical) and hurdle 

(vertical and horizontal) jumps finding shorter ground contact times, higher vertical 

ground reaction forces, greater limb stiffness and generally higher muscle activation 

in the lower limbs (rectus femoris, biceps femoris and gastrocnemius) with the 

horizontally-orientated hurdle jumps. The subsequent influence on the application and 

direction of ground reaction forces in both horizontal and vertical jumps seems to be 

evident in the results seen in the current meta-analysis and is likely to be the reason 

for the pattern of adaptation that we report. 

Our results could also be explained by the type of performance tests assessed in this 

meta-analysis. For the vertical analysis only jumps were assessed, however for the 

horizontal analysis, both jumps and short sprints were used. Loturco et al. (10) found 

that whilst horizontally-orientated training was effective in enhancing speed and 

acceleration capacities over short distances (i.e. <10 m), vertically-orientated training 

resulted in greater performance improvements over longer distances, yet there were 

no tests of this type in this meta-analysis. This could have put VPT at a disadvantage 

to HPT when it came to assessing the effect of interventions on the included 
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dependent variables. Loturco et al. (10) argued that this was due to the increasingly 

important role of vertical ground reaction forces at higher velocities over longer 

distances. This is reinforced by previous research (40) which demonstrates relatively 

larger vertical ground reaction forces in the latter stages of a 50 m sprint. This is 

concurrent to a progressively lower contribution of anterior/posterior ground reaction 

forces (40). In this way, though HPT seems the more effective and efficient training 

method based on the current meta-analysis, vertical jumps can still play an important 

role in the programmes of athletes who must sprint over longer distances (i.e. > 40 m).   

As expected, HPT was more effective in enhancing horizontal performance but it was 

no less effective than VPT at enhancing vertical performance. A key pattern of our 

results means that the opposite cannot be claimed and this seems to render HPT more 

important for sports which are characterised by extensive horizontal and vertical 

locomotion. Aside from the obvious efficacy of HPT to enhance direction-specific 

performance, these findings could provide efficiency benefits for coaches and athletes 

alike. For example, congested training and playing schedules are common in many 

sports, causing excessive physical stress which, in turn, can result in burnout or injury 

(41). Previous evidence indicates that athletes experience negative outcomes relating 

to physical performance and hormonal profile (42) during such periods of higher 

density training (43), and this necessitates the careful balancing of workloads to 

preserve optimal condition. In support of this, it is important to note that lower volumes 

of PT have provided greater training benefits than higher volumes when integrated 

with balance (44,45) and other forms of resistance training (46). Based on our results, 

the preferential use of HPT over VPT might be able to facilitate this balance by 

potentially giving coaches the freedom to programme just one directional form of PT, 

for example HPT, with the understanding that both vertical and horizontal performance 
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could be optimised and maintained. This seems to be facilitated by the aforementioned 

characteristics of HPT which possesses both vertical and horizontal components 

compared to the singular vertical component of VPT (38). The preferential use of HPT 

would therefore seem to represent a more elegant and time-efficient form of 

programming that provides both performance and scheduling benefits which could 

offset strain on an athlete whilst optimising performance. 

4.2 Moderating variables 

Moderator analysis was undertaken for both horizontally- and vertically-orientated 

outcome measures. Aside from highlighting potentially important moderators of the 

main effects seen in this meta-analysis, the evaluation of these moderators could also 

have implications for the prescription of both HPT and VPT in athletic populations. 

Unsurprisingly, the moderator analysis supported the use of longer programme (>7 

weeks) and more training sessions per programme (>12) for the enhancement of 

horizontally-orientated outcomes and skills such as horizontal jumps and short sprints. 

In this case, HPT was favoured over VPT. In vertically-orientated outcomes, these 

same variables (>8 weeks, >14 session) displayed only trivial differences between 

subgroups, with neither HPT or VPT favoured. This would seem to reinforce the main 

effects but could also indicate a differential in the time-course of adaptation of 

vertically- and horizontally-orientated performance, or a potential bias towards the 

selection of vertically-orientated exercises in modern strength and conditioning 

programmes for athletes (47). On this, it is not inconceivable that many athletes 

already possess a high level of VPT experience alongside a concurrent lower level of 

expertise in relation to HPT. This could lower the ceiling of potential future adaptation 

(33) in vertically-orientated tests and this pattern was seemingly apparent in the results 

we found in the moderator analysis for training status. If this is the case, a transition 
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by coaches to more horizontally-orientated exercises and outcome measures is 

warranted, though not at the complete expense of vertically-orientated. Had we been 

able to carry out a moderator analysis for training status for the horizontal measures 

of performance, we may have been able to provide greater clarity on this particular 

finding.  

Another notable result from the moderator analysis for horizontally-orientated outcome 

measures was the finding that a combination of bilateral and unilateral PT was 

substantially more effective than bilateral PT executed in isolation. Reflecting the 

previous results, the positive effect sizes indicated that HPT was the favourable 

method with which to achieve these performance increases, with no difference 

between VPT or HPT for the vertical moderators. Recent research from Bogdanis et 

al. (48) found that unilateral PT was superior to bilateral PT at enhancing both 

unilateral and bilateral CMJ performance. The authors speculated that neural factors 

played a role in this pattern of adaptation, highlighting that unilateral training has 

previously been shown to result in greater electromyographic activity in the vastus 

medialis and gastrocnemius muscles (49). This effect seems to be further enhanced 

by the greater impulses developed during unilateral PT, due primarily to the 

manifestation of the bilateral deficit and the longer muscle action times associated with 

this type of jump (50). Chronological age was used as a proxy variable to denote 

maturation status as in a previous meta-analysis (8). We divided the subgroups into 

those older and younger than 18 years on the basis that maturational changes during 

childhood and adolescence, as well as training age, can result in both increases and 

decreases in performance due to a number of dynamic factors (8). For vertical 

outcome measures, there were only trivial differences between HPT and VPT in both 

age-related subgroups whilst for horizontal outcomes, each method yielded moderate 



Comparison of vertically- and horizontally-orientated plyometric training 

18 

 

effect sizes in both age divisions, favouring HPT. These results once again indicate 

the superiority of HPT over VPT in eliciting sport-specific performance increases with 

no differences observed between individuals older or younger than 18 years. In this 

way, similar principles could apply to the programming of both VPT and HPT across 

age groups with performance increases of similar a magnitude expected regardless of 

age profile. However, coaches must ensure that technique and technical competency 

are present regardless of the age of the athlete and so that particular requirement 

should be a guide to where an individual resides on the continuum of expertise as it 

relates to PT. On this factor, coaches should also consider the relative movement 

challenges posed by individual jump types; for example, it may be relatively easier to 

perform a vertical jump than a horizontal jump, or a bilateral jump than a unilateral 

jump. On this basis, regardless of the apparent superiority of HPT over VPT, coaches 

should choose those exercises that an individual is physically capable of executing, 

adding layers of complexity as skill proficiency is attained. 

4.3 Future research 

Some studies in this meta-analysis did include interventions that examined the effect 

of combined HPT and VPT on physical performance but not enough investigations of 

this type exist to come to clear conclusions on the efficacy of a blended approach to 

programming. It could, therefore, be that whereas HPT seems superior to VPT for the 

enhancement of physical performance in isolation, a combination of the two could be 

optimal. This has previously been demonstrated (24) but further investigation in this 

area could reveal whether or not combined directional PT could be superior to singular 

HPT or VPT. Studies must also be carried out in female populations. Not a single study 

in this meta-analysis was conducted in female participants meaning its applicability to 

that population is undermined. This needs urgent addressing as females’ jump 
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landings are characterised by increased knee valgus and higher vertical ground 

reaction forces, compared to males (51). This could have a negative impact on 

adaptations to VPT and HPT alike. 

4.4 Limitations 

There are some limitations to the current study so our results should be interpreted 

with caution. For subgroup analyses, the dichotomisation of continuous data with 

median split could result in residual confounding and reduced statistical power (52,53). 

Furthermore, moderator analyses were calculated independently, and not 

interdependently. Such univariate analysis must be interpreted with caution because 

the programming parameters were calculated as single factors, irrespective of 

between-parameter interactions. Also, as in many meta-analyses, we observed 

varying levels (low to high) of heterogeneity between trials meaning that some of these 

results must be viewed with caution. More studies and better standardisation of 

methods across trials could address this issue in future work. 

5. Conclusion 

Whilst HPT and VPT are both effective at increasing performance in horizontal and 

vertical directions respectively, HPT is at least as effective as vertical plyometric 

training at enhancing vertical performance but is superior at enhancing horizontal 

performance. Based on these results it seems logical to recommend that coaches 

include a higher proportion of HPT in athletes’ programmes, particularly if their sport 

requires an extensive horizontal component. Coaches should still aim to include both 

types of jump in athletes’ programmes as research has shown that each display 

unique biomechanical characteristics and applications to different elements of physical 

performance. However, in time-constrained scenarios, the use of HPT only strategies 



Comparison of vertically- and horizontally-orientated plyometric training 

20 

 

could be advantageous in optimising performance and maintaining an athlete’s 

condition. Overall this means that HPT might be a more efficient method for enhancing 

multi-vector performance in athletes. Further to this, it seems that the positive effects 

of HPT can be enhanced through the execution of a combination of bilateral and 

unilateral HPT, reflecting the multidimensional nature of sport and leveraging the 

bilateral deficit to ensure maximal adaptation. 
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