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The aim of this study was to determine whether extending traditional calf-raise resistance training sets with
partial-range-of-motion (ROM) repetitions in the more dorsiflexed ROM enhances muscular hypertrophy. Sixteen
untrained men (25.0+1.7y) completed 10 weeks of unilateral standing calf-raise training (2x/wk) in a within-subject
design: one leg performed traditional 10-14RM sets to full-ROM momentary failure (MF; 4-6 sets/session) and
the other leg performed half as many sets to full-ROM failure followed by partial-ROM repetitions to a second
failure in the more dorsiflexed ROM (PBF; 2-3 sets/session). Total volume-load was equated between conditions;
repetitions were counted the same way regardless of the ROM. Muscle hypertrophy was assessed as changes in
muscle thicknesses of the gastrocnemius medialis and lateralis via B-mode ultrasound imaging. After training, both
MF and PBF elicited equivalent (equivalence test P-values <0.05) changes in muscle thickness (averaged muscle
thicknesses; MF:8%, PBF:8%). Per-set analyses, however, revealed greater efficiency (P<0.05) with PBF (0.16%) in
comparison to MF (0.08%). In conclusion, adding “longer-length” partial-ROM repetitions to failure beyond full-
ROM failure (PBF) permits a greater accumulation of volume-load per set and elicit greater changes in muscle size
on a per-set basis analysis. Under volume-load-equated conditions, PBF and training to full-ROM failure (MF) seem to
evoke similar changes in gastrocnemius thickness after 10 weeks of unilateral standing calf-raise training in untrained
young men.

Keywords: Strength training, muscle growth, lengthened partials, regional hypertrophy, time-
efficient

Introduction

Manipulating load, volume, rest intervals, range of motion (ROM), and proximity to momentary
failure (MF) is suggested to be fundamental in resistance training for optimizing the mechanical
stimuli that drive muscle hypertrophy.'~ Specifically, the proximity to MF (defined as the inability
to complete another concentric repetition in proper form, despite attempting to do so with maximal
effort)* has been shown to influence hypertrophic outcomes, with sets performed closer to failure
eliciting greater gains.? Of note, however, trainees largely underestimate their true proximity to MF,’
prompting interest in techniques that extend effort beyond the initial point of failure to investigate
whether additional adaptations can be obtained.
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“Beyond-failure” techniques, including drop-set, rest-pause, cheated reps, and partial-ROM repetitions
at “longer muscle lengths” (i.e., continuing the set by performing only the initial portion of the ROM)
2, allow the continuation of a set past the initial failure point, suggested to potentially enhance the
hypertrophicstimulus per set.*'° A few studies investigating such techniques have reported augmented
hypertrophy compared to traditional training protocols."> Among them, partial-ROM training at
long muscle lengths has gained recent attention,'*"* having shown greater increases in muscle size
than both short-length partial-ROM*-? and full-ROM*? training. It is possible that executing partial-
ROM repetitions after reaching full-ROM MF either simply guarantees the set is completed to (or
close to) true momentary failure, or it prolongs the mechanical work done with high levels of muscle
activation - both being of importance to the hypertrophic stimulus.**® However, despite the promising
rationale, empirical support remains limited.

Recently, Larsen et al.” compared four sets of full-ROM MF followed by long-muscle-length partial-
ROM repetitions to a second MF in partial-ROM versus four sets of traditional full-ROM MF in a
10-week unilateral standing calf-raise protocol in untrained young men. The beyond-MF condition
evoked greater increases in medial gastrocnemius muscle thickness (10%) than the traditional first-
MF condition (7%), supporting the potential utility of the method. Of note, however, the beyond-MF
condition was completed with ~80% more total volume-load (TVL; sets x repetitions x load) due
to the greater number of repetitions performed beyond first failure. As such, it remained unclear
whether the observed benefits were due to an intrinsic superiority of the method itself or simply a
function of greater accumulated volume within the sets.

In this context, the present study compared the effects of unilateral standing calf-raise training
performed to full- ROM momentary failure (MF; 4-6 sets/ session) versus full-ROM failure followed by
partial-ROM repetitions to partial-ROM failure (PBF; 2-3 sets/session) on changes in gastrocnemius
medialis (GM) and lateralis (GL) thickness in untrained young men. A within-subject design was
employed, and TVL was experimentally equated between conditions. Outcomes were analyzed under
TVL-equated conditions as well as normalized for the number of sets. This approach permits MF and
PBF to be re-compared on a set-matched basis and, for the first time, compared under TVL-matched
conditions. It was hypothesized that MF and PBF would elicit equivalent hypertrophy under TVL-
equated conditions, whereas PBF would be superior on a per-set basis 2-%.

Methods

Participants

Recruitment was carried out through social media and home delivery of flyers in the university area.
Interested subjects completed detailed health history and physical activity questionnaires, and were
subsequently admitted if they met the following inclusion criteria: men, 18-35 years old, free from
cardiac, orthopedic, or musculoskeletal disorders that could impede exercise practice, not consume
drug or supplement ergogenic aids, and not be involved in the practice of resistance training over
the six months before the start of the study. The exclusion criterion was defined as having a training
attendance of <80%. Of the 18 volunteers, 16 met the criteria, were evaluated at baseline, and completed
the training sessions (age = 25.0 + 1.7 years; body mass = 75.2 + 4.4 kg; stature = 176.0 £ 3.2 cm; BMI = 24.3
+1.1 kg/m?). This sample size is considered satisfactory (n =15 per group) to achieve a power of 0.8 and
an a of 0.05 for improving muscle size with a moderate effect size of 0.55* in a two-group, two-time point
design. Subjects were instructed to avoid changes in their habitual recreational physical activities and
dietary intake during the study period. Written informed consent was obtained from all subjects after a
detailed description of study procedures was provided.
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A within-subject design was employed to investigate the effects of two distinct calf training protocols
on muscle hypertrophy. This design was selected to eliminate inter-individual variability in training
responses. For the training, subjects’ legs were randomly allocated to one of the two conditions,
balanced for self-reported leg dominance (the leg to kick a ball): MF and PBF. Subjects were randomly
assigned a number in an Excel list to determine whether their dominant leg would follow MF or PBF
training, while the non-dominant leg would undergo the other condition. The study was conducted
as follows: one week was used for one training familiarization session, one week was used for baseline
assessments, 10 weeks for the progressive training program, and one week for post-training testing
(>72 hours after the final session). Muscle hypertrophy was defined as changes in MT measured by
B-mode ultrasound imaging. All training sessions were supervised by at least two researchers with
international personal trainer certifications to standardize the technique. The study was approved by the
University Ethics Committee (IR SBU.REC.1403.021) and carried out fully in accordance with the ethical
standards of the International Journal of Exercise Science.”

Protocol

Unilateral standing calf raises were performed on a plate-loaded standing calf-raise machine. Sets
were performed with loads to reach full-ROM failure in 10-14 repetitions. Subjects were instructed
to perform each repetition using a 1-second concentric phase and a 2-second eccentric phase, with
no pause at the transition between muscle actions, and no bouncing/countermovement between
repetitions. The ROM was determined for each participant based on their maximum dorsiflexion and
plantarflexion capacity during the exercise, visually confirmed constantly by at least two researchers.
Full ROM was defined from the subject’s maximal dorsiflexion to their peak plantarflexion, whereas
Partial ROM was defined from the subject’'s maximal dorsiflexion to their neutral ankle position
(90° foot-shin). Full-ROM failure was defined as the inability to reach peak plantarflexion, whereas
Partial-ROM failure was defined as the inability to reach a neutral ankle position, despite verbal
encouragement. When a participant was unable to reach the required ROM for two consecutive
repetitions despite attempting to do so with maximal effort and correct technique, the set was
terminated.

Two pilot sessions were conducted before the study commenced with six individuals to establish
the expected number of partial-ROM repetitions that could be performed beyond full-ROM failure
until partial-ROM failure. For the pilot sessions, subjects completed with each leg 2 sets to full-ROM
failure with no restriction to repetitions (repetitions were then annotated), followed by partial-ROM
repetitions until they could no longer complete the limited-range movement (repetitions were then
annotated). Both full-ROM and partial-ROM repetitions were counted as 1 repetition. Only sets
where subjects reached first failure within the 10-14RM full-ROM range were considered; across
individuals, the number of partial-ROM repetitions ranged from 6 to 12 (expected total repetitions
per set in PBF condition: ~16-26). These observations were used to structure the training programin a
way that matched TVL between conditions, considering MF would be performed starting with 4 sets.
Accordingly, PBF was then chosen to be done with half of the sets of MF.

The training program was conducted twice weekly on non-consecutive days (=48 hours apart) in the
afternoon for 10 weeks. Subjects completed MF and PBF in the same session. The starting leg was
alternated between sessions to control for order effects. MF was performed in sets of 10-14RM to full-
ROM failure, while PBF was performed in sets of 10-14RM to full-ROM failure followed by partial-
ROM repetitions to partial-ROM failure. MF was performed in 4 sets per session during weeks 1-6,
progressing to 6 sets in weeks 7-10, while PBF was performed in 2 sets in weeks 1-6 and 3 sets in
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weeks 7-10. The load was established initially based on the familiarization sessions and subsequently
adjusted on a session-based incrementally by 5-10% to the nearest 0.5kg when participants exceeded
14RM to full-ROM failure in the first set of the session. Rest intervals were standardized to 2 minutes
between sets and 5 minutes between legs. The number of repetitions and the load used were recorded
to compute TVL.

Measures of MT were obtained using a B-mode ultrasound machine with an L741 8-12MHz linear
probe (SonoScape E1 EXP, China) by the same experimenter, blinded to condition allocation. Subjects
were instructed to show up to the laboratory in the morning hours fasting for at least 8 h, and not
perform vigorous exercise for the previous 48 h. Ultrasound measurements started after subjects
were lying down in prone position on a medical plinth for 10 min. Images were acquired at 25% of the
distance between the lateral femur condyle and the lateral malleolus of the tibia. For image acquisition,
water-soluble transmission gel was applied over the skin on the region of interest, and measurements
were done with caution not to depress the muscle tissue, with the probe placed perpendicular to the
tissue interface. The images were analyzed using Image] software (NIH, USA), and MT was defined
as the distance between its superficial and deep aponeuroses. Inter-day test-retest reliability scores
were satisfactory (ICC [3,1] = 0.98; relative typical error =1.1%).

Statistical Analysis

Normality was checked by Shapiro-Wilk's test. Analyses were performed based on effect size (ES),
calculated individually as the difference between post- and pre-training scores divided by group-
pooled pre-training standard deviations, with Hedges” g correction factor for small samples. An ES
of 0.00-0.19 was considered as trivial, 0.20-0.49 as small, 0.50-0.79 as moderate, and > 0.80 as large.*
Mean ESs were computed for each group, and between-group differences (ES ) were calculated as
PBF-ES minus MF-ES. To account for differences in training volume, ESs were: 1) adjusted for total
volume load (TVL) via linear regression (with intercept and slope used to calculate TVL-adjusted
ESs); and (2) normalized by dividing by the total number of training sets performed to calculate
per-set ESs. Equivalence between groups was tested using two one-sided tests (TOST) with ESs as
variables. For ES and TVL-adjusted-ES analyses, the standardized equivalence bounds were set at
trivial (£0.20). For per-set ES analyses, the equivalence bounds were scaled accordingly (+0.00208;
0.20 divided by 96 sets from the MF group). Within-group ESs were tested against zero using one-
sample t-tests with Bonferroni correction to analyze the effect compared to baseline. Between-group
differences in TVL were tested using an independent t-test. Statistical significance was accepted at
P < 0.05. The data were expressed as mean, standard deviation, and confidence intervals (CIs), and
analyses were done using Jamovi v.2.3 (The Jamovi Project).

Results

Subjects completed all the training sessions. No injuries occurred during the intervention. The TVL
was not significantly different between conditions (MF: 13.1 £ 4.5 ton; PBF: 11.8 + 4.1 ton; P = 0.392).
Initial analyses based on marginal means adjusted for pre-training scores, and pre-training scores
plus TVL, showed significant changes in GM MT and GL MT for both MF (8%) and PBF (8%), with
significantly equivalent results between them. Analyses per set revealed non-equivalent results, with
greater effects observed for PBF in comparison to MF for both GM (0.15% vs. 0.08%) and GL (0.16%
vs. 0.09%). Table 1 presents the results, and Figure 1 displays the individual relative changes.
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Table 1. Pre- and post-training raw data and effect sizes (ESs), along with between-group differences for muscle
thickness (MT) of the gastrocnemius medialis (GM) and gastrocnemius lateralis (GL) following momentary failure
(MF; n =16) and partials beyond failure (PBF; n = 16) training conditions.

MF PBF ES . ;1;351]; es Interpretation
GM MT
Pre (mm) 203+£29 19.9+3.2
Post (mm) 21.7+29 21.3+31
ES 0.45 (0.25, 0.65) 0.45 (0.27, 0.62) -0.01 (-0.19, 0.18) 0.034 0.042 MF =PBF
ES (TVL adj.)*  0.36 (0.16, 0.56) 0.35 (0.18, 0.52) -0.01 (-0.19, 0.18) 0.034 0.042 MF =PBF

ES (perset)l  0.005 (0.003,0.007)  0.009 (0.006,0.013)  0.005 (0.002,0.008) <0.001 0.918 MEF < PBF
GL MT

Pre (mm) 20427 21.0£3.1
Post (mm) 220+28 226+3.2
ES 0.56 (0.43, 0.69) 0.55 (0.34, 0.75) -0.01 (-0.17, 0.15) 0.016  0.030 MF = PBF
ES (TVL adj.)* 0.71 (0.57, 0.84) 0.69 (0.49, 0.90) -0.01 (-0.17, 0.15) 0.016  0.030 MF = PBF

ES (per set)t 0.006 (0.004, 0.007)  0.011 (0.007, 0.016)  0.006 (0.002,0.009) <0.001 0.953 MF < PBF
Notes. # = adjusted for pre-training values + total volume-load (TVL). t = pre-to-post training differences divided by
total number of sets. Data are mean * SD, ESs for each condition are Hedges’ g (95%ClI lower, upper bounds), and
ES, is the difference between conditions in Hedges” g and (90%CI lower, upper bounds) for two one-sided tests of
equivalence.

Muscle thickness

Pre-to-post changes (%)

T T
MF PBF
Figure 1. Percentage changes in gastrocnemius medialis and lateralis (average) thicknesses following momentary

failure (MF) and partials beyond failure (PBF) training conditions. Data are mean and 95%Cls, with each line
representing individual data points.

Discussion

The present study compared the effects of calf-raise traditional full-ROM training to momentary
failure (MF) versus calf-raise training performed with partial repetitions beyond full-ROM momentary
failure (PBF) on gastrocnemius muscle hypertrophy. While both training protocols produced similar
changes in muscle thickness (MT) under a volume-load-equated perspective, PBF demonstrated
superior effects on a per-set basis.

The comparable hypertrophic responses between MF and PBF under volume-matched conditions
align with evidence from two recent reviews, indicating that most training variables have nil to
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trivial influence on hypertrophy when total volume-load is equated across training programs.®”
On the other hand, the per-set analyses indicate that each set of PBF elicited a superior hypertrophic
stimulus. However, this does not necessarily imply that performing twice the number of sets would
double the hypertrophic response for PBF. Instead, Larsen et al.* observed a 10% increase in GM
MT after four sets of PBF, versus 7% for four sets of MF, despite PBF completing 80% more volume-
load. The lack of doubled gains may be due to increased muscle damage in early training sessions
associated with training at longer muscle lengths, which may hamper recovery rates,®** or simply
because the dose-response relationship between set volume and muscle hypertrophy is non-linear,
consistent with the diminishing returns principle.

In addition, the 8% hypertrophic gain observed for PBF was achieved with approximately 64 % more
repetitions per set, but half as many sets, resulting in ~20% fewer repetitions overall compared to
MF. Extrapolating this outcome, had PBF performed the same number of total repetitions as MF, the
estimated PBF hypertrophic response might have reached ~10%, aligning with what was observed
by Larsen et al.,” and consistent with the hypothesis that lengthened partial-ROM repetitions may
provide a slightly more effective stimulus for hypertrophy.? Supporting this notion, Kassiano et al.**
reported that lengthened partial-ROM calf raises led to MT increases of 15% versus 7% for full-ROM
(equal number of sets and repetitions). Together, these findings suggest that including longer-length
partial-ROM repetitions to calf training may produce superior calf hypertrophic adaptations than
the traditional full-ROM training on a per-set basis, although PBF and MF are similarly effective
when volume-load is equated.

The minor superiority of PBF on per-set and per-repetition perspectives may be explained
mechanistically. During contractions, as the ankle dorsiflexes, the gastrocnemii operate at a lower
moment arm while producing a higher active force*® Consequently, for a given external load,
repetitions performed in the longer-length ROM may impose approximately 30% greater mean active
force on the gastrocnemii compared to full-ROM repetitions.* Furthermore, contractions at longer
muscle lengths are associated with increased mechanical tension (considered the main driver of
muscle hypertrophy),*= primarily from the titin,*** which seems to activate distinct titin-mediated
hypertrophic mechanisms.** Thus, despite likely involving smaller fascicle excursions, partial-
ROM repetitions likely induce greater muscle fiber mechanical tension. Although the plantar flexors
do not reach very long lengths on the descending limb of the force-length relationship to engage
passive tension components,’*! when the muscle is active, titin attaches to actin, reducing titin’s
free-length region and shifting the passive force-length curve to the left.* This shift likely allows
muscles operating near the plateau region to still place high tension on titin and benefit from training
in ankle partial-ROM dorsiflexed positions, as previously shown.” Whether greater titin activation is
the main source of increased muscle growth during this type of training remains to be investigated.
Moreover, considering that titin stimulation with high tension and long length training™ is believed
to play a key role in promoting longitudinal hypertrophy through the addition of sarcomeres in
series,®* it remains to be determined how longitudinal muscle growth contributes to overall muscle
size increases following this type of training. Given the complexity of methods like microendoscopy
and laser diffraction imaging used to measure sarcomere length and estimate changes in serial
sarcomere number, future studies may at least estimate it through changes in resting fascicle length
in multiple slack muscle positions, along with measures of tendon stiffness, as done before.*’

Certain methodological limitations should be acknowledged. First, no objective tools such as electrical

goniometers and velocity tracking devices were used for movement analysis during training, although
subjects were instructed and supervised to train on the specified ROM and encouraged to undergo all
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sets to failure in both conditions. Second, the lack of a PBF group with doubled set volume (or an MF
group with halved sets) precludes definitive conclusions about whether the equation of repetitions
or sets would have evoked the discussed results in the current training experiment.® The inclusion
of a non-training control group or a control period could also have improved the interpretability
of the findings about the natural variability in MT over time.*! Third, hypertrophy was assessed
at a single site for the GM and GL. Assessing multiple regions along the muscle length, including
the soleus, and using cross-sectional area or muscle volume measures would have provided a
more comprehensive characterization of the adaptations.*> Fourth, it is important to note that the
present study was conducted in untrained young men, and the findings are therefore specific to this
population. Training is known to modify muscle-tendon passive properties, often leading to shorter
fascicle operating lengths during contraction,”* which may influence the advantage of longer-
length training schemes. Thus, it remains to be determined whether similar effects would occur in
trained individuals. In addition, although longer-length training has been shown to be effective in
females,®?! future studies may further extend the evidence regarding PBF training in this population.

The applicability of the PBF method is limited to exercises where the partial-ROM contractions do not
impose a risk to the practitioner, like calf raises,”* leg extensions,” and biceps curls. Its use in multi-
joint exercises is mostly restricted to machine-based exercises, like horizontal leg-press and chest
press, but not squat and bench press, when not assisted by spotters. The validity of PBF still remains
to be explored to multi-joint, full-body exercise routines to offer a valid strategy to practitioners with
reduced time for training."

In conclusion, when total volume-load is equated, a 10-week calf-raise training yields comparable
increases in gastrocnemius size in untrained young men, whether it is performed with 2-3 sets
of partial repetitions to failure beyond traditional full-ROM failure (PBF) or 4-6 sets of full-ROM
momentary failure (MF).
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