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ABSTRACT

Purpose. Backward descent of stairs is associated with improved muscle strength and reduced joint stress, but the effect of back-
ward ascent of stairs on lower limb muscle strength has not been reported. This study compared the effects of forward and backward
stair climbing on lower limb muscle strength in apparently healthy young adults.

Methods. The total of 31 young volunteers were allocated to either forward or backward stair climbing group (n = 16 and 15,
respectively). Dynamic quadriceps and hamstring muscle strength was assessed in addition to thigh girth at baseline and at
weeks 4 and 8 with the use of the repetitive maximum method and tape measure, respectively.

Results. Between baseline and week 8, muscular strength in both groups (quadriceps: 14.4 + 3.6 to 16.4 + 3.4 kg; 14.0 + 2.9 to
15.3 £2.7 kg; hamstring: 12.2 +3.2to0 13.4 £3.2; 11.7 + 2.5 to 12.9 = 2.7 kg) increased significantly (p < 0.05) while the increase
in thigh girth was not significant (p > 0.05). The groups were comparable in all three measures post intervention.
Conclusions. Forward and backward stair climbing protocols are effective for improving the dynamic strength of the hamstring
and quadriceps muscles of apparently healthy young adults. Thus, either protocol could be used for the improvement of lower

limbs dynamic muscle strength.
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Introduction

Stair climbing is a component of lifestyle physical
activity that has the potential for an accessible, effective,
and affordable health intervention [1-3]. It has gained
so much prominence that it was specifically recom-
mended by the American College of Sports Medicine
and American Heart Association for health improve-
ment and maintenance [1, 4] It is a common functional
training procedure in physiotherapy and sports science
and has been reported to be highly associated with
improved cardiovascular health, muscular strength,
and fitness [5-8].

In spite of extensive published trials on stair climb-
ing [5-10], its effectiveness regarding improvement of
muscular strength still appears debatable. Most authors
have focused on the cardiorespiratory and biomechani-
cal effects of climbing stairs [5, 6, 8, 11]. The few avail-
able studies relating to the use of stairs in strength

training have involved either individuals with mobility
limitation (induced by cardiovascular disease) [7] or
healthy seniors aged 65 years and above [10]. These
authors have also come up with conflicting findings.
For instance, researchers like Bean et al. [9] and Theo-
dorou et al. [7] reported significant increases in mus-
cle strength among healthy and diseased elderly men,
respectively; whereas Donath et al. [10] did not find
any remarkable effect of stair climbing on their par-
ticipants’ double leg maximal isometric force.

There is enormous evidence in literature to suggest
that isometric, isotonic, and isokinetic strength train-
ing techniques increase muscle mass and strength
[12-16]. One of the basic principles governing strength
training is that of overload that implies tasking the
muscle beyond its normal or regular capacity [14]. A
muscle that is trained close to its force-generating ca-
pacity will increase in strength as strength improvement
is generally governed by the intensity of overload and
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not by the specific type of exercise used to apply that
overload [13, 14]. Stair climbing is a dynamic training
procedure which derives its overload from the trainee’s
body mass [17], although a group of researchers used
weighted vests to provide additional training load [9].

Most researchers that used stair climbing for strength
training have routinely employed forward climbing of
stairs [9, 10] since it appears practically easier and more
acceptable to the public. Backward stair descent was
reported as the safer approach for people with knee
osteoarthritis who also present with reduced strength
and joint laxity [11]. Forward stair descent was shown
to impose greater work load on the lower limb joint,
which aggravates the patients’ symptoms [11]. Further,
studies on the effectiveness of climbing stairs for strength
training among young adults who are active in sports
or other activities of daily living are rather scarce. Besides,
there has been no known previous attempt to investigate
the efficacy of backward ascent of stairs in strength
training although it was reported as having similar car-
diovascular effects as forward approach [8]. Since back-
ward stair descent is beneficial in terms of reduced joint
stress and loading [11], it is pertinent to determine if
combined backward stair ascent and decent will be useful
for improvement of strength among healthy population
with the view of extrapolating findings to people with
knee joint complaints. Further, cost-effective interven-
tions which require only stairs are important in poorer,
developing countries like Nigeria. Therefore, the purpose
of this study was to investigate and compare the effects
of forward and backward stair climbing on hamstring
and quadriceps muscles strength, as well as thigh mus-
cle girth of apparently healthy young adults.

Material and methods
Participants

The protocol involved 31 apparently healthy male
and female volunteers aged 18-30 years who were re-
cruited from the University of Ibadan and University
College Hospital communities in Nigeria. Oral interviews
and physical examination of the participants’ lower
limbs were conducted to ensure they had no history of
major injury or surgery (in the preceding 12 months),
paralysis or weakness in their lower extremities. None
of the participants was involved in any active sporting
activity at the time. The subjects were assigned either to
the forward stair climbing (FSC) or to the backward stair
climbing (BSC) group in order of their availability [8].

Research design

A pre-test/post-test quasi-experimental design was
applied in the study. The participants were allocated to
the treatment groups (FSC or BSC) for an 8-week period,
with sessions occurring 3 times per week.

Research venue

The study was conducted at the gymnasium of the
Department of Physiotherapy, University College Hos-
pital, Ibadan, Nigeria.

Procedure

The approval of the University of Ibadan / University
College Hospital Joint Institutional Review Committee
(UI/IRC/04/0050) was sought and obtained before the
commencement of the study. Written informed con-
sent was obtained from the participants after the ex-
perimental procedures had been explained. The par-
ticipants’ age was recorded in years, while their stature
and body mass were measured with a stadiometer (with
combined metric and mass scales) (Gulfex, Germany).
For the purpose of uniformity, the subjects’ dominant
limbs were chosen for strength testing. The dominant
limb was determined by instructing the participants
to kick a ball thrown at them thrice. The limb used to
kick the ball at least twice was chosen for the assess-
ment [18].

Outcome measures

The assessment of dynamic quadriceps and ham-
string muscle strength was performed by predicting
a participant’s one repetition maximum (1-RM) with
the use of Berger’s equation [19, 20]. The equation was
reported to be valid for predicting 1-RM of lower limb
muscles strength in adults and demonstrated good
correlation with the conventional 1-RM test (r = 0.97;
p < 0.05) [20]. Thigh girth was evaluated with a tape
measure (Butterfly, China). Lower extremity girth meas-
urements have demonstrated high reliability, both in-
tra- and inter-tester, with the intraclass correlation
coefficients (ICC) ranging 0.82-1.0 and 0.72-0.97,
respectively [21].

Muscle strength testing
(a) Dynamic quadriceps muscle strength

Dynamic quadriceps strength was assessed with
the Delorme boot (Oxford, England) and plastic weights
(Oxford, England), with the participant in a high sitting
position on a specially designed seat that had its back-
rest tilting at the angle of 120° to the horizontal. The
position placed a stretch on the rectus femoris aspect
of the quadriceps femoris muscle, thereby causing the
force of the extensors of the knee to be increased [22].
The subject’s back was strapped to the backrest of the
testing seat, while the upper third of the thigh was
strapped to the sitting platform to prevent extraneous
movements of the thigh during tests. The legs were free
to move in space from the knee. The Delorme boot was
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strapped to the foot of the leg to be tested, and the
plastic weights corresponding to a certain repetition
maximum of the participant (W kg) were randomly
selected and attached to the boot. The participant was
instructed to lift the load by extending the knee of the
limb to which the load was attached. The number of
times they performed the lift from 90° of knee flexion
to full knee extension before fatigue set in was also
recorded as R [23].

(b) Dynamic hamstring muscle strength

Dynamic hamstring strength was determined with
the Delorme boot and plastic weights. The participant
was made to lie prone, with their feet hanging over the
edge of the plinth. A pillow was placed under the knees
to prevent compression of the patella between the femur
and the plinth. The trunk and thighs were also strapped
to the plinth to prevent extraneous movements of other
parts of the body. The Delorme boot was strapped to the
dominant foot, and the plastic weights corresponding
to a certain repetition maximum of the participant
(W kg) were attached to the boot. The participant was
then instructed to flex their knee against the resist-
ance offered by the load and lifted the weights within
their limits of pain and muscle fatigue, as suggested by
Puett and Griffin [23]. The number of times the indi-
vidual lifted the load through the full range of motion
(from knee extension to knee flexion) before getting
fatigued was recorded as R.

Computations. The 1-RM for the hamstrings and
quadriceps femoris muscles was estimated with Berger’s
equation:

1-RM = W (kg)/(1.0261 e™00262 ) [19]

The calculated 1-RM values were taken as the sub-
ject’s dynamic quadriceps and hamstring strengths, meas-
ured in kilograms, to the nearest two decimal places.

(c) Thigh girth

The participants’ thigh girth was assessed with an
inelastic tape measure. The subject lay supine on the
plinth with their lower extremities relaxed and straight.
The landmarks of greater trochanter and the apex of
the patella were located. The mid-point between the
landmarks was marked with an erasable marker, and
the thigh circumference was taken from the point and
recorded in centimetres [24]. The measurements were
obtained at baseline, week 4 and the end of the inter-
vention period.

Stair climbing training programme (intervention)
The lead researcher practically demonstrated the

training protocols to the participants before they were
allowed to commence training.
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A wooden stepladder with 4 steps (each 15 cm high)
on the ascent side, and 3 steps (each 20 cm high) on
the descent side, was used for the stair climbing training
programme. Its highest platform was 60 cm high and
its gradient on the ascent and descent sides was 0.67
and 0.91, respectively. All steps were 50 cm wide [8].

(a) Forward stair climbing

The participants in the forward stair climbing group
faced the stairs with their arms hanging freely by their
sides. They then ascended and descended the stairs in
the forward direction. The ascent and descent lasted
8 seconds, with the participant’s alternate foot stepping
on each stair every second to a count of 1, 2 up to 8.
The subjects ascended at the same side of the stairs
and descended through the opposite set of steps with-
out holding the rails, and performed 3 complete as-
cents and descents per session during weeks 1 and 2 of
the training. A progression was built into the training
as follows:

—weeks 3 and 4: 6 ascents and descents per session;

—weeks 5 and 6: 9 ascents and descents per session;

— weeks 7 and 8: 12 ascents and descents per ses-
sion [8].

(b) Backward stair climbing

The format and progression for backward stair climb-
ing training were as for the forward stair climbing
training, except that the participants were now required
to climb and descend the stairs in the backward direc-
tion (backing the stepladder) [8].

The training for both groups took place thrice weekly.

Statistical analysis

The data were analysed with the use of the SPSS
20.0 version software (SPSS Inc., Chicago, Illinois, USA).
The descriptive statistics of mean, standard deviation,
and 95% confidence intervals were computed. The in-
dependent t-test was applied to compare the partici-
pants’ demographic characteristics and baseline muscle
strength variables. Repeated measures ANOVA allowed
within-group comparison of FSC and BSC participants’
dynamic quadriceps muscle strength, dynamic ham-
string muscle strength, and thigh girth across baseline,
week 4, and week 8 of the study, while Bonferroni ad-
justment was performed for post-hoc analysis. One-way
ANCOVA was also used to compare the parameters of
the groups, with age as a covariate. (The groups were
significantly different in their ages at baseline). The level
of significance was set at o = 0.05.

Results

A total of 31 apparently healthy young adults [FSC
group: n = 16 (11 males, 5 females); BSC group: n = 15
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(9 males, 6 females)| participated in the study. Their
demographic characteristics and baseline muscle strength
variables are presented and compared in Table 1. The
participants in the FSC group were significantly older
(p = 0.007) than those in the BSC training group, but

the groups were comparable in the stature, body mass,

and body mass index of the subjects.

As presented in Table 2, quadriceps muscle strength
(FSC: 14.4 + 3.6 to 16.4 = 3.4 kg; BSC: 14.0 + 2.9 to
15.3 + 2.7 kg) and hamstring muscle strength (FSC:

Table 1. Comparison of the participants’ demographic and muscle strength variables at baseline

Training groups

Variable FSC BSC t-value p-value
Mean + SD Mean + SD
Age (years) 26.06 + 3.09 23.13 £2.58 2.877 0.007*
Stature (m) 1.71 £ 0.13 1.69 + 0.06 0.459 0.650
BM (kg) 61.13 +12.76 58.53 +4.85 0.737 0.467
BMI (kg/m?) 20.85 + 3.67 20.44 £ 1.70 0.391 0.699
DQS (kg) 14.39 + 3.62 13.99 + 2.86 0.340 0.736
DHS (kg) 12.17 £ 3.24 11.71 £ 2.51 0.442 0.662
TG (cm) 47.69 £ 5.74 47.13 £ 3.62 0.362 0.752

* significance at a = 0.05

FSC - forward stair climbing, BSC — backward stair climbing, SD — standard deviation, BM — body mass, BMI - body mass index,

DQS - dynamic quadriceps muscle strength, DHS — dynamic hamstring muscle strength, TG - thigh girth

Table 2. Repeated measures ANOVA within-group comparison of FSC and BSC participants’ variables across baseline,

weeks 4 and 8 of study

Baseline Week 4 Week 8
Variable Mean * SD Mean * SD Mean * SD P Cohen d
(95% CI) (95% CI) (95% CI)
FSC GROUP
DQS (kg) 14.39 + 3.62° 15.70 + 3.44° 16.38 + 3.35°¢ <0.001 1.52
(12.46-16.32) (13.87-17.53) (14.59-18.16)
DHS (kg) 12.17 + 3.24* 12.99 + 3.20° 13.43 + 3.24° <0.001 1.48
(10.44-13.89) (11.23-14.69) (11.71-15.15)
TG (cm) 47.38 + 6.42° 48.25 + 6.50* 48.38 + 6.42* 0.227 0.24
(44.63-50.74) (44.79-51.79) (44.96-51.79)
BSC GROUP
DQS (kg) 13.99 + 2.86° 14.92 +2.87° 15.32 £ 2.70¢ <0.001 1.19
(12.41-15.58) (13.33-16.51) (13.82-16.82)
DHS (kg) 11.71 + 2.51° 12.41 + 2.56° 12.94 + 2.73Y < 0.001 1.12
(10.32-13.09) (11.00-13.83) (11.43-14.45)
TG (cm) 47.13 + 3.62° 47.20 + 3.69* 47.60 + 3.36° 0.488 0.21

(45.12-49.14)

(45.16-49.24)

(45.74-49.46)

ab.¢_represent post-hoc analysis. Mean values with different superscripts are significantly (p < 0.05) different.

Mean values with same superscripts are not significantly (p > 0.05) different.

SD - standard deviation, CI - confidence interval, FSC - forward stair climbing, BSC — backward stair climbing,
DQS - dynamic quadriceps muscle strength, DHS — dynamic hamstring muscle strength, TG - thigh girth

Table 3. Analysis of covariance comparison of the participants’ parameters adjusting for age

Variable R? Adjusted R* Mean difference (95% CI) F p

DQS (kg) 0.59 ~0.09 0.52 (<2.04 t0 3.08) 0.173 0.680
DHS (kg) 0.008 -0.06 0.60 (-1.95 to 3.195) 0.231 0.634
TG (cm) 0.021 -0.049 0.13 (—4.23 to 4.44) 0.004 0.953

Mean difference — difference between mean FSC and mean BSC, CI - confidence interval,
DQS - dynamic quadriceps muscle strength, DHS — dynamic hamstring muscle strength, TG - thigh girth
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12.2 + 3.2 to 13.4 + 3.2 kg; BSC: 11.7 £ 2.5 to 12.9 +
2.7 kg) increased significantly (p < 0.05) between base-
line and week 8. Large effect sizes (ES) were observed
for the increase in both measures for the two groups
(FSC quadriceps: ES = 1.52; hamstring: ES = 1.48; BSC
quadriceps: ES = 1.19; hamstring: ES = 1.12). The in-
crease in thigh girth was not significant (p = 0.227)
across the 3 time points of the study.

Between-group comparison did not reveal signifi-
cant differences in any of the three measures (Table 3).

Discussion

Effects of forward and backward stair climbing
on muscle strength and thigh girth

The results of the study suggest that both forward
and backward stair climbing positively impact on dy-
namic strength expression despite no changes in the
thigh girth. It is a known fact that a muscle that is trained
close to its force-generating capacity will increase in
strength, and the strength improvement is determined
by the level of tension placed on such a muscle [13, 14].
The impact of body weight on the leg muscles during
stair climbing provides overload which generates ten-
sion in the selected muscles and some other muscles
of the lower limb [17]. This further suggests that the
demand placed on the participants’ hamstring and quadri-
ceps muscles by the stepladder protocol was good enough
to stimulate strength gain, hence the observed finding.
The result regarding strength gain is consistent with
the reports of Loy et al. [25], who observed a significant
increase in the isokinetic quadriceps strength of 9 middle-
aged women after a 12-week strength training with
a treadmill stair climber.

The results suggest that both stair climbing proto-
cols did not bring about the expected strength-induced
hypertrophy as reflected by the inappreciable increase
in the participants’ thigh girth. Although strength train-
ing can cause muscle hypertrophy, the findings of some
previous investigators [26-28] suggest that circumferen-
tial measurement is a poor predictor of muscle strength
in spite of its wide usage. Bohannon [28] argued that
other muscles, subcutaneous adipose tissue, blood ves-
sels, and bones also contributed to the circumferential
measurements results. Unfortunately, modern techniques
of assessing muscle size, such as ultrasonography or com-
puter tomography, were not readily available for use in
this trial. An increase in muscle bulk is not a necessary
pre-requisite for improvement in strength and power
with training since important neurological factors sig-
nificantly affect the expression of human strength [29].
Hence, rapid gains in strength in early phases of strength
training have indeed been ascribed to recruitment of
motor units (neural) factors [15, 16, 29].

Studies testing stair climbing protocol influence on
thigh girth are rather scarce. Meyers et al. [30], however,
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observed a significant effect of 12-week stair climbing
on gastrocnemius muscle girth (in both injured and
uninjured limbs) in athletes who had undergone ante-
rior cruciate ligament repair. Besides the methods of
girth measurement and the difference of muscles, the
observed variability of findings might be attributable to
the training equipment involved in both studies. A short
stair frame (with 4 steps and 60 cm high) was used for
training in the present study, while Meyers et al. [30]
employed a hydraulic stair climber. Thus, while the
training load was the body weight in this study, the
resistance in the other one came from the hydraulic sys-
tem of the stepper. Eccentric contractions of the plantar
flexors are needed to overcome the resistance of the
stair climber [30]. Stair dimensions were also reported
to influence the temporal and angular kinematics of
the lower limb during stair climbing [31], which may
in turn determine the overload provided by the stairs
during the training. The findings of Kennedy et al. [5]
and Boreham et al. [6], who trained their participants
using public stairs, cannot be compared directly with
the present study outcomes since they did not refer to the
effects of stair climbing on muscle strength or bulk.

Forward versus backward stair climbing
in strength training

The two stair climbing protocols appear comparable
in their effects on muscle strength and bulk, as revealed
by the findings of this study. Exercise experts and the
public may not be favourably disposed towards adopt-
ing the backward stair climbing protocol. It is less ap-
pealing, practically more difficult, and does not really
represent the common public approach. However, the
backward method has been reported better and safer
for descending stairs in terms of reduced joint stress
and loading [11]. One may be inclined to suggest, with
the present findings, that backward stair climbing
will offer combined benefits of improved strength and
reduced joint stress in individuals with knee joint prob-
lems. We are aware of the difficulty associated with as-
cending stairs with the backward approach, and this
largely influenced our choice to adopt a short stepladder
for training in our study.

To our knowledge, this is the first study testing the
effects of combined ascent and descent of stairs in
strength training, and also among a young healthy pop-
ulation. Theodorou et al. [7] found greater improvement
in eccentric (12.3% vs. 7.1%) and isometric (8.8% vs.
5.9%) peak torque for the stair descent group as com-
pared with the ascent group. However, the extent of
comparing their findings with this study is limited.
Their participants were much older (60-70 vs. 18-30
years of age) and also physically impaired by chronic
heart failure; moreover, there were obvious differences
in methods of stair climbing and muscle strength as-
sessment. Similar differences also exist between our
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study and the research by Donath et al. [10], who did
not find significant differences in the effects of one-
step and two-step stair ascent on the maximal strength
of healthy seniors (mean age, 70.5 years). There seems
to be dearth of studies on the comparative efficacy and
effects of FSC and BSC exercises on muscle activity
and strength.

Clinical implication of the findings

The outcome of the study reveals that both stair
climbing protocols produced similar strength improve-
ment. Physiotherapists and other exercise experts are
hence encouraged by the findings to recommend back-
ward stair climbing for combined benefits of reduced joint
stress and loading for patients with knee joint problems.

Limitations

The present study is not without limitations. The
major one is the fact that the male/female variables of
the groups were not separated in the data analysis.
This tends to limit the information conveyed in our
findings in terms of ideal group comparison. Males
are generally known to outstrip females in terms of
strength [13]. A larger sample size might have boosted
the external validity of the study. Additionally, using
an isokinetic dynamometer for strength measurement
could have made the findings more objective.

Conclusion

In conclusion, the study found that the 8-week for-
ward and backward stair climbing protocols resulted in
similar strength benefits. Individuals with knee joint
complaints may benefit from backward stair climbing
in relation to improved strength and reduced joint stress
and loading. Testing these protocols in people with knee
joint complaints may be an interesting perspective for
future research.
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