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Abstract
Background  Clinical methods for assessing quality of movement and functional tests are important to clinicians. 
Typical deviations from normal kinematics during the clinical test of Forward Step Down Test (FSDT) are pelvic tilt and 
hip adduction which are associated with the risk of knee pain.

Objectives  (1) to examine the correlation between clinical assessment of the FSDT and joint angle measurements 
of pelvis, hip, knee and ankle joints in males and females; (2) to examine the differences in joint angles between 
individuals rated as good, fair or poor in a FSDT performance test.

Methods  Ninety-two healthy individuals performing FSDT were video-taped with two-dimensional digital video 
cameras. The clinical assessment of the FSDT was rated by two experienced physical therapists as good, fair, or poor 
based on a Crossley et al. (2011) validated scale. Measurements of pelvic drop, hip adduction and knee valgus were 
taken using Image J software.

Results  Out of 177 lower limbs, 74 (37 in each limb) were clinically rated as “good/fair” (41.80%) while 103 (52 in 
the dominant leg and 51 in the non-dominant leg) were rated as “poor” (58.19%). No significant differences were 
observed between dominant and non-dominant legs or between males and females in clinical rating of the FSDT. 
Pelvic drop angle was significantly higher and hip adduction angle was significantly lower for “poor” clinical rating 
compared to “good/fair” in both dominant and non-dominant legs (p < 0.001) in males and females. Females 
demonstrated higher pelvic drop, lower hip adduction and higher knee valgus angles compared with males (p < 0.05).

Conclusions  This study showed that the clinical rating of FSDT is correlated with joint angle measurements 
suggesting that this assessment can be utilized in clinical practice. Individuals with poor quality performance of FSDT 
showed higher pelvic drop and hip adduction movement. Further studies examining different populations with 
diverse disorders or pathologies are essential.
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Background
Performance tests are frequently employed by physical 
therapists to clinically screen the individual’s status and 
functional ability and to monitor his/her progress during 
the rehabilitation process. The aim of performance tests 
is to simulate real-time activity executed by the individ-
ual and to assess his/her movement pattern [1].

The importance of performance/functional tests is 
linked to the notion that faulty movements during func-
tional activities are related to a greater risk of injuries, 
for example: altered movement such as knee valgus dur-
ing jumping or squatting increases the risk of anterior 
cruciate ligament injuries and of anterior knee pain or 
patellofemoral pain, while pelvic drop is greater among 
individuals with patellofemoral and hip pain [2–8]. In 
addition, some studies have found a correlation between 
muscle weakness and faulty movement such as, trunk 
deviation during walking when abductor muscles are 
weak or altered gait pattern [8–11].

Thus, early identification of altered or faulty movement 
during performance or functional tests might reduce the 
risk of injury or assist when establishing a rehabilitation 
program following an injury.

The Forward Step Down Test (FSDT), involves stepping 
down from a stair in order to enable the visual assess-
ment of movement quality during weight bearing on one 
leg while performing flexion and extension of the knee 
[12, 13]. During the test, observation is being performed 
to evaluate joints alignment and neuromuscular con-
trol. The most common scale evaluating the FSDT was 
developed by Crossley and others in 2011 [14]. This clini-
cal evaluation of FSDT performance includes: an overall 
impression as to the ability to maintain balance, trunk 
posture, pelvis position, hip joint position, and knee joint 
alignment [14]. The examiner rates the movement as 
“good”, “fair” or “poor”. The test was found to have good 
reliability [13, 14].

The advantage of the FSDT is the ability to perform an 
easy and direct visual observation which can be adapted 
to the field or the clinic without any special technology 
[15]. Yet, although it is used by clinicians, the FSDT is a 
subjective assessment and examining the association to 
objective measurements is essential.

It has been previously found that there are sex differ-
ences in kinematics at the pelvis, hip, and knee during 
different activities suggesting different movement strat-
egies between males and females [15–17]. For example, 
Weeks et al. (2015), found that joint angles of pelvic rota-
tion and hip adduction were smaller among men com-
pared with females during single leg squat; Gracci et al. 
(2012) also found greater hip adduction and knee abduc-
tion among women, less trunk flexion and higher trunk 
rotation [16, 18]. Hence, it should be considered whether 

these discrepancies between males and females affect 
performance and test scores.

Therefore, our aims were: (1) to examine the correla-
tion between clinical assessment of the FSDT and joint 
angle measurements of pelvis, hip, knee and ankle joints 
in males and females; (2) to examine the differences in 
joint angles between individuals rated as good, fair or 
poor in a FSDT performance test.

Methods
Study design
Clinical rating of FSDT performance and angular mea-
surements of the pelvis and hip in the frontal plane of 
healthy young males and females were carried out based 
on video recording and Image J software (v.1.51) (Image 
Processing and Analysis in JAVA) [19].

Setting
Study procedures
The subjects’ height, weight and BMI, as well as their leg 
dominance (determined as the leg used to kick a ball), 
were recorded. Following a short warm-up (cycling for 
five minutes on a stationary bike), the following anatomi-
cal landmarks were marked on each participant on both 
sides: the anterior superior iliac spine (ASIS), the mid 
patella, and the mid-line between the lateral and medial 
malleoli (representing the center of the ankle joint). All 
the subjects wore only underwear, thereby exposing 
all these anatomical landmarks. The subjects perform-
ing FSDT were videotaped with two-dimensional digital 
video cameras (JVC Everio GZ-HD5EK HD, Japan/USA). 
One camera was placed on a tripod, three meters in front 
of the subject, at a height of one meter and two other 
cameras were placed 2 m laterally to the participant’s legs 
(Supplementary 1) [13, 14, 20].

The forward step down test (FSDT)
The subjects stood on a 20 cm high step with arms across 
their chest, and were instructed to step down to the floor 
while keeping their balance on the weight-bearing leg 
(Fig. 1). Once initial heel contact was made with the floor, 
the subject was instructed to return to the starting posi-
tion, and perform five consecutive repetitions at a rate 
of one step-down per 3 s. Three practice trials were per-
formed and after two minutes of rest, the FSDT was per-
formed [13, 14].

Clinical rating of the FSDT
Two physical therapists (both with over 10 years of clini-
cal experience) evaluated all video recordings and rated 
the quality of the FSDTs. Clinical rating was based fol-
lowing Crossley et al.’s (2013) scale: an overall impres-
sion as to the ability to maintain balance, trunk posture 
(i.e., trunk lateral deviation or shift, trunk rotation, trunk 
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lateral flexion, trunk forward flexion), the position of the 
pelvis (i.e., pelvic lateral deviation, rotation, or pelvic 
tilt), hip joint (i.e., hip adduction, hip internal rotation), 
and knee joint (i.e., knee valgus) in space. The examiner 
graded the performance as good, fair, or poor [14].

Bias
All videos were viewed independently by both exam-
iners, who then compared their assessments. In the 
event of discrepancies, the two examiners re-evaluated 
the recording, discussed the differences, and reached a 
final decision. Before the data collection, both examin-
ers received several hours of training during which they 
practiced and discussed the different segments of the 

scale and its implementation based on 10 examples of the 
FSDTs videotaped earlier.

Reliability of the FSDT rating and joint angles
Reliability tests for the clinical evaluation and the joint 
angle measurements were conducted prior to data col-
lection. Intra-observer measurements were taken twice 
by the same researcher from 15 individuals, with a two-
week interval between the sessions. Inter-observer mea-
surements from 15 individuals were taken simultaneously 
by two independent researchers (YA and DS), blinded to 
each other’s results.

Fig. 1  Forward Step Down Test in the frontal plane (A) and sagittal plane (B)
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Participants
A total of 92 healthy individuals (48 males and 44 females; 
mean age 25.7(± 2.9)) volunteered for this study. Subjects 
were included if they were pain-free and presented no 
musculoskeletal or neurological disorders affecting their 
lower extremities or lumbar spine during the six months 
preceding the study. Any subject suffering from dizziness 
secondary to the use of medication that could cause loss 
of balance, was excluded [13]. The study was approved 
by the Human Research Ethics Committee of Zefat 
Academic College, Israel (N. 04-2017). All participants 
signed an informed consent form. The participants were 
recruited by advertisement among Zefat Academic Col-
lege physical therapy students, in Zefat, Israel.

Variables
Joint angle measurements during the FSDT
The following measurements were performed from the 
frontal plane: the pelvic tilt, hip adduction and knee 
valgus angles. The pelvic drop angle (α) was measured 
between a line connecting both anterior superior iliac 
spines (ASISs) and a horizontal line running from the 
ASIS [21, 22]. The hip adduction angle (β) was measured 
between a line connecting both ASISs and another line 
from the ASIS to the center of the patella [23]. A greater 
angle represents lower adduction movement. The knee 
valgus angle (γ) was measured as the angle created 
between a line running from the ASIS to the center of 
the patella and a line running between the center of the 
patella and the center of the ankle joint/mortise (between 
the two malleoli) (Fig. 2) [24].

Data sources/measurements
All measurements were taken by the same two physical 
therapists using Image J software (v.1.51) (Image Process-
ing and Analysis in JAVA) [19]. The measurements were 
taken while the heel of the forward leg reached the floor 
(implying maximal knee flexion of the standing leg) and 
were performed five times, during each of the FSDT rep-
etitions. The average was recorded and saved for further 
analysis.

Study size
Prior to data collection, the sample size was calculated 
using G*power 3.1 software. The alpha level was set at 
0.05, and a power of 80%. In addition, considering the 
fact that FSDT performance was rated according to three 
grades, it was determined that 159 lower limbs were 
required for the study.

Quantitative variables
For descriptive statistics, quantitative variables were 
described with mean (± SD). Weighted kappa coefficient 
(k) was used for intra- and inter-observer agreement of 

Fig. 2  Pelvic drop (α angle), hip adduction (β angle) and knee valgus (γ 
angle) measurements
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the FSDT clinical ratings and the intra-class correlation 
coefficient (ICC) (ICC model 2,1), analysis for the joint 
angle measurements. Weighted kappa values were inter-
preted as follows: <0.40 - poor agreement, 0.41–0.60 
-moderate agreement, 0.61–0.80 - substantial agreement, 
and 0.81-1 – almost perfect [25]. ICC values were as fol-
lows: <0.40 - poor agreement, 0.40–0.59 – fair agree-
ment, 0.60–0.74 – good agreement, 0.75-1 – excellent 
agreement [26].

Due to the small number in the “good” performance 
group, the “good” and “fair” performances were grouped 
as “fair/good” performance cohort and were compared to 
the “poor” performance cohort (Supplementary 2 – Data 
unanalyzed values).

Statistical methods
Each dependent variable was examined for normal-
ity assumption via skewness (SK < [2.0]) and kurtosis 
(K < 7.00) procedures. Skewness values ranged between 
− 0.005 and 0.675 and kurtosis values ranged between 
− 0.028 and 0.583. Therefore, a normal distribution was 
assumed for dependent variables.

The chi square test compared the FSDT clinical ratings 
between males and females and between the dominant 
and non-dominant leg of the same individual.

For each leg (dominant and non-dominant), a multivar-
iate analysis of variance (MANOVA) was performed on 
the variables within each cluster, including pelvic drop, 
hip adduction, knee valgus, sex and interaction between 
variables. This procedure was followed by an ANOVA. 
Tukey’s post hoc multiple comparison tests were per-
formed when the F-test was significant (p < 0.05).

We performed binomial logistic regression to predict 
FSDT performance. In the regression model, we assessed 
the explanatory power of (a) pelvic drop, (b) hip adduc-
tion, (c) knee valgus on the accuracy of FSDT clinical rat-
ing for the dominant and the non-dominant leg.

The chi square test compared the FSDT clinical ratings 
between the dominant and non-dominant leg of the same 
individual in order to evaluate leg symmetry.

Data were analyzed using the SPSS (v. 26.0) program. 
Significance was set at p < 0.05.

Results
Eighty-nine dominant legs (96.7%) and 88 non-dominant 
legs (95.7%) were analyzed due to poor visualization of at 
least one of the markers in 7 out of 184 cases.

Demographic characteristics
Descriptive data of the studied population is summa-
rized in Table 1. Out of 92 subjects, 75(81.5%) reported 
their right leg as dominant (40 males, 35 females). All 
parameters were significantly higher in males compared 
with females, beside age which was controlled (20–30) 
(Table 1).

Reliability tests
The reliability of the clinical rating of FSDT was almost 
perfect, with intra-observer agreement of quadratic 
weighted kappa of 0.960 (95% confidence interval: 
0.9126-1; p < 0.001) and inter-observer agreement of qua-
dratic weighted kappa variation of 0.918 (95% confidence 
interval: 0.797-1, p < 0.001).

The reliability analysis of joint angles measurements 
demonstrated excellent agreement of the intra-observer 
variation, i.e., ICC = 0.938 (95% confidence interval: 
0.870–0.971, p < 0.001) and inter-observer variation, 
i.e., ICC = 0.911 (95% confidence interval: 0.821–0.956, 
p < 0.001).

Clinical ratings of the FSDT
Out of 177 lower limbs, 74 (37 in each limb) were clini-
cally rated as “good/fair” (41.80%) and 103 (52 in the 
dominant leg and 51 in the non-dominant leg) were 
rated as “poor” (58.19%). No significant differences were 
observed in the clinical ratings (″good/ fair″ vs. ″poor″) 
when tested for sex effect, of the FSDT (Table 2). No dif-
ferences between dominant and non-dominant legs were 
observed in the FSDT results (p = 0.310). Therefore, fur-
ther analysis was performed on the entire sample (177 
lower limbs in total).

Joint angle measurements and clinical rating
The mean joint angle measurements of pelvic drop, hip 
adduction and knee valgus angles for the dominant and 
non-dominant leg limbs of the entire sample were: 7.44° 
(± 3.71) and 6.69° (± 3.58); 75.11° (± 7.14) and 76.78° 
(± 8.10); 4.20° (± 2.53) and 4.06° (± 2.91), respectively.

Pelvic drop was significantly higher and hip adduction 
was significantly lower for “poor” clinical rating com-
pared to “good/fair” in both dominant and non-dominant 
legs (p < 0.001) in males and females (Table  3). Signifi-
cant differences were found between males and females 
implying higher pelvic drop, lower hip adduction and 

Table 1  Demographic characteristics (mean (± SD)) of the 
studied population (t-test)

Females 
(n = 44)

Males 
(n = 48)

Total (n = 92) p-value

Age (year) 25.04 (± 8.70) 26.43 
(± 2.79)

25.7(± 2.9) 0.557

Height (m) 162.01 
(± 4.89)

175.01 
(± 6.54)

169.2(± 8.4) < 0.001*

Weight (kg) 57.65 (± 8.97) 75.33 
(± 11.70)

66.88(± 13.66) < 0.001*

BMI (kg/m2) 21.68 (± 3.08) 24.51 
(± 3.02)

23.26(± 3.34) < 0.001*

*Significant differences (P < 0.05)
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higher knee valgus angles among females (p < 0.05). No 
interaction was found between sex and clinical rating for 
any joint angle measurements (Table 3).

The explanatory joint angle measurements power of FSDT 
clinical rating
A significant prediction model was developed based on 
the three measured variables (pelvic drop, hip adduction, 
knee valgus) (e.g., 0.01 < p < 0.05; 0.312 < Nagelkerke R 
Square < 0.512).

The three parameters together can explain the perfor-
mance clinical rating in 64.3% (females, dominant leg) to 
76.6% (males, dominant leg) of the cases (Supplementary 
3). A significant prediction based on one angle only was 
found for the pelvic tilt of the dominant leg in males only 
(p = = 0.003).

Discussion
Performance and functional tests such as FSDT are 
essential in assessing the individual’s ability to perform 
daily and sport activities (e.g. stepping up or down stairs, 
running, jumping). These activities are commonly per-
formed post-injury before the individual resumes full 
activities or sports [1].

Our main finding was that clinical rating of FSDT is 
correlated with joint angle measurements of the pelvis 
and hip joints showing that individuals rated as “poor” 
had higher pelvic drop and lower hip adduction angles 
compared with individuals rated as “good/fair”.

Similar to our study design, Perrott et al. (2021), exam-
ined the kinematics of athletes with good and poor lum-
bopelvic stability based on clinical rating of single leg 
squat (SLS) and dip test. During SLS participants rated 
as “poor” rotated their pelvis and side flexed their trunk 
toward the trail leg, while during dip test these partici-
pants had greater pelvic obliquity) [27].

Crossley et al. (2011), reported delayed onset of gluteus 
medius activity in individuals with poor FSDT perfor-
mance. This might explain the findings of our study. In 
support of this explanation, previous studies suggested 
that hip abductor weakness might influence the perfor-
mance of the individual during single leg tasks such as 
FSDT, single leg squat, and single leg mini squat [2, 9, 14, 
28]. Diminished eccentric hip abductor muscle strength 
has been associated with greater hip adduction and con-
tralateral pelvic drop during a single leg mini-squat [8]. 
In addition, the extent of anticipatory gluteus medius 
activity was significantly correlated with pelvic drop [29]. 
Thus, neuromuscular control deficit might be the link 
between poor performance and differences in pelvic and 
hip joint angles.

We suggest that the major differences between indi-
viduals who performed well/fairly or poorly were mainly 
in the pelvic and hip joints. The knee was not much Ta
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involved and did not show a large difference between 
individuals. This is also in agreement with Perrott et al. 
(2021) who found significant differences in pelvic obliq-
uity and hip adduction, but no differences in knee or 
ankle joint between athletes who performed poorly or 
well in the single leg squat test [27].

This study found no differences between dominant and 
non-dominant legs in the FSDT results and in joint angle 
measurements. This is in line with other studies exam-
ining symmetry during functional tests. Vaisman et al. 
(2017) examined symmetry of maximal muscular power 
using measurement of flight height in healthy young 
adults during single-leg squat jump, finding no differ-
ences between dominant and non-dominant legs. Other 
studies also found no differences between dominant and 
non-dominant leg regarding joint movement, range of 
motion or muscle strength [30–33].

Due to the development of modern technologies 
worldwide, there is an increasing tendency to develop 
new means to assess the individual’s quality of move-
ment and a desire for a more objective tool than relying 
only on visual assessment by the examiner/therapist. 
These technologies include 3-D motion analysis systems 
(e.g. VICON) and wireless inertial sensors [34]. How-
ever, most medical clinics are not equipped with these 
technologies, as they are usually expensive to purchase, 
require software expertise and finally, are not applicable 
in the clinical setting. A clinical evaluation is still com-
monly used by clinicians, therapists and trainers in order 
to assess the individual’s quality of movement during dif-
ferent functional tasks. Thus, it is important to examine 
the accuracy of this visualized assessment.

In addition, we found differences between males and 
females suggesting higher pelvic drop, hip adduction and 
knee valgus in females compared with males. Nakagawa 
et al. (2012), too, examined differences between the sexes 
claiming that kinematics and neuromuscular activa-
tion during movement are different between males and 
females [8]. Their study likewise revealed that females 
have a greater amount of hip adduction compared with 
males, similar to our results. Yet, they did not find a dif-
ference between the sexes in the pelvic drop measure-
ment, while we found a higher pelvic drop angle among 
females compared with males. Other studies found a sim-
ilar tendency of higher angles for trunk, pelvis, hip and 
knee among females compared to males in single leg tests 
[15, 16, 18]. Thus, it is important to examine and com-
pare between the sexes when assessing performance tests 
due to the difference between males and females in kine-
matics during gait and movements.

Our sample included healthy young individuals. For 
a physical task such as the FSDT, a healthy population 
with good neuromuscular ability and no risk of falling 
was preferred. Similar to our study, Perrott et al. (2021), Ta
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examined single leg squat tests among athletes and cat-
egorized them by quality of performance (poor/good /
neither good nor poor). Most of their population (39/62) 
were rated as having neither good nor poor performance. 
Healthy or active adults have a wide range of quality of 
movement, not all performing well or having the best 
results on functional tests. Functional tests are used to 
diagnose those who perform poorly so that exercise pro-
grams can be adjusted to improve their performance [27].

FSDT studies can be difficult to compare due to the 
large variety of test names available in the literature (e.g. 
forward step down test, single leg squat, single limb mini 
squat) [14, 18, 35]. In a recent meta-analysis, it was found 
that even when studies reported the same test name., e.g., 
SLS, the test protocol was different in 10 out of 12 studies 
[28]. In addition, there are several different ways in which 
performance is graded or scaled (e.g. 2, 3, 4 or more point 
scale and the joints that are being examined [28]. Our 
study used the 3 point scale (good, fair, poor) and 4 body 
segments (trunk, pelvic, hip, knee) and overall impres-
sion, and followed Crossley et al. (2011) and Herman et 
al. (2016) [13, 14].

Our study has several limitations. The participants 
were healthy adults; thus, the conclusions only relate to 
healthy individuals. In addition, we observed that only 
a small number of participants was rated with a “good” 
performance during FSDT. This limited our ability to 
perform statistical analysis and required us to subgroup 
good performance score with fair. Future studies should 
also examine hip muscle strength in symptomatic popu-
lations and examination with advanced technologies or 
gold standard (such as VICON).

Conclusions
This study showed that the clinical rating of FSDT is cor-
related with joint angle measurements suggesting that 
this assessment can be utilized in clinical practice. Indi-
viduals with poor quality performance of FSDT showed 
higher pelvic drop and hip adduction movement. Further 
studies examining different populations with diverse dis-
orders or pathologies are essential.

Clinical implications
Clinical implications of this study suggest that the FSDT 
can be utilized in clinical practice enabling clinicians to 
visually identify faulty movements, in order to adjust 
exercise programs to improve performance or enhance 
rehabilitation.
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