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Objective: To validate visual examination of arthroscopy patients during challenging ambulation tasks, such as stair descent 
and single leg squat. 
Method: Three arthroscopy patients and 12 healthy subjects performed a stair descent and single leg squat task. 3D motion 
capture measurements and 2D video recordings were collected. From the 3D motion capture measurement kinematics for 
trunk, pelvis, knee and foot were calculated, along with the kinetics of the knee; external knee adduction moment (KAM) 
and knee flexion/extension power. The 2D videos were visually rated by three physiotherapists and intra-rater and inter-
rater reliability was calculated using first order agreement statistics (AC1). The agreement between the 3D motion capture 
measurements and the visual ratings were calculated, also using AC1. 
Results: The combined intra-rater agreement was almost perfect (AC1 = 0.91-0.94). The inter-rater agreement was slight 
for the combined mean (AC1 = 0.29) and substantial deviations in agreements were found (range 0.96). Pairwise 
comparison of the raters showed discrepancy in agreements, with the highest combined mean of AC1 = 0.55 (range = 0.69) 
and the lowest combined mean of AC1 = 0.09 (range = 1.49). The comparison between the visual examination and the 3D 
motion capture method, resulted in a moderate combined mean agreement (AC1 = 0.50) with a substantial deviation (0.80). 
Comparing the individual raters to the 3D motion capture measurements resulted in a good agreement as the highest (AC1 
= 0.72; range = 0.88) and a slight agreement as the lowest (AC1 = -0.04; range = 1.49). 
Conclusion: The findings from this study imply that visual rating has an almost perfect intra-rater reliability, but a slight 
inter-rater reliability, when combining ratings from stair descent and single leg squat. The agreement between raters and 
3D motion capture measurements were moderate and rater specific. The agreement between the KAM measured and the 
overall visual ratings, resulted in slight to moderate agreements- Therefore, the overall visual ratings does not seem to  
comply with the medial knee loadings of the subject.

Introduction 

Knee osteoarthritis (OA) is a major burden worldwide 

predominantly among elderly people7. However, the 

onset of knee OA is accelerated if injuries to the 

meniscus or anterior cruciate ligament (ACL) are 

sustained14,29. Further, these injuries are treated with 

arthroscopic knee surgery which also have been  

 

found to add risk to an earlier onset of knee 

OA12,13.23,34,42. Hence, injuries to either the meniscus 

or the ACL, regardless if surgery is needed or not, can 

cause earlier onset of knee OA. Meniscal injuries and 

the severity of these have been associated with the 

external knee adduction moment (KAM)8. In regards 
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to the ACL, Zabala et al.45 found that ACL 

reconstructions alter the KAM, as the ACL 

reconstructed knee has a decreased KAM and the 

contralateral knee has an increased KAM compared 

to healthy subjects.  

Following arthroscopy surgery, a physiotherapist 

(typically) evaluates muscle strength, joint mobility, 

pain and swelling of the joint using visual 

examination24. To evaluate this the patient is asked 

to perform functional movements such as step board 

exercises and/or stair descents, which are 

movements used for evaluation of both range of 

motion (RoM) and muscle strength5,15,21,24,41. Based 

on the visual examination rehabilitation exercise 

programs are prescribed to the patients3,5,25. Such 

visual examination methods are widely used in 

clinical practice25, but the reliability and validity of 

these examinations have been investigated by 

different researchers with discrepancies between 

the results10,18,26,39,43. These discrepancies might 

result from using different movement tasks or 

different visual rating methods. Using more 

challenging movements would likely cause more 

evident movement abnormalities, compared to 

regular gait analysis where the differences might be 

too small to be clearly determined visually. To ensure 

a reliable and valid examination a standardization of 

the movements and evaluation forms have been 

suggested with different methods proposed6,9,11,35,44. 

However, some of the methods focus on only the 

knee, the lower body or the upper body6,9,11, whereas 

others examine the whole body35,44. As trunk tilt in 

the frontal plane, lateral displacement of the pelvis, 

pelvis tilt in the frontal plane, knee malalignment in 

the frontal plane, knee power and foot pronation all 

influence KAM1,19,20,22,27,30,31,32,33,36,40,, the 

examination method should include all these 

segments. Whatman et al.44 developed and reliability 

tested a visual examination method to evaluate all 

these segments along with oscillations and an overall 

rating. Results showed acceptable intra-rater and 

inter-rater reliability especially among experienced 

physiotherapist. Additionally, the rating form 

included both a dichotomous and ordinal rating 

scales, where the dichotomous rating scale showed 

the best intra-rater and inter-rater agreement. 

However, Whatman et al.44 did only test the 

reliability of the rating without testing the validity of 

the rating method. 

Therefore, the purpose of this study was to test the 

validity of the rating form proposed by Whatman et 

al.44 for challenging ambulation tasks such as, i.e., a 

stair descent and a single leg squat for both healthy 

subjects and knee arthroscopy patients. Kinematics 

for trunk, pelvis, knee and foot along with the 

kinetics of the external KAM and knee power will be 

calculated and compared to physiotherapist ratings 

of the same movements. The level of agreement for 

intra-rater and inter-rater reliability, along with the 

level of agreement between the two methods will be 

determined. 

Method 

The present study was conducted in the gait 

laboratory at Aalborg University, Denmark. Data 

were collected for stair descent and a single leg 

squat task. Both tasks were performed within the 

same test session. 

Participants 

Three males participated as the patient group and 

two females and 10 males participated as the control 

group. Anthropometric data, along with Knee injury 

and Osteoarthritis Outcome Score (KOOS) were 

collected for each subject (Table 1). The subjects for 

the patient group were recruited in collaboration 

with Aalborg University Hospital. All patients who 

underwent arthroscopy after an ACL injury or a 

meniscal tear within 8 weeks prior to testing were 

contacted and asked if willing to participate. The 

subjects for the patient group were excluded if they 

had surgery in both knees, had severe pain in the 

lower extremities besides from the operated knee or 

were not able to walk on stairs due to pain or joint 

stiffness. The subjects for the control group were 

excluded if they had undergone knee surgery, had OA 

identified in the lower extremities by a MD or if they 
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had severe pain in the lower extremities. Prior to 

testing, all subjects signed a written consent in 

accordance to the ethical guidelines of the 

institution. 

 

               Table 1: Anthropometric data for patient group and control group. 

 Patient group (n=3) Control group (n=12) 

Age 47    (± 24)     years 38    (± 19)     years 

Height 185  (± 1)       cm 177  (± 8)       cm 

Weight 96    (± 14)     kg 77    (± 10)     kg 

KOOS Pain 51.9 (± 14.3) score 98.4 (± 3.8)   score 

KOOS Symptom 45.2 (± 10.9) score 94.9 (± 4.9)   score 

KOOS ADL 59.3 (± 16.1) score 99.8 (± 0.6)   score 

KOOS Sport/Rec 20.0 (± 18.0) score 97.9 (± 4.0)   score 

KOOS QOL 20.8 (± 3.6)   score 96.9 (± 7.3)   score 

Study protocol 

Data collection of each subject took place at the 

same test session and the subject performed both a 

stair descent task and single leg squat task. Before 

testing, a full body (excluding arms and head) marker 

set was applied to the subjects in accordance to 

Capozzo et al.4. For the upper body markers were 

placed on the 7th cervical vertebra, suprasternal 

notch, xiphoideus, 12th thoracic vertebrae, bilaterally 

on the acromion, anterior superior iliac spine, on the 

posterior superior iliac spine and on the iliac crest. 

For the lower body (including both legs) the markers 

were placed on the trochanter, the lateral femoral 

condyles, the medial femoral condyles, the lateral 

malleoli, the medial malleoli, calcaneus and first, 

second and fifth metatarsal heads. Further, clusters 

consisting of four markers were attached laterally to 

both thighs and both lower legs. After applying 

markers, a static reference trial was collected, 

whereupon the trochanter markers were removed as 

those were placed on clothes and therefore 

considered unreliable during the dynamic trials.  

Stair descent 

The stair descent task was performed on a custom 

build staircase consisting of five steps. The first three 

steps had a width of 1000 mm, a depth of 250 mm 

and a step height of 180 mm. For the last two steps 

force platforms were integrated into the staircase.  

The force platforms were located in the centre of the 

last two steps leaving the same step height but a 

modified depth of 230 mm. Approximately 2 m of 

track on a plane surface followed the staircase 

(Figure 1). 

 

            Figure 1: The staircase used in the present study. 

Prior to collecting data for the stair descent trials the 

subjects had time for familiarization to the stairs. 
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When the subjects felt comfortable walking on the 

stairs, the pace of the subjects were set by the use of 

a metronome. The subjects were asked to follow the 

metronome which was adjusted if necessary. After 

familiarization five successful trials were collected for 

both start on the right and left leg. The subjects were 

asked to walk down the stairs barefooted, with one 

leg at each step and to follow the pace of the 

metronome. A trial was discarded if the subjects had 

double touchdown on a single step, if the pace 

deviated distinctively from the metronome or if the 

data was otherwise unacceptable. 2D video cameras 

were placed to capture the frontal and sagittal view 

of the subjects at a distance of approximately 2 m at 

a height of 50 cm. 

Single leg squat 

Subsequent to the stair descent task, a single leg 

squat task was performed on a custom made box 

with the surface 464 x 508 mm and step height of 140 

mm. (Figure 2). 

 

        Figure 2: The single leg squat task. 

The subjects were asked to do a single leg squat from 

the box with the non-weight bearing leg reaching for 

the surface in front of the box. Before data collection 

the subjects had familiarization trials until 

comfortable with the movement. The single leg squat 

was performed barefooted, with the arms crossed in 

front of the chest and with the instructions to do the 

movement slow and controlled all the way through. 

The heel should touch the ground, without 

transferring weight to the foot. After familiarization 

five successful trials on the left and right leg were 

collected. Trials were discarded if the heel did not 

touch the ground, if balance was lost, if the arms 

were not crossed in front of the chest or if the data 

was otherwise unacceptable. 

2D video cameras were placed at a distance of 

approximately 1m and at a height of 50 cm. 

Data acquisition  

Motion capture data were collected using a setup 

consisting of eight cameras (Qualisys AB, 

Gothenburg, Sweden). All cameras were of the Oqus 

300 series and had a sample rate of 250 Hz. 

GoPro Hero 4 video cameras (GoPro A/S, California, 

USA) were used to record the 2D videos to be rated 

by the physiotherapists. The video cameras recorded 

with 60 Hz and were located in respect to capturing 

the coronal and sagittal plane of the subject when 

descending stairs and performing single leg squat. 

Ground Reaction Forces (GRF) were obtained using 

three AMTI force platforms (Advanced Mechanical 

Technology Inc., Watertown, USA). The force 

platforms were an OR6-5-2000 model and two OR6-

7-1000. All GRF data were collected at a sample rate 

of 1000 Hz with a gain of 2000 and an analog low-

pass filter at 1050 Hz. 

Data processing 

The kinematic and kinetic data collected were 

processed using C-motion Visual 3D modelling 

software (Visual 3D, version 5.02.26, C-motion Inc., 

Germantown, Maryland, USA). A 15 Hz digital low-

pass filter was applied to both kinematic and force 

data and start and end of the movement was 

defined. For the stair descent trials start and end 

were defined as above/below 20 N in vertical 

direction for the platforms on the second last and last 

step on the stairs. For the single leg squat, start was 
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first frame when all weight was transferred to one leg 

and end was last frame with weight on one leg. 

However, this was visually determined. Trunk, pelvis, 

knee and foot angles, knee power and knee moments 

were calculated and exported as ASCII files for 

further processing in MATLAB (v. R2015b, 

MathWorks, Inc, Nattick, MA, United States). Using 

MATLAB peak angles, RoM, peak joint power, power 

integral, peak moment, moment impulse and 

moment impulse per second were calculated for 

each of the last two steps on the stairs and for the 

single leg squat. Further, fast Fourier transform 

waveform analyses were applied for the trunk 

abduction/adduction, pelvis tilt, knee varus/valgus 

and foot pronation/supination movements. 

 

 

Table 2: The rating form used for visual ratings. 

 

Visual rating 

To rate the subjects based on the 2D videos, three 

physiotherapists with a mean of 7 years of 

experience (± 5) participated as raters in the study. 

The subjects of the patient group were evaluated on 

the leg that underwent surgery, whereas the 

subjects of the control group were randomly 

assigned to left or right leg. The physiotherapists 

rated the videos without any supervision, but with 

the instructions that they should use the rating form 

proposed by Whatman et al.44 (Table 2), could 

watch the videos as many times as necessary, were 

not allowed to alter the speed of the videos or 

pause and were not allowed to use any video 

software to evaluate angles, etc.  The rating 

consisted of segmental rating and an overall rating. 

Both rating methods were noted as either normal or 

abnormal movement. 

  

Segment Description Rating 1 Rating 2 Rating 3 Rating 4 Rating 5 

Trunk Moves out of neutral in 
frontal or transverse 
plane. 

[N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] 

Pelvis 1 Moves out of neutral in 
frontal or transverse 
plane. 

[N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] 

Pelvis 2 Moves away from the 
midline. 

[N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] 

Knee Patella moves out of line 
with 2nd toe. 

[N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] 

Foot Moves into excessive 
pronation. 

[N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] 

Oscillations Observable oscillation 
(movement to and from 
neutral). 

[N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] [N] [Y; 1, 2, 3] 

 

Overall 
movement 
quality 

Acceptable movement 
pattern. 

0 0 0 0 0 

Minor movement 
dysfunction. 

1 1 1 1 1 

Moderate movement 
dysfunction. 

2 2 2 2 2 

Marked movement 
dysfunction. 

3 3 3 3 3 
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Evaluating ratings and measurements 

The physiotherapists rated five videos for each of the 

three tasks per subject; stair descent starting on the 

left leg, stair descent starting on the right leg and the 

single leg squat. In order to get an overall evaluation 

of the three tasks per subject, the ratings of the five 

trials were merged into one. This was done by 

defining the category with the most ratings (at least 

3/5) as the overall rating. 

For intra-rater reliability, two of the three 

physiotherapists rated seven randomly chosen 

subjects twice with approximately one week 

between the ratings. The overall evaluation of both 

segmental and overall movement ratings were 

compared for the two rating sessions. For inter-rater 

reliability between the three physiotherapists, the 

overall evaluation of both segmental and overall 

movement ratings where compared for 15 subjects. 

Inter-rater reliability was evaluated between all of 

the three raters and additionally compared pairwise. 

To compare the visual ratings of the physiotherapists 

to the 3D motion capture measurements, the overall 

evaluations of the physiotherapists were merged 

once again. The category rated by two or more 

physiotherapists were chosen as the category 

representing the rating of the physiotherapists. 

These ratings where compared to the 3D motion 

capture measurements at second last and last step 

on the staircase and for the single leg squat (Table 3). 

Table 3: Comparison between visual rating and 3D motion capture parameters 

 

  

Segment Visual rating description 3D motion capture measurements 

Trunk  Moves out of neutral in frontal or transverse 
plane. 

Trunk abduction peak. 
Trunk abduction RoM. 

Pelvis  Moves out of neutral in frontal or transverse 
plane. 

Pelvis tilt peak. 
Pelvis tilt RoM. 

Pelvis 2  Moves away from the midline. Pelvis lateral displacement RoM 

Knee Patella moves out of line with 2nd toe. Knee varus/valgus peak. 
Knee varus/valgus RoM. 

Foot Moves into excessive pronation. Foot pronation (opposite) peak. 
Foot pronation (opposite) RoM. 

Oscillation Observable oscillation (movement to and from 
neutral). 

Trunk mean frequency. 
Pelvis mean frequency. 
Knee mean frequency. 
Foot mean frequency. 

Overall rating Acceptable movement pattern. 
Minor movement dysfunction. 
Moderate movement dysfunction. 
Marked movement dysfunction. 

KAM peak. 
KAM impulse. 
KAM impulse per second. 
Knee power peak. 
Knee power integral. 
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Statistical analysis 

To compare the intra-rater and inter-rater reliability 

the first order agreement (AC1) was calculated in 

accordance to Blood & Spratt2 who presented four 

equations (Equation 1-4) to calculate AC1: 

𝜋𝑞 =
1

𝑛
∑

𝑟𝑖𝑞

𝑟

𝑛

𝑖=1

                                          (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1) 

where: 

- 𝜋𝑞  is the probability that a rater classifies an 

object into category q. 

- 𝑛 is the number of objects rated in total. 

- 𝑖 goes from 1 to n. 

- 𝑟𝑖𝑞 is the number of raters to classify the i’th 

object into the q’th category. 

- 𝑟 is the total number of raters. 

𝑝𝑒𝛾 =
1

𝑄 − 1
∑ 𝜋𝑞(1 − 𝜋𝑞)

𝑄

𝑞=1

             (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2) 

where: 

- 𝑝𝑒𝛾 is the the chance-agreement probability. 

- 𝑄 is the number of categories in the rating 

form. 

𝑝𝑎 =
1

𝑛
∑ {∑

𝑟𝑖𝑞(𝑟𝑖𝑞 − 1)

𝑟(𝑟 − 1)

𝑄

𝑞=1

}

𝑛

𝑖=1

             (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3) 

where: 

- 𝑝𝑎 is the overall agreement probability. 

𝐴𝐶1 =  
𝑝𝑎 − 𝑝𝑒𝛾

1 − 𝑝𝑒𝛾
                                     (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4) 

Thereby, the calculation of the AC1 was corrected for 

the chance that the physiotherapists would rate the 

same just because of the only two outcome 

possibilities. Therefore, the AC1 also range from -1 to 

1, where 1 is complete agreement that cannot be 

explained by change, -1 is complete disagreement 

that cannot be explained by change and 0 is 

incomplete agreement/disagreement which is likely 

to be caused by chance. The scale used to define the 

strength of the agreements are in accordance to the 

one used by Whatman et al.44: 

-       0 ≤ 0.2 = slight 

- >0.2 ≤ 0.4 = fair 

- >0.4 ≤ 0.6 = moderate 

- >0.6 ≤ 0.8 = good 

- >0.8 ≤ 1.0 = almost perfect 

In regards to comparing the 3D motion capture data 

and the physiotherapist ratings the same statistical 

analysis was used. The 3D motion capture data were 

converted from continuous data to dichotomous 

data in order to compare the ratings of the 

physiotherapists. This conversion was performed by 

establishing a threshold between normal and 

abnormal movements. The threshold was set as two 

times the standard deviation of the mean of the 

control group. Thereby, everything outside the 

threshold were compared to the abnormal 

movement ratings of the physiotherapists and 

everything inside the threshold were compared to 

the normal movement ratings of the 

physiotherapists. 

For intra-rater and inter-rater reliability of the 

physiotherapist ratings, the AC1 was calculated for 

both the segmental and overall rating. Also, a mean 

and range were calculated of the tasks performed; 

stair descent starting on the left leg, stair descent 

starting on the right leg and single leg squat. Further, 

a combined mean and range for the three tasks were 

calculated. For the agreement between the visual 

rating and the 3D motion capture measurements, the 

AC1 was calculated for each parameter evaluated. A 

mean and range for agreements at both second last 

and last step on the stairs, along with agreements for 

the single leg squat were calculated. Again, a 

combined mean and range of the three were 

calculated. 
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Results 

Regarding the physiotherapists rating of oscillation, 

the data collection was incomplete and could 

therefore not be included in the study. 

Of the three raters, Rater 1 and Rater 3 did the rating 

twice on half the subjects (Table 4). Except for Rater 

1’s rating of the pelvis segment during the single leg 

squat, all AC1 values range within good to almost 

perfect. All mean ratings for the two raters were 

classified as almost perfect, but the range differs 

between the two within the single leg squat, and 

hence the combined range also differs (Rater 1 = 0.65 

and Rater 2 = 0.26). 

 

 Table 4: Intra-rater agreement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The overall inter-rater agreement and the pairwise 

inter-rater agreement between the three raters 

showed good to almost perfect agreements for the 

trunk segment in the two stair descent trials and 

slight to fair agreements for the rests (Table 5). This 

resulted in fair mean agreements for the three tasks 

in a fair combined mean (AC1 = 0.29) with a large 

range (0.96). 

The pairwise comparison showed a combined mean 

agreement between Rater 1 and Rater 2 is 0.09 with 

(0.23-0.35) with large ranges (0.67-0.79). This also 

resulted a range of 1.49, between Rater 1 and Rater 

3 the mean was 0.55 with a range of 0.69 and 

between Rater 2 and Rater 3 the mean was 0.27 with 

a range of 0.92. 

 

 

 

  

Intra-rater agreement AC1 
 Rater 1 

AC1 
Rater 3 

Stair left 
Trunk 
Pelvis 
Pelvis 2 
Knee 
Foot (opposite) 
Overall 

Mean 
Range 

 
0.78 
1.00 
1.00 
1.00 
1.00 
1.00 
0.96 
0.22 

 
0.78 
0.74 
1.00 
1.00 
1.00 
1.00 
0.92 
0.26 

Stair right 
Trunk 
Pelvis 
Pelvis 2 
Knee 
Foot (opposite) 
Overall 

Mean 
Range 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 

 
1.00 
0.74 
1.00 
1.00 
1.00 
1.00 
0.96 
0.26 

Single leg squat 
Trunk 
Pelvis 
Pelvis 2 
Knee 
Foot 
Overall 

Mean 
Range 

 
0.74 
0.35 
1.00 
0.74 
0.84 
1.00 
0.78 
0.65 

 
0.74 
1.00 
1.00 
1.00 
1.00 
1.00 
0.96 
0.26 

Combined Mean 
Combined Range 

0.91 
0.65 

0.94 
0.26 



Page 9 of 16 
 

                Table 5: Inter-rater agreement.  

The comparison of the raters to the 3D motion 

capture measurements showed a combined mean 

AC1 of 0.5 with a range of 0.8 (Table 6). For second 

last step on the stairs, good to almost perfect AC1 

values were shown for trunk abduction peak, trunk 

abduction RoM, pelvis lateral displacement RoM, 

knee varus/valgus RoM, foot pronation peak and 

foot pronation RoM. For the last step on the stairs 

good to almost perfect AC1 values were shown for 

trunk abduction peak, trunk abduction RoM, pelvis 

lateral displacement RoM, foot pronation peak and 

foot pronation RoM. For the single leg squat pelvis 

lateral displacement RoM, foot pronation peak and 

foot pronation RoM showed good to almost perfect 

agreements. 

Comparing each rater to the 3D motion capture 

measurement showed a mean (range), for the 

second last step on the stairs of 0.91 (0.24) for Rater 

1, -0.09 (1.29) for Rater 2 and 0.42 (0.88) for Rater 3. 

For the last step on the stairs the mean (range) were 

0.84 (0.39) for Rater 1, -0.06 (1.25) for Rater 2 and 

0.40 (0.81) for Rater 3. For the single leg squat the 

mean (range) were 0.40 (0.72) for Rater 1, 0.01 (1.46) 

for Rater 2 and 0.33 (0.48) for Rater 3. The combined 

mean (range) were 0.72 (0.88) for Rater 1, -0.04 

(1.49) for Rater 2 and 0.38 (0.88) for Rater 3. 

Inter-rater agreement 
Physiotherapists 

AC1 
Overall 

AC1 
Rater 1 vs Rater 2 

AC1 
Rater 1 vs Rater 3 

AC1 
Rater 2 vs Rater 3 

Stair left 
Trunk 
Pelvis 

Pelvis 2 
Knee 

Foot (opposite) 
Overall 

Mean 
Range 

 
0.82 
0.13 
0.27 
0.14 
0.34 
0.03 
0.29 
0.79 

 
0.72 

-0.28 
-0.03 
0.12 
0.48 

-0.44 
0.10 
1.16 

 
0.92 
0.34 
0.76 
0.41 
0.48 
0.34 
0.54 
0.58 

 
0.80 
0.49 

-0.03 
-0.06 
0.04 
0.38 
0.27 
0.87 

Stair right 
Trunk 
Pelvis 

Pelvis 2 
Knee 

Foot (opposite) 
Overall 

Mean 
Range 

 
0.78 
0.25 
0.27 

0.2 
0.54 
0.05 
0.35 
0.73 

 
0.76 
0.04 

-0.03 
-0.03 
0.61 

-0.44 
0.15 
1.20 

 
0.85 
0.34 
0.76 
0.41 
0.72 
0.48 
0.59 
0.50 

 
0.72 
0.47 

-0.03 
0.33 
0.27 
0.23 
0.33 
0.75 

Single leg squat 
Trunk 
Pelvis 

Pelvis 2 
Knee 
Foot 

Overall 
Mean 
Range 

 
0.43 

0.2 
-0.14 
0.13 
0.52 
0.21 
0.23 
0.67 

 
0.28 

0.2 
-0.73 
-0.28 
0.54 
0.08 
0.01 
1.27 

 
0.56 
0.23 
0.61 
0.73 
0.41 
0.49 
0.51 
0.50 

 
0.47 
0.23 

-0.12 
-0.03 
0.66 
0.07 
0.21 
0.78 

Combined Mean 
Combined Range 

0.29 
0.96 

0.09 
1.49 

0.55 
0.69 

0.27 
0.92 
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                  Table 6: Agreements for comparison of visual ratings and 3D motion capture measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inter-rater agreement 
Physiotherapists vs 3D MOCAP 

AC1 
Overall 

AC1 
Rater 1 

AC1 
Rater 2 

AC1 
Rater 3 

Second last step 
Trunk abduction peak 
Trunk abduction RoM 
Pelvis tilt peak 
Pelvis tilt RoM 
Pelvis lateral displacement RoM 
Knee varus/valgus peak 
Knee varus/valgus RoM 
Foot pronation (opposite) peak 
Foot pronation (opposite) RoM 
KAM peak 
KAM impulse 
KAM impulse per second 
Knee power peak 
Knee power integral 

Mean 
Range 

 
0.93 
0.85 
0.12 
0.27 
0.85 
0.54 
0.65 
0.76 
0.76 
0.41 
0.41 
0.41 
0.41 
0.48 
0.56 
0.80 

 
1.00 
0.93 
0.85 
0.93 
1.00 
0.93 
1.00 
0.76 
0.76 
0.93 
0.93 
0.93 
0.93 
0.85 
0.91 
0.24 

 
0.76 
0.65 

-0.37 
-0.20 
-0.20 
-0.12 
-0.20 
0.54 
0.54 

-0.54 
-0.54 
-0.54 
-0.54 
-0.44 
-0.09 
1.29 

 
0.85 
0.76 

-0.03 
0.12 
0.76 
0.48 
0.41 
0.54 
0.54 
0.27 
0.27 
0.27 
0.27 
0.34 
0.42 
0.88 

Last step 
Trunk abduction peak 
Trunk abduction RoM 
Pelvis tilt peak 
Pelvis tilt RoM 
Pelvis lateral displacement RoM 
Knee varus/valgus peak 
Knee varus/valgus RoM 
Foot pronation (opposite) peak 
Foot pronation (opposite) RoM 
KAM peak 
KAM impulse 
KAM impulse per second 
Knee power peak 
Knee power integral 

Mean 
Range 

 
0.85 
0.85 
0.41 
0.41 
0.65 
0.41 
0.54 
0.85 
0.85 
0.27 
0.20 
0.20 
0.27 
0.20 
0.50 
0.65 

 
0.93 
0.93 
0.93 
0.93 
0.85 
0.85 
0.93 
0.76 
0.54 
0.93 
0.76 
0.76 
0.93 
0.76 
0.84 
0.39 

 
0.65 
0.65 

-0.20 
-0.20 
-0.12 
0.13 

-0.20 
0.54 
0.54 

-0.54 
-0.59 
-0.59 
-0.54 
-0.33 
-0.06 
1.25 

 
0.85 
0.85 
0.12 
0.12 
0.72 
0.34 
0.48 
0.76 
0.76 
0.12 
0.04 
0.04 
0.12 
0.28 
0.40 
0.81 

Single leg squat 
Trunk abduction peak 
Trunk abduction RoM 
Pelvis tilt peak 
Pelvis tilt RoM 
Pelvis lateral displacement RoM 
Knee varus/valgus peak 
Knee varus/valgus RoM 
Foot pronation (opposite) peak 
Foot pronation (opposite) RoM 
KAM peak 
KAM impulse 
KAM impulse per second 
Knee power peak 
Knee power integral 

Mean 
Range 

 
0.41 
0.41 
0.34 
0.34 
0.61 
0.20 
0.12 
0.76 
0.83 
0.41 
0.41 
0.41 
0.54 
0.41 
0.44 
0.70 

 
0.76 
0.76 
0.54 
0.55 
0.85 
0.12 
0.27 
0.27 
0.34 
0.12 
0.34 
0.34 
0.27 
0.12 
0.40 
0.72 

 
-0.03 
-0.03 
-0.12 
-0.12 
-0.73 
-0.28 
-0.37 
0.65 
0.72 

-0.03 
0.20 
0.20 
0.12 

-0.03 
0.01 
1.46 

 
0.27 
0.27 
0.20 
0.20 
0.61 
0.12 
0.27 
0.54 
0.61 
0.27 
0.27 
0.27 
0.41 
0.27 
0.33 
0.48 

Combined Mean 
Combined Range 

0.50 
0.80 

0.72 
0.88 

-0.04 
1.49 

0.38 
0.88 
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Discussion 

The aim of this study was to validate a rating form 

proposed by Whatman et al.44. 

Three physiotherapists rated 2D videos of 15 subjects 

performing stair descent and single leg squat. The 

subjects’ movement were rated as either normal or 

abnormal based on a segmental and overall rating. 

Both intra-rater and inter-rater reliability was 

calculated, along with the agreement between visual 

rating and 3D motion capture measurements. 

Intra-rater and inter-rater reliability 

The intra-rater reliability showed good to almost 

perfect agreements except for Rater 1’s pelvis rating 

in the single leg squat (AC1 = 0.35). The comparison 

of the overall rating to the segmental rating showed 

that the overall rating was fully reproduced for both 

stair descent and single leg squat (AC1 = 1), whereas 

small differences (besides Rater 1’s pelvis rating at 

single leg squat) occurred in the segmental rating 

(AC1 = 0.74-1). This suggests that the raters are able 

to reproduce the same results, when evaluating the 

same movement, especially when evaluating the 

overall movement. Comparing these results to the 

findings of Whatman et al.44 the agreement in the 

present study is similar or higher, despite present 

study evaluated stair descent and single leg squat, 

whereas Whatman et al.44 investigated small knee 

bend, single leg small knee bend, lunge and hop 

lunge. Further, comparing to Chmielewski et al.6 and 

Ekegren et al.11, who investigated single leg squat and 

drop jump, respectively, the results of the present 

study show higher intra-rater reliability. 

The inter-rater reliability between the three raters 

showed mixed results. The best agreements were 

found for the trunk segment during stair descent 

(AC1 = 0.78-0.82), whereas a slight disagreement 

were found for the lateral displacement of the pelvis 

during the single leg squat (-0.14). In general, the 

highest agreements were found with the segmental 

rating compared to the overall rating. These results 

suggest that the discrepancy between the raters are 

quite large. This can also be seen by the pairwise 

comparison of the raters, where the best agreement 

was found between Rater 1 and Rater 3 (mean AC1 = 

0.55), suggesting that the ratings of Rater 2 varies the 

most compared to the others. 

Comparing these results to the findings of Whatman 

et al.44 a similar or higher agreement in the present 

study regarding trunk and foot ratings was shown, 

while the remaining segmental ratings and the 

overall rating were lower. In general, the inter-rater 

agreements from the present study was lower than 

what was found by Ekegren et al.11 and similar to the 

findings of Chmielewski et al.6. 

Only a few raters were included in the present study, 

in regards to both intra-rater (two) and inter-rater 

(three) reliability. With respect to study design, e.g., 

Chmielewski et al.6 and Ekegren et al.11 this is 

comparable, as they both used three raters for intra-

rater and inter-rater reliability. However, these 

studies along with the present study lacks power in 

this regard, when compared to Whatman et al.44, 

who used 44 physiotherapists as raters grouped in 

three different categories of experience. 

Nonetheless, Whatman et al.44 discusses the 

limitations of rating only a homogenous healthy 

group of subjects. The present study compared a 

more heterogeneous group as the healthy control 

group varied substantially in regards to age, height 

and weight. Further, arthroscopy patients (ACL 

reconstruction or menisectomy) were included, 

which might have resulted in a broader range of 

movements, as knee flexion moment, joint flexibility, 

tibial internal rotation and knee joint kinematics have 

been found to change following surgery16,17,29,38. 

Comparing ratings and measurements 

The results from comparing the visual ratings to the 

3D motion capture measurements across the three 

points of interest (second last step and last step on 

the stairs, along with the single leg squat) showed a 

combined mean agreement of 0.50 with a range of 

0.80. This implies that the raters agree moderately 

with the 3D motion capture system, however with a 
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substantial range in agreements depending on the 

parameter evaluated. 

For the second last step on the stairs, a combined 

mean agreement of 0.56 with a range of 0.80 was 

found. Good and almost perfect agreements were 

found for the trunk abduction peak and RoM, the 

pelvis lateral displacement RoM, the knee 

varus/valgus RoM and for both foot pronation peak 

and RoM. It should be noted that the agreement of 

the pelvis tilt peak was slight (AC1 = 0.12), suggesting 

that agreement depend on the parameter evaluated. 

For the last step on the stairs, a moderate mean 

agreement was found (AC1 = 0.50), but with a large 

range (0.65). Good and almost perfect agreements 

were found for the trunk abducktion peak and RoM, 

the pelvis lateral displacement RoM and for the foot 

pronation peak and RoM. As for the second last step, 

large differences occurred depending on the 

parameter evaluated. For both KAM impulse, KAM 

impulse per second and knee power integral slight 

agreements were found (AC1 = 0.2). Thereby, the 

agreements for the second last and last step have the 

same tendencies in terms of parameters evaluated. 

In regards to the single leg squat, a moderate mean 

agreement was found (AC1 = 0.44; range 0.70). Good 

and almost perfect agreements were found for the 

pelvis lateral displacement and the foot pronation 

peak and RoM. The rest of the measurements ranges 

from slight to moderate (AC1 = 0.12-0.54). Thereby, 

less measurements had an agreement of good or 

almost perfect, compared to the second last and last 

step on the stairs, but the mean agreement was 

similar. 

Further, the results only show slight to moderate 

agreement when comparing the knee kinetics with 

the overall visual rating. This implies that the overall 

rating does not capture the full loading of the knee 

joint in neither stair descent or single leg squat. 

Results from this study implies that the best 

agreements with 3D motion capture measurements 

are found for the trunk abduction, the pelvis lateral 

displacement, the knee varus/valgus and the foot 

pronation. Abnormal movements of these segments 

have been found to increase KAM1,19,20,27,30,32,33,36,40 

and therefore a correct visual rating of these can 

indirectly be used to evaluate KAM of a subject. 

Comparing each rater to the 3D motion capture 

measurements, shows that Rater 1 has an almost 

perfect mean agreement for the second last and last 

step for the stairs (AC1 = 0.91 and 0.84), with smaller 

ranges (0.24 and 0.39). This suggests, that Rater 1 

agrees with the 3D motion capture system for the 

stair descent trials. However, the mean agreement is 

not as good for the single leg squat (AC1 = 0.40; range 

= 0.72). In general, Rater 2 and Rater 3 agrees less 

with the 3D motion capture measurements, resulting 

in a lower mean agreement and a larger range for 

both second last step, last step during stair descent 

and the single leg squat. 

In the present study a method to compare visual 

ratings to 3D motion capture measurements has 

been presented. To the knowledge of the author, 

only a few other studies investigated similar issues. A 

study by Krosshaug et al.26 compared visual 

examination to 3D motion capture measurements of 

running and side step and found slight accuracy for 

the visual rating with both random and systematic 

errors. Further, Harris-Hayes et al.18, Stensrud et al.39 

and Whatman et al.43 all compared visual 

examination to 2D video analysis in different 

movements (single leg squat, drop jump, single leg 

drop jump, small knee bend and single leg small knee 

bend). Analysing 2D videos consisted in all three 

cases of using different commercial video drawing 

software. Using the 2D video analysis for comparison, 

all three studies found that visual rating was a 

suitable method for screening purposes. However, a 

comprehensive study by Eastlack et al.10, who 

investigated the rater agreement for a video based 

approach including 54 raters found an inter-rater 

reliability of low to moderate.   

Limitations 

The variability of agreements between the two 

methods might be influenced by the equipment used 

and the difference occurring from rating videos 

compared to patients in a clinic. For example, the 3D 
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motion capture technology is a valuable tool to 

evaluate movement, but is not without errors39. 

Therefore, the classification of subject parameters 

could be wrong if close to the threshold values used 

when converting the data to dichotomous scaling. 

Further, unstructured feedback was collected from 

the raters in regards to the differences when rating 

videos. In general, the physiotherapists are limited to 

the two angles captured on video, where they are 

more moveable during clinical practice. This, of 

course, influenced the rating. For example, when 

during the single leg squat on one leg, the sagittal 

plane camera would capture the lateral side when 

the subject was measured on the right leg, but the 

medial side when the subject was measured on the 

left leg, hence giving different conditions between 

the subjects. Also the pronation angle of the feet can 

be difficult to determine during stair descent due to 

distance and size of the object. Especially one rater 

draw attention to this, as the monitor he used when 

rating the videos was small. This was also an issue 

when rating the pelvis, as the subjects was wearing 

black shorts, making it difficult to examine the 

rotation of the segment. Further, the visual rating 

form combines trunk abduction and trunk rotation, 

along with pelvis tilt and pelvis rotation. Thereby, 

when comparing to the 3D motion capture 

measurements that only evaluated trunk abduction 

and pelvis tilt, there might be a discrepancy. 

Another issue is the part of movement rated during 

the visual examinations. In example, the stair descent 

trial consists of five steps and therefore it’s likely that 

the raters focused at different steps. A solution to 

this, could have been to specify that the rating should 

occur on the last two steps, as the 3D motion capture 

measurements are. However, this was not chosen as 

the opportunity to evaluate the whole movement 

was thought to represent clinical practice better. In 

regards to this, it should also be noted that the raters 

did not only evaluate segments and overall rating in 

terms of the peak and RoM movement, but also by 

the variability/oscillation of the movement, 

however, without being able to note it in the form. 

This feedback suggests that the original plan of 

comparing the amount of oscillation to the mean 

frequency of the segment is missing. 

It also has to be noted that using the video rating, the 

physiotherapists were not completely blinded to who 

underwent surgery as the scars from this were 

identifiable when the subjects were close to the 

cameras. Also it should be noted, that not all raters 

had experience with this structured way of analysing 

movements and no training sessions in regards to the 

rating was performed. Further, all three of the raters 

did the ratings at home and in their spare time, 

making monitoring of each rater difficult. Therefore, 

a document with instructions was handed out to all 

raters, in order to standardize the rating, but 

differences is still likely to have occurred. 

The 3D motion capture measurements were split in 

normal and abnormal movement based on the 

control group. The control group consisted of 12 

subjects on which normal data was assumed, but 

most likely this is too few to represent the normal 

movements occurring during stair descent and single 

leg squat. Therefore, it would strengthen the present 

study, if normal data was found and tested by others 

before application. However, to the knowledge of 

the author, this data does not exist for the 

parameters investigated during stair descent and 

single leg squat. 

The current rating method only evaluates the 

agreement using a dichotomous rating scale. 

Whatman et al.44 found better agreement using this 

rating scale compared to an ordinal scale ranging 

from 0 to 3. However, the ordinal scale could still be 

useful as the more detailed rating could be of 

interest. Using the dichotomous rating scale and 

merging the ratings from five trials might not give a 

fair representation of the subject’s ability to perform 

the movement. In example, if the subject does three 

acceptable movements, but collapses severely 

during the other two, using the current method the 

subject would be rated as able to perform the 

movement. However, in clinical practice this might 

not be like that. But by including a graduation of 

severity, the overall rating of the movement might be 
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shifted from acceptable to moderate dysfunction of 

the movement. 

Conclusion 

The findings of the present study showed that, using 

the rating form proposed by Whatman et al.44, good 

to almost perfect intra-rater agreements can be 

found. Further, agreements were rather consistent 

across segments. 

In regards to inter-rater reliability, the results were 

inconsistent. In general, trunk abduction, pelvis 

lateral displacement and foot pronation ratings were 

the highest both for stair descent and single leg 

squat, and might be useful measurements in clinical 

practice. Also, knee varus/valgus might be useful, but 

only when evaluating stair descent. Most ratings, 

however, differed between the raters in the present 

study and therefore low inter-rater agreements were 

found. 

The comparison of 3D motion capture 

measurements and visual ratings showed 

discrepancies between the two methods. 

Agreements were measurement/segment 

dependent, but in general the visual ratings are 

varying from the 3D motion capture measurements, 

suggesting that visual ratings are interpreted with 

caution. Also, it is noted that differences in 

agreement occurred between the individual rater 

and the 3D motion capture measurement. Especially 

Rater 1 showed better agreement with the 3D 

motion capture measurements, compared to Rater 2 

and Rater 3. 

The link between the overall visual rating and the 

kinetic measurements only rated between slight and 

moderate. Therefore, an overall movement rating 

approach are not suggested. Instead, indirect KAM 

influences from segmental movement ratings are 

preferable. 
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