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Quantitative Assessment of Knee Progression Angle During
Gait in Children With Cerebral Palsy

Jon R. Davids, MD, Nina Q. Cung, BS, Robin Pomeroy, MS, Brooke Schultz, MS,
Leslie Torburn, DPT, Vedant A. Kulkarni, MD, Sean Brown, MA,

and Anita M. Bagley, PhD, MPH

Background: Abnormal hip rotation is a common deviation in
children with cerebral palsy (CP). Clinicians typically assess hip
rotation during gait by observing the direction that the patella
points relative to the path of walking, which is referred to as the
knee progression angle (KPA). Two kinematic methods for cal-
culating the KPA are compared with each other. Video-based
qualitative assessment of KPA is compared with the quantitative
methods to determine reliability and validity.
Methods: The KPA was calculated by both direct and indirect
methods for 32 typically developing (TD) children and a con-
venience cohort of 43 children with hemiplegic type CP. An
additional convenience cohort of 26 children with hemiplegic
type CP was selected for qualitative assessment of KPA, per-
formed by 3 experienced clinicians, using 3 categories (internal,
> 10 degrees; neutral, −10 to 10 degrees; and external, >−10
degrees).
Results: Root mean square (RMS) analysis comparing the direct
and indirect KPAs was 1.14+0.43 degrees for TD children, and
1.75+1.54 degrees for the affected side of children with CP. The
difference in RMS among the 2 groups was statistically, but not
clinically, significant (P= 0.019). Intraclass correlation coefficient
revealed excellent agreement between the direct and indirect
methods of KPA for TD and CP children (0.996 and 0.992, re-
spectively; P< 0.001). For the qualitative assessment of KPA there
was complete agreement among all examiners for 17 of 26 cases
(65%). Direct KPA matched for 49 of 78 observations (63%) and
indirect KPA matched for 52 of 78 observations (67%).
Conclusions: The RMS analysis of direct and indirect methods
for KPA was statistically but not clinically significant, which
supports the use of either method based upon availability. Video-
based qualitative assessment of KPA showed moderate reliability

and validity. The differences between observed and calculated
KPA indicate the need for caution when relying on visual as-
sessments for clinical interpretation, and demonstrate the value
of adding KPA calculation to standard kinematic analysis.
Level of Evidence: Level II—diagnostic test.

Key Words: knee progression angle, gait, quantitative assess-
ment, cerebral palsy

(J Pediatr Orthop 2018;38:e219–e224)

Observational gait analysis (OGA) includes direct vis-
ualization of gait deviations in the coronal and sagittal

planes. Deviations in the transverse plane are inferred from
deviations observed in the other planes. Abnormal hip ro-
tation is a common deviation in children with neuro-
muscular disorders such as cerebral palsy (CP).1–11 Children
with CP, who have increased femoral anteversion on the
clinical examination, and exhibit increased internal hip ro-
tation during gait, are candidates for femoral derotation
osteotomy.2 In these children, surgical correction of the
skeletal deformity (ie, the femoral anteversion) will result in
resolution of the dynamic gait deviation (ie, the increased
hip internal rotation).4,5,7,11–13 Clinicians typically assess the
direction and magnitude of hip rotation during gait by ob-
serving the direction that the patella points relative to the
path of walking, which is referred to as the knee progression
angle (KPA).2,6,8,14 The KPA can be defined as the position
of the knee flexion/extension axis relative to the gait line of
progression. The observed KPA is influenced by both pelvic
and hip rotation deviations in the transverse plane (Fig. 1).

Despite widespread use and utility of assessing KPA
during OGA, relatively little has been done to determine
the accuracy of observational techniques.3,15–18 In addi-
tion, quantitative assessment of KPA is not part of the
routine kinematic calculations of commercially avail-
able gait analysis software packages. In the current study
we developed and compared 2 methods for calculating the
KPA: the directly calculated method (direct KPA) from
projection of the line defined by the knee joint center and
lateral knee marker relative to a global reference frame;
and the indirectly calculated method (indirect KPA), de-
fined as the sum of ipsilateral pelvic and hip transverse
plane kinematics. Calculation of the direct KPA required
development of site-specific software, while calculation of
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the indirect KPA utilized data routinely collected with
standard, commercially available kinematic software
packages. In addition, quantitative calculation of KPA
was transformed into qualitative categories and compared
with clinicians’ qualitative assessment of KPA via video-
based OGA, to determine the accuracy of the common
clinical technique. The goals of the current study were to
(1) establish the accuracy of the more easily available in-
direct method relative to the presumably more precise
direct method; and (2) determine the reliability and val-
idity of commonly used observational, qualitative tech-
niques (in daily clinical practice and when quantitative
gait analysis is not available) relative to the computer-
based quantitative techniques.

METHODS
The study design was a retrospective, cross-sectional,

cohort study of a diagnostic test, with consistently applied
reference standard and blinding, resulting in level II evi-
dence. The study was reviewed and approved by our in-
stitution’s research committee. The KPA was calculated
by both the direct and indirect methods for the right side
of 32 typically developing (TD) children (14 boys, 18 girls;
mean age, 10.4 ± 3.1 y) and the affected side of a con-
venience cohort of 43 children with hemiplegic type CP,
Gross Motor Function Classification System levels I and II
(26 right sides, 17 left sides; 21 boys, 22 girls; mean age,
10.7± 3.2 y).19 An additional convenience cohort of 26
children with hemiplegic type CP, Gross Motor Function
Classification System levels I and II (15 right sides, 11 left
sides; 15 boys, 11 girls; mean age, 10.6± 3.0 y) was selected

for qualitative assessment of KPA, which was performed
by 3 experienced clinicians (2 pediatric orthopaedic sur-
geons and 1 physical therapist). The qualitative assess-
ments were made from different gait trials that were col-
lected on the same day of testing as the gait trials used for
quantitative calculation of KPA. The difference in the
number of subjects utilized for distinct portions of the
study was based upon convenience. A larger number of
cases (n= 43) was used for the mathematical calculations of
KPA by direct and indirect methods, reflecting the cases
most readily available in our Motion Lab database and
the availability of technician time for running the data
through the appropriate software package. A smaller
number of cases (n= 26) was used for clinician visual,
qualitative assessment of KPA, in recognition of the limited
time available to the clinicians for performing these as-
sessments.

For the direct method, KPA (direct KPA) was cal-
culated from the projection of a line determined by the
lateral knee marker and the calculated knee joint center
(midpoint of medial and lateral knee markers in the static
pose) projected to the floor of the lab (xy). The position of
that line relative to the lab x-axis (medial/lateral) was
calculated. For validation purposes, a TD adult male
walked in the motion lab with his “patella” in a variety of
positions: internal, neutral, and external. The resulting
data output from site-specific software matched this po-
sitioning, providing satisfactory validation. In addition,
the subject walked diagonally in the lab instead of along
the walkway, which is aligned with the lab global x-axis.
As was predicted, both the pelvic rotation and the direct

FIGURE 1. Clinical examples of a variety of knee progression angles (KPA) in children with cerebral palsy (CP). A, Thirteen-year-old
female with right hemiplegic CP, showing an external KPA on the right side. Kinematic analysis revealed increased external rotation
of the pelvis. B, Fifteen-year-old male with asymmetric diplegic CP, showing a neutral KPA on the left side. Kinematic analysis
revealed normal pelvic and hip rotation. C, Eight-year-old male with left hemiplegic CP, showing a neutral KPA on the left side.
Kinematic analysis revealed increased external rotation of the pelvis and internal rotation of the hip. These offsetting deviations
resulted in a neutral KPA. D, Eleven-year-old female with right hemiplegic CP, showing an internal KPA. Kinematic analysis revealed
increased internal pelvic rotation. E, Seven-year-old female with right hemiplegic CP, showing an internal KPA. Kinematic analysis
revealed increased internal hip rotation.
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calculation of the knee progression angle were skewed.
Although the subject walked in a neutral rotation manner,
because those measures are calculated relative to the
global lab, the measured rotation profiles were not neutral.
It should be noted that we did not have a rigid bio-
mechanical model to set positioning of the knee to precise
degrees of rotation.

For the indirect method, KPA (indirect KPA) was
generated from the sum of the ipsilateral pelvis and hip
transverse plane rotations. For validation purposes, the
summation algorithm and resulting indirect KPAs were
double-checked for accuracy by a senior member of the
research staff.

Root mean square (RMS) analysis for the direct and
indirect KPA measures were calculated for the single
support subphase of stance for each subject, providing the
mean absolute differences between the 2 methods. Intra-
class correlation coefficients (ICC) model 3,1 and 95%
confidence intervals (95% CI) were calculated using SPSS
statistical package version 24 (SPSS Inc., Chicago, IL) for
the direct and indirect methods for all 43 children with
hemiplegic type CP and 32 TD children. The ICC values
were interpreted as follows: values <0.5 were poor, values
between 0.5 and 0.75 moderate, values between 0.75 and
0.9 were good, and values > 0.90 were excellent.20 Sta-
tistical significance of the ICC estimates were determined
by P< 0.05.

Initially, 3 experienced clinicians attempted to visu-
ally assess 26 subjects with hemiplegic CP by viewing
coronal plane walking videos and categorizing the KPA of
the stance limb during the single support subphase of
stance as extremely internal, internal, neutral, external, or

extremely external, using the guidelines found in the Ed-
inburgh Visual Gait Score (EVGS).18 As the subjects in
the videos did not have the proper peri-patellar skin
marking as described by the EVGS, accurately grading the
KPA in the 5 level scheme was not possible. By consensus
of the clinicians, the assessments of KPA were made in a 3
level scale (internal, > 10 degrees; neutral, between 10
degrees internal and 10 degrees external; and external,
> 10 degrees) for the subsequent analysis. Similarly, the
direct and indirect KPA values were grouped categorically
(external, >−10 degrees; neutral, −10 to 10 degrees; in-
ternal, > 10 degrees) to facilitate comparison with the
OGA scores of KPA. An intrarater reliability analysis was
performed to assess the degree of agreement between KPA
categories determined from the direct or indirect quanti-
tative method and the KPA ratings assigned by each of the
raters using the video-based qualitative assessment for the
26 subjects in the study. Unweighted kappa statistic was
computed for each rater-method pair. The κ values were
interpreted according to Altman21 with values <0.2 in-
dicating poor agreement, 0.21 to 0.40 indicating fair
agreement, 0.41 to 0.6 indicating moderate agreement,
0.61 to 0.8 indicating good agreement, and 0.81 to 1 in-
dicating very good agreement. Statistical significance of
the κ statistic was determined by P< 0.05.

RESULTS
Kinematic plots of KPA for the right side of TD

children and the affected side of children with hemiplegic
type CP, calculated by direct and indirect methods, are
shown in Figure 2. For the 32 TD children the mean direct
KPA was 1.6 degrees (range, −12.7 to 16.1 degrees); the

FIGURE 2. Kinematic plots of knee progression angle (KPA). Mean values, ±1 SD. A, Kinematic plot of directly calculated KPA (DC
KPA) for 32 typically developing (TD) children. B, Kinematic plot of indirectly calculated KPA (IC KPA) for 32 TD children. C,
Kinematic plot of DC KPA for 43 children with cerebral palsy (CP). D, Kinematic plot of IC KPA for 43 children with CP.
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mean indirect KPA was 1.5 degrees (range, −13.5 to 15.8
degrees). For the 43 children with CP the mean direct
KPA was −3.1 degrees (range, −52 to 32.8 degrees); the
mean indirect KPA was −2.5 degrees (range, −52.4 to 34
degrees).

Children with CP had a greater range of KPA than
the TD children. RMS analysis (mean± 1 SD) for the
right side of TD children was 1.14 ± 0.43 degrees, and
1.75± 1.54 degrees for the affected side of children with
CP. The difference in RMS among the 2 groups was sta-
tistically, but not clinically, significant (P= 0.019). Inter-
rater reliability analysis using ICC (3,1) showed excellent
agreement between the 2 methods for the 32 TD children
with ICC 0.996 (95% CI, 0.991-0.998), and for the 43
children with CP with ICC 0.992 (95% CI, 0.985-0.996).
ICCs for both groups were statistically significant
(P< 0.001).

Data evaluating the comparison between quantita-
tive and qualitative assessment of KPA in children with
CP are summarized in Table 1. There was complete
agreement among all 3 examiners for 17 of the 26 cases
(65%). There was agreement between 2 of 3 examiners for
9 additional cases (35%).

Direct KPA categories were the same as the rater-
determined categories for 49 of 78 observations (63%). For
the 8 subjects quantitatively determined to have external
KPA, qualitative assessment were correct for 19 of the 24
clinician assessments (79%). Qualitative assessment of
KPA for the 13 subjects quantitatively determined to have
neutral KPA were correct for 22 of the 39 clinician as-
sessments (56%). For the 5 subjects quantitatively de-
termined to have an internal KPA, qualitative assessments
were correct for 8 of the 15 clinician assessments (53%).
Intrarater reliability analysis using the unweighted κ sta-
tistic showed moderate agreement for all rater-direct
method pairs: rater 1-direct KPA κ= 0.525 (95% CI, 0.25-
0.8), P< 0.001; rater 2-direct KPA κ= 0.509 (95% CI,
0.223-0.796), P< 0.001; and rater 3-direct KPA κ= 0.410
(95% CI, 0.13-0.688), P= 0.003 (Table 2).

Indirect KPA categories were the same as the rater-
determined categories for 52 of 78 observations (67%).
For the 7 subjects quantitatively determined to have
external KPA, qualitative assessment were correct for 19
of the 21 clinician assessments (90%). Qualitative as-
sessment of KPA for the 14 subjects quantitatively de-
termined to have neutral KPA were correct for 25 of the
42 clinician assessments (60%). For the 5 subjects
quantitatively determined to have an internal KPA,
qualitative assessment were correct for 8 of the 15
clinician assessments (53%). Intrarater reliability anal-
ysis using the unweighted kappa statistic showed mod-
erate agreement for all rater-indirect method pairs: rater
1-indirect KPA κ= 0.585 (95% CI, 0.327-0.844),
P< 0.001; rater 2-indirect KPA κ= 0.563 (95% CI,
0.281-0.844), P< 0.001; and rater 3-indirect KPA
κ= 0.473 (95% CI, 0.211-0.735), P< 0.001 (Table 2).

DISCUSSION
OGA can be performed when examining a patient in

the clinic setting, or from video taken of the subject. In an
effort to make OGA more reliable and valid, a number of
observational gait scales have been developed.17,18,22–27

TABLE 1. Quantitative and Qualitative Assessments of KPA
Quantitative Qualitative

Subject
Direct
KPA*

Cate-
gorical
KPA

Indi-
rect

KPA*

Cate-
gorical
KPA

Rater
1

Rater
2

Rater
3

1 −52.04 E −52.39 E E E E
2 −23.64 E −22.13 E E N E
3 −19.83 E −19.87 E E E E
4 −18.05 E −16.98 E E E E
5 −16.54 E −16.49 E E E E
6 −15.37 E −16.26 E E N E
7 −14.65 E −9.6 N N N N
8 −12.44 E −14.84 E E E E
9 −10.33 N −10.04 N N N E
10 −8.55 N −8.18 N N N E
11 −5.43 N −7.6 N E I E
12 −5.59 N 3.59 N E E E
13 −2.88 N −2.77 N N N N
14 −1.65 N −1.77 N N N N
15 −1.47 N −0.24 N N N N
16 −1.17 N −0.95 N N N N
17 2.57 N 2.59 N E N E
18 4.45 N 5.64 N N N N
19 7.19 N 10.43 N I I I
20 8.9 N 9.53 N E N N
21 13.63 N 14.05 N I I I
22 14.66 I 14.1 I N N N
23 14.42 I 13.32 I N N E
24 19.65 I 18.76 I I I N
25 29.18 I 31.31 I I I I
26 32.78 I 33.98 I I I I

*Values are reported as degrees.
Categorical KPA indicates continous quantitative data categorized as external,

neutral, or internal; Direct KPA, directly calculated KPA; E, external; I, internal;
Indirect KPA, indirectly calculated KPA; KPA, knee progression angle; N, neutral;
Qualitative, video-based observational gait analysis; Quantitative, kinematic cal-
culation.

TABLE 2. Intrarater Reliability of Methods of KPA
Unweighted

κ
κ

Strength SE 95% CI P†

Rater 1
Direct KPA 0.525 Moderate 0.140 0.250-0.800 < 0.001*
Indirect

KPA
0.585 Moderate 0.132 0.327-0.844 < 0.001*

Rater 2
Direct KPA 0.509 Moderate 0.146 0.223-0.796 < 0.001*
Indirect

KPA
0.563 Moderate 0.144 0.281-0.844 < 0.001*

Rater 3
Direct KPA 0.410 Moderate 0.142 0.130-0.688 0.003*
Indirect

KPA
0.473 Moderate 0.134 0.211-0.735 < 0.001*

*Indicates statistical significant at P< 0.05.
†P-value is the significance of the κ statistic for cross-tabulation of each rater-

method pair.
CI indicates confidence interval; Direct KPA, directly calculated KPA; Indirect

KPA, indirectly calculated KPA; KPA, knee progression angle; κ, kappa statistic.
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There has been limited psychometric evaluation of most of
these tools. A recent review of OGA tools that can be used
for pediatric subjects identified 6 tools following a com-
puterized search of bibliographic databases.26 Three of the
OGA tools included evaluation of the transverse plane
rotation of the hip, and in all cases this was inferred from
visual assessment of KPA.17,18,22 The EVGS provided the
most explicit technique for determining KPA, based upon
the portion of the patella that is visible when the subject is
walking toward the observer.18

Despite the common use and utility of assessing
KPA during OGA, relatively little has been done to
quantitatively assess this gait parameter and to determine
the accuracy of observational techniques.15,17,18,28 In this
study we have developed and evaluated 2 quantitative
techniques for the calculation of KPA. The direct method
is the most biomechanically accurate, as it calculates the
projection of the knee joint center and lateral knee marker
relative to the gait line of progression. Unfortunately, this
approach required development of specific software to
generate the desired kinematic plots, making it un-
available to motion analysis laboratories that rely on
“black box” vendor supplied kinematic software. As a
more accessible alternative, the indirect method for the
calculation of KPA was developed. This approach is less
biomechanically rigorous, but more easily performed, as it
uses routinely available pelvic and hip transverse plane
rotations to calculate the KPA (ie, the KPA is the sum of
pelvic and hip rotation). The difference between RMS
calculated for the direct and indirect methods was statis-
tically but not clinically significant, which supports the use
of either method based upon availability. The small but
statistically significant differences in RMS values are most
like the consequence of modeling assumptions related to
the calculation of the hip joint center in the indirect
method and soft tissue artifact that variably affects both
methods.29 Further evaluation of the strength of agree-
ment between KPA measures calculated by the direct and
indirect methods revealed excellent agreement in both the
typically developing and hemiplegic CP groups.

The kinematic analyses revealed the contribution of
both pelvic and hip rotation to the KPA. With OGA it is
often difficult to determine the contribution of the pelvic
rotation to the KPA, which may result in inaccurate as-
sessment of the contribution of hip rotation to the KPA.
This study did not address the clinician’s interpretation of
the cause of the KPA, whether from pelvic and/or hip
rotation. However, it is clear that kinematic analysis, in
addition to OGA, is an essential component in the se-
lection of a surgical intervention to address KPA devia-
tions.

Video-based qualitative assessment of KPA by 3
experienced clinicians showed moderate reliability, with
complete agreement among the 3 occurring in only 65% of
the cases. The validity of the clinicians’ qualitative as-
sessment of KPA, relative to the quantitative direct and
indirect methods for calculation of KP, was reflected by
63% and 67% agreement, respectively. Clinical experience
with OGA and quantitative gait analysis has been shown

to improve the psychometrics of systematic OGA.28,30

However, the frequent difference in the observed KPA
when compared with the calculated KPA found in our
study indicates the need for caution when relying on visual
assessments for clinical interpretation, and demonstrates
the value of adding KPA calculation to standard quanti-
tative kinematic analysis of gait for children with CP.
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