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Abstract
Background: Sciatic function index (SFI) is a simple kinematic analysis used to
quantify animals’ functional recovery following sciatic nerve and related
musclesinjuries. However, the reliability of this assessment method may vary based
on experience level and practice. Therefore, this study investigated whether
standardization of rating would improve interrater reliability and precision among
novice

assessors

with

no

previous

experience.

Methods: Standardization of SFI measurement was based on the delphi technique.
A pilot measurement session was done by four raters (one expert and three novices)
on 24 traces, not included in the actual analysis. Then a standardized protocol was
developed and agreed upon by consensus through discussion and voting. The four
raters then independently assessed 20 other traces obtained from 20 rats; 10normal
and 10 animals with a unilateral tibialis anterior induced strain injury.
Results: There was no significant differences between the SFI scores of the expert
and each of the novice examiners (P-value > 0.05).Furthermore, there was a strong
significant positive correlation between expert and novice assessors (r >0.80, P
value< 0.001). Yet, the limit of precision was wide and ranged between26.7 to
29.4%.
Conclusion: Standardized SFI rating protocol increased the inter-reliability of
novice compared to expert raters; however, precision is still low and need further
improvement.
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Introduction
Sciatic functional index (SFI) is a simple kinematic analysis that assessesthe
return of rodents’ gait to normal followingsciatic nerve and related muscles injury[1-5].
SFI has the advantage of being simple, easy to administrate and economic1.This
performance test is dependent on the clarity of animals’ feet print and, hence, the ability
of the assessor to select the region of interest for measurement, thus, assessor’s
experience may play a role in measurement accuracy and precision[6].
SFI intra-rater reliability was found high (r >0.80)between novice and expert
raters using semi-automated instruments, where raters were requested to only identify
reference points before the software automatically do all the required calculations [6], yet
the reliability testing was done on animals with sciatic nerve injury. To authors’
knowledge, inter-rater reliability was not done for manual measurement where the
assessors select the reference points and do the measurement using the free hand
technique of the software. Further, its inter-reliability to assess functional recovery
following muscle injury has never been established. Muscle injury is different from that
of nerve as it iscommonly associated with pain that may persist for a prolonged period of
time, interfering with animal’s ability to bear weighton the injured limb. This in turnsmay
alter the clarity of feet print in various forms. Distorted feet print may be difficult to
identify by novice assessors with no previous experience, resulting in high errors. A
standardized assessment protocol may improve noviceassessors’ precision and reduce
measurement error. Thus,this study aimed atinvestigating whether a standardized
measurement protocol would improve interrater reliability, agreement and precision of
SFI measurement between expert and novice raters using manual measurements.
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Material and methods
Study design
Observational study on a murine animal model
Participants
SFI measurement was done by four assessors, an expert assessor with 3 years of
experience in SFI measurement and three novice assessors who have never measured the
SFI before.
Measurement procedures
SFI traces were collected from 20 adult male Wister rats; 10 normal and 10 rats
that underwent a unilateral strain of tibialis anterior muscle using a valid non-invasive
strain induction protocol4. Strain induction and SFI recording were done in accordance
and approved bythe Cairo University Institutional Animal Care and Use Committee
(IACUC) guidelines.
SFI recording:
To record SFI, one meter wooden walkway waslined with a squared paper sheet
that was fixed in place using adhesive tape. An animal cage was placed at the end of the
track to motivate the animal to walk in this direction. Then,animal’s paws were soaked in
a blue ink before animalswere left to walk across the walkway[4]. Animal conditioning
on testing was done before they were allowedto walk for 1-5trials;until the most
representative clear feet printswere obtained. All trials were recorded simultaneously by a
video camera to confirm walking print selection for further analyses. Distorted prints
were discarded, for example, if they were stationary or unclear due to tail drag, smeared,
or overlapped with front limbs traces[7, 8].
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Standardization of measurement was based on available literatures and was
employed using the delphi technique[9]. Briefly, a pilot measurement session was done
on 24 traces, not included in the analysis, by the four assessors. Then, all disagreements
were extensively discussed and voting on standardization of reference points, especially
distorted prints and artifacts, was done. For example, if the heel print was distorted, then
the clearest distal heel central point was taken as a reference point(Fig. 1b-c). Further,
toenail marks or ink spread, especially at the heel, were excluded 7. This was also true for
unclear prints.

a

b

c
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Figure 1:Measurement of different variables of SFI
shown on traces obtained from three different rats. E is the
experimental side and N is the normal side, a:showing a
clear PL print that was measured to the edge of the center
of the heel, b:A distorted PL trace that was measured
from the tip of 3rd toe to the most distal point, c:A
distorted print in which the line between experimental and
normal paws was excluded due to inconsistencies.
After the development of a standardized protocol, each assessor selected 3-6
traces from all collected trials of each animal to measure.Then, selected traces were
masked and scanned by an investigator that was not involved in rating. Scanned prints
were saved as images on personal computer and were then measured at a
randomorderusing the Kinovea software; an open access application for the movement
evaluation and analysis[10].
The SFI was calculated according to Bain’sequation [8],where E represents the
experimental side and N represents the normal side as follows:
SFI = -38.3 × (EPL – NPL/NPL) + 109.5 (ETS-NTS/NTS) + 13.3 (EIT – NIT/NIT) – 8.8

The SFI possible scores ranges from 0-100%, with 0 indicating normal function
and 100% indicating complete loss of function.Threevariables were measured for each
print as follows [1]: (1)Print length (PL):the distance between the tip of the third toe and
the most posterior part of the foot in contact with the ground, (2) Total Toe Spreading
(TS): the distance from the center of the first toe to the center of the fifth toe, and (3)
Intermediary toes (IT):the distance from the center of the second toe to the center of the
fourth toe. All variables of interest were measured to the nearest millimeter.The largest
value for each variable was used to calculate theSFI[1].All prints were measured
independently by the four assessors and data was recorded in excel worksheets.
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Data analysis
The primary outcome for this study was the inter-rater reliability between the
expert and novice assessors in measuring SFI. Non-parametricWilcoxon signed rank test
was used to investigate the difference between expert and novice examiner’s values.
Further, Spearman’s correlation coefficient was done to detect the magnitude, strength
and direction of the association between the results of expert and novice examiners.
Finally, Bland-Altman graphical method was plotted to assess the agreement between
examinersas well as the degree of precision[11].
Results
Expert SFI scores were not significantly different from each of the novice
raters(table 1,P-value >0.05). Further, a significantly strongpositive correlation between
expert and each of the novice raters’ scores was found (r>0.8, P-value <0.001).
The limit of agreement (2SD) between expert and novice examiners was
95%,whereas the limit of precision (1SD) ranged between 90 and 95%.The precision
width ranged between 26.7 and 29.4%(Figures 2 through4).

Table 1: SFI mean and standard deviation for each
observer for each group
Groups’ SFI mean and standard deviation
Examiners
Normal control

TA injured group

Expert

-9.37 ± 24.45

-11.33 ± 11.72

Novice rater 1

-13.85 ± 15.79

-10.31 ± 8.28

Novice rater 2

-16.1 ± 13.12

-13.02 ± 8.24
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Novice rater 3

-16.69 ± 14.21

-12.81 ± 7.97

Figure 2: Bland-Altman agreement plot between
the expert and first novice rater
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Figure 3: Bland-Altman agreement plotbetween the
expert and second novice rater

Figure 4: Bland-Altman agreement plotbetween the
expert and the third novice rater
Discussion
This study evaluated the efficacy of standardizing SFI measurement on the interreliability of novice raters in measuring SFI manually after muscle strain.Results showed
no significant differences between the scores of expert and novice raters, denoting
improved measurement accuracy in novice raters. This was further confirmed by the
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significant positive correlation. Absolute score agreement between examiners was
high,which further confirmed the efficacy of the used standardized protocolin reducing
the effect of experience on measurements.
However, the degree of precision was low and varied up to almost 30%.This
variability is high. Considering that normal SFI value ranges between 0 and 11%[1], then
raters may misclassify functional recovery,as normal or abnormal, with this wide
variability in measurement.It should be emphasized that SFI normal range was identified
based on other calculation equation[1] that was not used in this study, thus normal ranges
should be confirmed for current equation.
For reliability, the result of the correlation reported in this study is comparable to
that reported by Monte-Raso et al. (2008). In their study, four assessors, three novice and
one expert, measured SFI following sciatic nerve injury. A strong positive correlation
(r=0.82)was reported at the 3rd week following injury, whereas the first two weeks after
injury had a very low correlation due to the poor quality of feet prints.However, MonteRaso and his colleagues obtained rats’ feet print on different type of papers (saturated
with a bromophenol blue solution). Further, they used a more advanced, complicated and
semiautomated method, so they did not have the problem of ink smearing or distorting
the prints and, probably, less measurements subjectivity,For example, SFI calculation
was done using a graphic softwarethat required assessors to only identify the reference
points but not doing the actual measurements manually.Moreover, Monte-Raso et al.
(2008)had a different raters training, mainly on software use, not the whole selection and
the manual measurement process that was done in the current study[6].
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Brown et al. (1991) also reported an excellentand even greater SFI interrater
reliability (r= 0.92) after sciatic nerve surgical repair. Yet, in Brown’s study, four experts
done the analysis and measurements, whereas in the current study novice raters were
included, which are expected to show higher variability associated with the lack of
experience. Further, Brown and his colleagues also employed the semi-automated
software which, as explained earlier, could reduce the variability associated with manual
measurements, yet needs special equipment[12].
To authors’ knowledge, this is the first study to investigate SFI inter-rater
reliability between novice and expert raters during manual measurement of SFI using an
open access software. Further, this study is the first to assess inter-rater reliability of SFI
after muscle and not sciatic nerve injury. However, a few limitations exist: First,
measurements were entirely dependent upon subjective manual measurement, and not
compared to other confirmatory objective measurements such as kinematic and kinetic
analyses which may improve precision. Second, animals were given various numbers of
trials until the optimum print was collected, repetition of walking trials may have caused
animals fatigue, and hence, overestimated the functional impairment, yet this is not
expected to affect inter-rater variability.
Based on the results of this study,using a standardized protocolfor SFI manual
measurement improved the reliability between assessors, regardless to experience
level.However, precision is still low; requiring improved measurement procedures.
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توحيد التقييملمؤشر عرق النسا الوظيفي يحسن الموثوقيه والدقه للمقيمين المبتدئين
الخلفية :اٌّؤشش اٌٛظٍفً ٌعشق إٌغب ٘ ٛححًٍٍ حشوً بغٍظ ٌغخخذَ ٌخحذٌذ اٌخعبفً اٌٛظٍفٍفً اٌفئشاْ بعذ اصببت
عصب إٌغب ٚاٌعضالث اٌخً ٌغزٌٙبِٚ .ع رٌه لذ حخخٍف اٌّٛثٛلٍت بٍٓ اٌّمٍٍّٓ ٌغشٌمت اٌمٍبط بٕبء عًٍ ِغخٛي
اٌخبشٖ ٚاٌّّبسعتٌٚ .زٌه ٘ ،ذفج ٘زٖ اٌذساعت اٌٍبٌخحمك ِٕبٔٗ إرا حُ حٛحٍذ اٌخمٍٍّغٍٕعىظ ٘زا عًٍ ححغٓ اٌّٛثٛلٍت
ٚاٌذلٗ بٍٓ اٌّمٍٍّٓ اٌّبخذئٍٓ اٌزٌٓ ٌٍظ ٌذٌ ُٙخبشة عببمت فً ٘زا اٌمٍبط.
الطريقة:حُ حٛحٍذ عشٌمت لٍبط اٌّؤشش اٌٛظٍفً ٌعشق إٌغب بغشٌمت دٌٍفً بٕبء عًٍ لٍبط اثبس  42فأس ِٕخالي
حجشبت اعخغالعٍت ثُ لبَ اٌّمٍّ ْٛاألسبعت بشىً ِغخمً بخمٍٍُ آثبس عشش ْٚفأس ؛ عششة عبٍعٍٓ  ٚعششة حٍٛأبث حُ
اعخحذاد اصببت اٌخّضق اٌعضًٍ ٌعضٍت اٌظٕبٛبً األِبٍِٗ فً جبٔب ٚاحذ ٌ.ُٙ
النتائجٌ ٌُ :ىٓ ٕ٘بن فشٚق راث دالٌٗ احصبئٍٗ بٍٓ دسجبث اٌّؤشش اٌٛظٍفً ٌعشق إٌغب ٌٍخبٍش ٚوً ِٓ اٌفبحصٍٓ
اٌّبخذئٍٓ (ِغخٛي اٌذالٌت >  .)...0عالٚة عًٍ رٌه  ،وبْ ٕ٘بن حشابظ اٌجببً لٛي راث دالٌٗ احصبئٍٗ بٍٓ اٌّمٍُ
اٌخبٍش ٚاٌّبخذئٍٓ (ِعبًِ األسحببط > ِ ،..0غخٛي اٌذالٌت < ٌٚ .) ....0ىٕىبٔج حذٚد اٌذلت ٚاععت ٚحشاٚحج بٍٓ
 4..2إٌى .٪4..2
الخالصة:حٛحٍذ عشٌمت لٍبط اٌّؤشش اٌٛظٍفً ٌعشق إٌغب أدٌبًٌ صٌبدة ِٛثٛلٍت اٌّمٍٍّٓ اٌّبخذئٍٓ؛ ٌٚىٓ ،اٌذلت ال
حضاي ححخبج اًٌ ِضٌذ ِٓ اٌخحغٍٓ.

الكالمات الدالة :اٌّؤشش اٌٛظٍفً ٌعشق إٌغب ؛ اٌّٛثٛلٍت بٍٓ اٌّمٍٍّٓ ؛ اٌخٛحٍذ.

