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Abstract
Introduction  This study evaluates the gait analysis obtained by Inetial Measurement Units (IMU) before and after 
surgical management of Spastic Equino Varus Foot (SEVF) in hemiplegic post-stroke patients and to compare it with 
the functional results obtained in a monocentric prospective cohort.

Methods  Patients with post-stroke SEVF, who underwent surgery in a single hospital between November 2019 and 
December 2021 were included. The follow-up duration was 6 months and included a functional analysis using Goal 
Attainment Scaling (GAS) and a Gait analysis using an innovative Multidimensional Gait Evaluation using IMU: the 
semiogram.

Results  20 patients had a gait analysis preoperatively and at 6 months postoperatively. 90% (18/20) patients had a 
functional improvement (GAS T score ≥ 50) and 50% (10/20) had an improvement in walking technique as evidenced 
by the cessation of the use of a walking aid (WA). In patients with functional improvement and modification of WA 
the change in the semiogram area was + 9.5%, sd = 27.5%, and it was + 15.4%, sd = 28%. In the group with functional 
improvement without change of WA. For the 3 experiences (two patients) with unfavorable results, the area under the 
curve changed by + 2.3%, -10.2% and − 9.5%. The measurement of the semiogram area weighted by average speed 
demonstrated very good reproducibility (ICC(1, 3) = 0.80).

Discussion  IMUs appear to be a promising solution for the assessment of post-stroke hemiplegic patients who 
have undergone SEVF surgery. They can provide a quantified, objective, reliable in individual longitudinal follow up 
automated gait analysis solution for routine clinical use. Combined with a functional scale such as the GAS, they can 
provide a global analysis of the effect of surgery.
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Introduction
A frequent chronic complication of post-stroke hemi-
plegia is the occurrence of a Spastic Equino Varus Foot 
(SEVF) deformity. This deformity is the cause of sig-
nificant discomfort in walking and increases the risk of 
falling. The medical management is based on the use of 
botulinum toxin and rehabilitation [1]. If medical mea-
sures fail, “neuro-orthopaedic” surgery is required to 
correct dynamic and static deformities [2]. About 18% of 
stroke survivors will have a SEVF [3], and 59% of these 
will require surgical management [1].The preoperative 
evaluation is delicate and relies on consultation between 
the different actors of the management [4, 5]. Neuro 
orthopaedic surgery for SEVF encompasses a combi-
nation of tendon and nerve procedures performed by a 
single team [6, 7]. In most cases, the result is satisfactory, 
allowing the patient to have a plantigrade support for a 
more stable and fluid gait, sometimes without the need 
for technical aids. However, precise assessment of the 
effect of surgery on walking remains difficult and com-
plex to reproduce [8].

The performance of a neuro-orthopaedic surgical pro-
cedure in these patients not only has an analytical local 
impact, but also has a more global repercussion. While 
the outcome of the procedure can be easily observed dur-
ing the open chain analytical examination, its repercus-
sion on the patient’s global approach remains extremely 
difficult to evaluate and quantify. Gait assessment of 
hemiplegic post-stroke patients with SEVF is a real chal-
lenge in clinical practice. There is currently no simple, 
reproducible, objective, and quantifiable way to assess 
gait in its entirety in clinical practice [8]. For this rea-
son the evaluation of the result is therefore mainly based 
today on a subjective functional evaluation, with the Goal 
Attainment Scale (GAS) appearing as the most reliable 
tool [9–11]. It allows to know if the functional contract 
established with the patient during the preoperative 
phase has been fulfilled. Although it provides effective 
individual-level analysis, it is not very precise when it 
comes to comparing different treatments [12].

Thus, it seems essential to complete this functional 
evaluation with a global, quantified and objective evalua-
tion of the repercussion of this procedure on the patients’ 
gait [13].

For several years, the use of inertial measurement units 
(IMUs) has made it possible to obtain a gait analysis that 
can be easily deployed in clinical routine [14]. The param-
eters used have proved highly effective in the longitudinal 
follow-up of patients suffering from neurological diseases 
such as Multiple Sclerosis or Parkinsons disease [15–18]. 
In post stroke patients, several parameters have shown 
good reliability [19–21]. However, IMUs have never been 
used in post-operative evaluation in this population. The 
semiogram is a radar diagram providing an immediate 

and intuitive view of all the gait data obtained by calcu-
lating 17 mathematical parameters validated in the litera-
ture and divided into 7 clinical criteria [22, 23]. It offers 
an instantaneous analysis of gait, which clinicians can 
conveniently interpret. By combining relevant param-
eters found in the literature [24, 25], it enables a com-
prehensive approach based on clinical criteria that can 
be easily used by the clinician. It therefore seems to us to 
be a relevant tool for easy use in clinical practice in this 
indication as a complement of GAS. Indeed it allows for a 
more detailed and quantified analysis, making it possible, 
for example, to compare two different interventions, or 
to assess changes in outcome longitudinally, which is not 
possible with GAS.

In order to assess the reliability and consistency of 
semiogram in the peri-operative evaluation of post-stroke 
SEVF, we compare in this article the results obtained with 
the semiogram and the functional evaluation usually per-
formed [8]. Validation of IMU analysis by this method 
will inevitably have the same limitations as GAS, but it 
remains the best option for comparing clinical data with 
instrumental data. The originality of our study lies in this 
mixed approach, as there is currently no way of asserting 
that an improvement observed instrumentally is neces-
sarily associated with an improvement felt by the patient.

Our main objective is to evaluate the gait analysis 
obtained by IMU before and after surgical management 
of SEVF in hemiplegic post-stroke patients and to com-
pare it with the functional results obtained in a mono-
centric prospective cohort.

Methods
Patients
This was a single-center study (Percy Military Hospital 
orthopedic and neurophysiology departments, Clamart, 
France), prospective, longitudinal, non-randomized. 
Hemiplegic patients with post-stroke equinovarus foot, 
who underwent surgery at the Percy Hospital between 
November 2019 and December 2021 were included. The 
follow-up duration was 6 months. The studies involv-
ing humans were approved by Protection des Personnes 
Nord Ouest III (ID RCB: 2017-A01538-45). The stud-
ies were conducted in accordance with the local legisla-
tion and institutional requirements. The participants 
provided their written informed consent to participate 
in this study. Patients were recruited from the multi-
disciplinary neuro-orthopedics consultation, including 
all specialists managing locomotor system neurologic 
sequelae: physical medicine and rehabilitation, orthope-
dic surgery, neurology, and physiotherapy. Indications 
for surgery were thus decided by a specialized team after 
optimal medical treatment. Patients have been operated 
at the Percy Hospital by a single surgeon who was present 
at all consultations.
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The inclusion criteria were:

 	• Age > 18 years;
 	• Signed informed consent;
 	• National health insurance cover;
 	• Spastic equinovarus foot, with treatment by neuro 

orthopedic procedure indicated by the neuro-
orthopedic consultation team;

 	• Mobile, able to walk 4 times 20 m with U-turn with 
a pause of 3 min between exercises, with or without 
walking aid.

The main endpoint was the evaluation of the feasibility 
and interpretability of the semiogram for evaluation of 
the efficacity of Equino Varus Foot surgery in post stroke 
hemiparetic patients, and his comparison with functional 
analysis obtained by Goal Attainment Scaling (GAS).

Surgical procedure
Surgical management was decided during a multi-
disciplinary neuro-orthopaedic consultation. It was 
comprehensive, incorporating both tendon and nerve 
procedures, and aligned with the current state of the art 
[4, 6, 7]. In view of the multitude of possible procedures, 
we have classified the type of procedures performed into 
the following four categories: selective neurotomy (SN), 
tendon lengthening (TL), tendon transfer (TT) (possibly 
associated with TL).

Gait recording
Gait recording was performed before the surgical pro-
cedure and 6 months after. Three IMUs (XSens® MTw 
Measurement Units; sampling rate, 100 Hz) were used to 
measure linear acceleration and angular velocity, placed 
on the dorsal part of the feet, at and in the lower back 
(L4-L5 vertebrae). The sensors were attached by hook-
and-loop fasteners made by the manufacturer. With 
the sensors attached, the patient performed the follow-
ing sequence: standing position for 6 s, walking 10 m at 
comfortable speed, U-turn, walking 10 m at comfortable 
speed, standing position for 5 s. Patients performed twice 
the sequence, without walking aid if possible: first with 
footwear and then barefoot. A computer collected syn-
chronized sensors data.

Clinical data
Functional assessment of the outcome of transfer was 
made on GAS [9, 10], to provide an objective evalua-
tion of functional success according to the preoperative 
contract between team and patient. The evaluation of 
GAS was done at 6 months follow-up. Using a validated 
form for setting out the objectives to be achieved as part 
of the GAS in a standardized way, the patient expressed 
his or her expectations and their relative importance 

with respect to the disability, and then the patient and 
the medical team assessed the result postoperatively. 
If the result was as expected, it scored 0; if better than 
expected, + 1 or + 2 depending on how much better; and 
if there was no functional improvement, then − 1 or, if 
there was any aggravation, -2. Three or four objectives 
can be assessed, for a total score out of 50. The T score 
used was:

	
T = 50 + 10

∑
WiXi

/√[
(1− ρ )

∑
Wi2 + ρ

(∑
Wi2

)]

where:

 	• Xi = GAS score.
 	• Wi = weight of each GAS scale (2/1).
 	• ρ = 0.3 correlation coefficient between GAS scores 

[26, 27].

We also used a binary GAS which separates good func-
tional results (GAS ≥ 0) from poor ones (GAS < 0).

Clinical examination was classical, performed by the 
investigator, assessing ankle range of motion, transfer 
function, use of external devices and analytic assessment 
of the foot.

Data pathway
Data was collected on a computer, saved locally, rendered 
anonymous, and transferred on portable hard drives to 
the Borelli Center (UMR 9010 CNRS - Paris-Saclay Uni-
versity – Paris Cité University – SSA – INSERM) follow-
ing standard MR001.

Spatiotemporal gait parameters
We used the semiogram as described in [23], applicated 
with an automated gait events segmentation algorithm 
[22]. The calculation methods for each parameter were 
derived from the literature and are detailed in a previ-
ous paper [23]. In addition, with average speed which is 
shown separately, the seven semiological criteria used 
were:

1.	 Springiness: refers to gait rhythmicity.
2.	 Smoothness: refers to gait continuousness or non-

intermittency [20, 25, 28–31].
3.	 Steadiness: refers to gait regularity.
4.	 Sturdiness: refers to gait amplitude.
5.	 Stability: refers to gait balance [32].
6.	 Symmetry: refers to right/left concordance during 

gait [33–36].
7.	 Synchronization: refers to inter-limb coordination 

during gait.
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The visual rendering of the semiogram enables instant 
visual analysis of the patient’s gait, as we show in the 
results section. To determine whether a significant 
improvement was observed, we used the area of the 
semiogram using average speed as a coefficient compar-
ing M0 to M6. Since the calculation of the area is sensi-
tive to the scale used and the order of parameters around 
the diagram, we established the previously mentioned 
order for a Z-score value ranging from 2 to -20. There-
fore, the formula for the area of the semiogram weighted 
by average speed is as follows:

	
Asemio = 0.5 ∗ (20 + Zspeed) ·

7∑

i=1

(20 + Zi) · (20 + Zi+1)

where:

 	• Zspeed  represents the Z-score of average speed
 	• For i ranging from 1 to 7, Zi  represents the Z-score 

of the i-th parameter
 	• Z8 represents the Z-score of the first parameter 

(Z8 = Z1)

Statistics
Given that this study marked the inaugural application 
of the semiogram in assessing patients with post-stroke 
SEVF occurrence both before and after surgery, the 
sample size was determined by the progression of con-
sultations conducted at the center within a predefined 
timeframe, rather than by a prior power analysis. Initial 
findings were explored through two-sided non-paramet-
ric tests with a significance threshold of 0.05. Regarding 
the semiogram evaluation, individual gait patterns were 
analyzed separately for each patient at the M0 and M6 
timepoints, considering gait with and without shoes.

The quality of the walking event detection algorithm 
was previously validated in a similar cohort [19], and 
the authors of the article visually verified the segmenta-
tion of each walking trial to ensure detection consistency. 
At each evaluation date, patients walked both with and 
without shoes. Recognizing walking test with or without 
shoes as two distinct ways of evaluating walking, a test-
retest design was employed to assess the measurement 
variability between the two conditions. The relative reli-
ability was determined using the ICC (3,1), which gauges 
the consistency of single measurements while assuming 
that the variability arises from systematic bias.

To assess the performance of the semiogram in surgical 
operations among post-stroke SEVF patients, multiple 
tests were conducted. At the semiological level, the rela-
tionship between discrete GAS T scores and alterations 
in each criterion between M0 and M6 was initially inves-
tigated via the Kruskal-Wallis test. A Kendall’s rank test 

was also applied, categorizing patients into two groups: 
those exhibiting clinical improvement (GAS T score ≥ 50) 
and those without such improvement (GAS T score < 50). 
As the walking tests were administered under conditions 
reflecting usual patient gait, albeit with limited assis-
tance, some patients experienced reduced walking aid 
between M0 and M6, which introduced complexity to 
the analysis. To enhance result interpretation, non-para-
metric Wilcoxon-Mann-Whitney tests were performed 
to compare patients who reduced walking assistance with 
the remaining group.

At the comprehensive semiogram level, analogous 
tests were executed, encompassing the area weighted 
by average speed, as previously elucidated. To assess the 
relevance of the semiogram as a whole, an analysis of 
the relative evolution of the weighted semiogram area 
between M0 and M6 in the population that perceived a 
benefit from the operation (GAS T score ≥ 50) was con-
ducted. This analysis differentiated between patients who 
used this benefit to reduce their need for walking assis-
tance and those who continued to use the same walking 
aid at both evaluations.

Lastly, a thorough visual portrayal of semiograms and 
their evolution between M0 and M6 was conducted by 
the clinician, with the objective of understanding their 
utility on both individual and clinical fronts.

Results
Functional results
We included 22 patients operated for post-stroke SEVF, 
two of them were lost of follow up. Demographic and 
clinical data are shown in Table 1.

20 patients had a gait analysis preoperatively and at 6 
months postoperatively. GAS assessment was performed 
at the last follow-up at 6 months. Table 1 summarizes all 
the surgical procedures performed. The GAS objectives, 
their results and the walking aid Necessity before and 
after surgery are shown in Table 2. For the T score calcu-
lation, GAS objective 1 had a weighting of 2 and objective 
2 had no weighting. Considering binary GAS 90% (18/20) 
patients had a GAS improvement and 50% (10/20) had 
an improvement in walking technique as evidenced by 
the cessation of the use of a walking aid. Regarding the 
adverse events, one patient had lateral scar disunion after 
Split Anterior Tibial Tendon Transfer (SPLATT) treated 
by directed wound healing. Two patients had a recur-
rence of the deformation at 6 months, one of the equinus 
only probably due to insufficient post-operative reha-
bilitation, and one of dynamic varus by rupture of the 
SPLATT treated by transfer of the TA on the third meta-
tarsus with good result.
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Global semiogram analysis
The number of examinations obtained was 72 out of the 
80 expected, as a number of patients were unable to per-
form a barefoot passage, and some were too tired after 

the first passage. Automatic gait events detection has 
been realized in another study and compared to GaitRite 
[22]. We assess the correspondence between barefoot 
and “with shoes” tests during the same sessions to evalu-
ate an Intra-session intraclass correlation coefficients 
(ICCs) for speed and the seven criteria of the semiogram 
as shown in Fig. 1.

Regarding the comparison between groups with and 
without changes in walking assistance, no significant dif-
ferences were found in the improvement of any of the cri-
teria between M0 and M6. Figure 2 in the article presents 
the distribution within the cohort between the groups. A 
trend favoring the group with no change in walking assis-
tance appears to be emerging but is not statistically sig-
nificant. The average speed presented in Fig. 2 increased 
by + 0.17 (sd = 0.63) in patients with functional improve-
ment and technical change, and by + 0.27 (sd = 0.50) in 
the group without technical change. In patients with an 
unfavorable outcome (GAS T score < 50), it decreased by 
-0.36 -0.46 and − 0.24.

Considering the semiogram, the measurement of the 
area weighted by average speed demonstrated very good 
reproducibility (ICC(1, 3) = 0.80, Fig.  3A). In the group 
with a positive functional outcome (GAS T score ≥ 50), 
the change in the area shown in Fig.  3B was + 9.5%, 
sd = 27.5% for the group with modification of walking 
aid, and + 15.4%, sd = 28% in the group without change 
of walking aid. For the 3 experiences (2 patients) with 
unfavorable results, the area under the curve changed by 
+ 2.3%, -10.2% and − 9.5%. The removal of a walking aid 

Table 1  Patients characteristics and type of surgery
Patients Sex Age Side Surgical procedure
1 M 54 RIGHT SPLATT + TL (Achille + fdl)
2 M 29 LEFT SPLATT + TL (gastroc + fdl)
3 M 65 LEFT SPLATT + TL (gastroc)
4 M 66 LEFT STN (sol + TP) + TT (TA)
5 F 39 LEFT SPLATT + TL (gastroc)
6 M 47 RIGHT SPLATT + TL (gastroc + fdl)
7 F 52 LEFT STN (sol) + SPLATT + TL (gastroc + fdl)
8 F 52 RIGHT STN (sol) + SPLATT + TL (achille + fdl)
9 F 50 LEFT TL (gastroc + fdl)
10 F 56 LEFT SPLATT + TL (Achille + fdl)
11 F 67 LEFT TL (gastroc + fdl)
12 F 54 LEFT TL (gastroc + fdl)
13 F 51 RIGHT SPLATT + TL (Achille + fdl)
14 F 51 RIGHT SPLATT + TL (Achille + fdl)
15 F 80 LEFT TL (achille + Fdl + fhl)
16 F 25 RIGHT SPLATT + TL (gastroc + fdl)
17 F 72 RIGHT SPLATT + TL (Achille + fdl)
18 M 29 RIGHT STN (sol, TP) + TL (fdl/fhl)
19 M 41 LEFT SPLATT + TL (Achille + fdl)
20 M 67 RIGHT STN (sol) + SPLATT + TL (gastroc + fdl)
STN: selective tibial neurotomy; sol: soleus; tp: tibialis posterior; fhl: flexor 
hallucis longus; TL: tendon lengthening procedure; gastroc: gastrocnemius; 
fdl: flexor digitorum longus; achille: achilles tendon; splatt: split anterior tibial 
tendon transfer

Table 2  Functional objectives, GAS results and walking aids modification 6 months after surgery
Objective GAS 1 Objective GAS 2 GAS 1 GAS 2 T score M6 WA reduction WA before surgery WA after surgery
Crutch Walking barefoot 1 2 63,3 1 AFO/crutch None
Stability Lift orthosis 2 0 63,3 1 AFO None
Walking barefoot Lift orthosis -1 -1 40 0 Tripod / AFO Tripod / AFO
Walking barefoot Lift orthosis 0 0 50 0 Tripod / AFO Tripod / AFO
Crutch Walking barefoot 1 1 60 1 Tripod / AFO None
Stability Walking barefoot 1 0 56,7 1 Tripod None
Walking barefoot Stability 0 1 53,3 0 Crutch None
Stability Crutch 0 0 50 1 Tripod None
Toe claws Smoothness 0 1 53,3 0 Crutch Crutch
Shoes Metatarsalgia 0 1 53,3 0 Crutch / AFO Crutch
Knee Flessum Walk 0 -1 50 1 RW Crutch
Stability Smoothness 0 0 50 0 None None
Douleur Walking barefoot 0 0 50 0 None None
Stability Walking barefoot 0 0 50 1 Tripod AFO None
Stability Crutch 0 0 50 1 Tripod Crutch
Stability Crutch 1 0 56,7 1 Tripod / AFO Crutch
Endurance Lift orthosis 1 0 56, 7 0 Tripod / AFO Tripod
Flat foot Smoothness 0 0 50 0 None None
Stability Flat foot 0 -1 46, 7 1 Tripod Crutch
Walking barefoot Stability 0 0 50 0 Crutch Crutch
GAS : Goal Attainment Scale, WA : Walking Aids, AFO : Ankle Foot Orthosis
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can be considered as an objective functional improve-
ment, which explains why in the group without change 
of walking aid the evolution of the area is more marked 
than in the group with change, confirming the good sen-
sitivity of semiogram. The use of semiogram area as the 
main criterion showed no significant result, but an over-
all trend comparable to the evolution of GAS.

Individual analysis of the semiogram
Patients with a poor clinical outcome showed a decrease 
in their overall semiogram score. For patients who had 
a significant improvement in their gait characterized by 
the cessation of use of a walking aid, a comparable semi-
ogram was considered to represent an improvement. 
We have detailed three examples of results in Fig. 4. On 
Fig.  4A, the patient’s walking was generally good with-
out technical aids prior to surgery. There was a good 
improvement in his gait, in line with the GAS score. Fig-
ure  4B shows the results of a patient with a recurrence 
of transplant rupture, showing no improvement in gait 
and even deterioration in some parameters. Stability 
is paradoxically excellent, as the patient has a very slow 
gait using a tripod cane. Figure 4C shows a very similar 
pre- and postoperative appearance, however the patient 
stopped using a valve and orthopedic shoes following the 
procedure. This clearly shows that there was no funda-
mental change in gait pattern, but better stability in both 
barefoot and commercially available shoes, resulting in 
significant functional improvement.

Discussion
Functional results
The functional results of this cohort of post stroke 
SEVF treated surgically with a global neuro-orthopedic 
approach combining nerve and tendon interventions are 
in line with those reported in the literature [1, 6, 37, 38]. 
As reported by Salga et al. [4] we believe that that this 
specific approach should be carried out by specialized 
teams performing the full range of available procedures, 

Fig. 2  Average speed Z score evolution between M0 and M6 in groups 
with and without technical change

 

Fig. 1  Assessment of the correspondence between barefoot and “with shoes” tests during the same sessions to evaluate an Intra-session intraclass cor-
relation coefficients (ICCs) for speed and the seven criteria of the semiogram: sturdiness, stability, synchronization, smoothness, symmetry
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rather than by separate neurosurgical or orthopedic 
teams [2, 7, 39].

Evaluation methods in SEVF surgery
As previously shown in a literature review [8], the impact 
on patients’ overall gait is very difficult to quantify clini-
call, making it difficult to establish a standardized method 
for evaluating the efficacy of SEVF surgery after stroke. 
Most of the scales lack specificity, and the most promis-
ing option appears to be the Goal Attainment Scale [6, 
10, 40, 41]. GAS shows good sensitivity and specificity for 
assessing the functional impact of a treatment. However, 
because it is assessed at precise points in time, as in this 
case at M0 and M6, it does not allow quantified and pro-
gressive dynamic monitoring of gait evolution. It only has 
5 different levels, which only allows a fairly binary analy-
sis of the result as favorable or unfavorable. Furthermore, 
a recurring criticism of GAS lies in the ability of teams to 
set objectives in a way that is adapted so as not to distort 
results [10]. If these various reasons are in favor of a stan-
dardized automated gait analysis enabling finer-grained 
monitoring, they also complicate the validation of a new 
tool, as it will not be possible to highlight a correlation as 
is done in MS, for example, with the EDSS score [17, 23].

Interest and limitations of the semiogram
The use of IMUs is growing all the time. They show 
excellent reliability for monitoring the activity of healthy 
subjects [42], and are increasingly being used to moni-
tor patients with neurological pathologies. However, 

the more degraded the gait, the more complicated it 
becomes to use automated gait event detection and 
analysis tools. Although studied in hemiplegic patients, 
IMUs had not previously been used perioperatively [14, 
19, 20, 43, 44]. This study validated the feasibility of 
gait analysis by IMU in patients undergoing post-stroke 
SEVF surgery. This offers major prospects for improving 
the follow-up of hemiplegic post-stroke patients. Con-
ventional Quantitative Gait analysis is often difficult to 
perform in routine clinical practice and is mainly used 
to plan interventions. This makes it difficult to simplify 
and quantify, for example, to evaluate correlation with 
another variable or to assess overall trends. To improve 
practices, an automated, quantified and objective assess-
ment seems essential, and is now possible with this cost-
effective technique that can easily be deployed in clinics. 
While some teams have chosen to focus on a single crite-
rion such as smoothness [17], our study raises the point 
that no single gait criterion is perfectly sufficient. The uti-
lization of a semiogram that integrates several gait analy-
sis parameters appears to be a more nuanced approach 
for assessing the evolution of gait at the individual level. 
This multi-parameter approach has already been used by 
teams such as Del din et al. and Ben Mansour et al. [45–
47]. The interest of the semiogram lies in its close rela-
tionship with the clinical examination moreover this tool 
has also been made available online to any team wishing 
to use it. It can therefore be used widely and reproduc-
ibly [48]. All algorithms can be accessed and used online 
at https://www.ipol.im/. The use of 7 different clinical 

Fig. 3  A. Intraclass correlation coefficients for Semiogram area between barefoot and “with shoes” tests B. Area evolution between M0 and M6 in groups 
with and without technical change. There was a greater increase in the area of the semiogram in the group without technical change than in the group 
with technical change

 

https://www.ipol.im/
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parameters seemed relevant for the evaluation of patients 
included in this study. However, a more specific evalua-
tion of variations in these parameters on larger cohorts 
would be interesting [23]. Our results in this new popu-
lation showed that parameter and criterion calculations 
are reproducible. Thus, the semiogram appears to be an 
easily accessible and reproducible complement that can 

be used to compare new surgical techniques with greater 
precision than a simple functional analysis [12]. The main 
limitations of the semiogram in our practice are mainly 
linked to the significant variation in parameters depend-
ing on the pathologies studied. As a result, the reading 
scale may need to be adapted to highlight variations. In 
addition, it is a graphic tool designed to facilitate reading 

Fig. 4  A. Pre- and post-operative semiograms showing improvement in global walk (with shoes on the left and barefoot on the right). The patient had 
no walking aid pre- and post-operative and GAS 0/0. B. Pre- and post-operative semiograms showing no improvement in global walk. The patient had a 
GAS = -1. He was walking with a tripod cane before and after explaining the very good stability score. C. Pre- and post-operative semiograms showing no 
significative improvement in a patient with a GAS = 1–2 but who had orthopedic shoes and walking stick before surgery and no walking aids after (with 
shoes on the left and barefoot on the right)
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for the clinician by integrating a wealth of information. 
The area of the semiogram the area with a general coef-
ficient for speed corresponds to the clinician’s visual ren-
dering since the comparison between the areas of the 
ploygons is made immediately and the addition of the 
color code for speed gives an overall appreciation of the 
gait. The use of polygon area in this study represents one 
solution, but other possibilities should be investigated. 
Indeed It allows overall quantitative evaluation, but does 
not give a fine semiological reading that a semiogram can 
provide.

IMU and SEVF
The first step was to obtain efficient market event detec-
tion. We have subsequently shown in this study that 
the semiogram can be used in the postoperative analy-
sis of the post-stroke SEVF. The difficulty in analyz-
ing the postoperative result lies in the lack of effective 
tools available. Because of their fundamental difference 
in use, GAS and semiogram do not show any statistical 
correlation, although their evolution is similar overall. 
However, their use is complementary. GAS only gives 
a definitive result at a distance but does not allow us to 
monitor the progressive evolution of gait postoperatively, 
or to assess even minimal changes in gait. On the other 
hand, the semiogram has an objective and quantitative 
character that may be useful when comparing two tech-
niques or two therapies, such as a motor block and the 
efficacy of an intervention [49], or an innovative surgical 
procedure [12]. It would also be interesting to use it in 
the evaluation of temporary therapies such as botulinum 
toxin injections. This would make it possible to assess the 
period of efficacy and any recurrence of functional dis-
comfort. This would enable us to adapt the therapies used 
and their temporality to the patient’s needs. It would also 
make it possible to increase the number of patients ana-
lyzed, to increase the power of the statistical tests used. 
Finally, an untested utility of the semiogram could be to 
enable patients to monitor their gait, during rehabilita-
tion for example, which would enable them to directly 
observe any improvement or deterioration. Indeed the 
major advantage of the semiogram is that it enables pro-
spective follow-up, which is not possible with GAS, and 
can be used to monitor patients, notably by alerting to 
unfavorable evolution of at least one of the criteria.

Limits and perspective
Although this study is prospective and monocentric, one 
of its main limitations is the small number of patients 
included and the relatively short follow-up period. In 
order to refine and optimize the use of the semiogram in 
post-stroke hemiplegic patients, it would be interesting 
to follow larger cohorts in order, in particular, to compare 
the results of motor blocks with those of surgery [50, 51] 

or toxin for which semiogram could be of real interest in 
individual longitudinal monitoring [52].

Conclusion
IMUs appear to be a promising solution for the assess-
ment of post-stroke hemiplegic patients who have 
undergone SEVF surgery. They can provide a quantified, 
objective, reliable in individual longitudinal follow up 
automated gait analysis solution for routine clinical use. 
The use of IMU in routine clinical practice should make 
it possible to standardize and make objective and quan-
tified the post-operative assessment of patients, which is 
currently based solely on subjective scales.
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