Little evidence for conservative toe walking interventions in autism spectrum disorders: A Systematic Review
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Table S1. Assessment of the completeness of the included studies
	Study
	CARE Checklist Items

	
	1
	2
	3a
	3b
	3c
	3d
	4
	5a
	5b
	5c
	5d
	6
	7
	8a
	8b
	8c
	8d
	9a
	9b
	9c
	10a
	10b
	10c
	10d
	11a
	11b
	11c
	11d
	12
	13

	Marcus et al.,
2010
	-
	-
	-
	+
	+
	+
	+
	+
	n/a
	+
	+
	+
	+
	-
	-
	+
	n/a
	+
	+
	+
	+
	-
	-
	+
	+
	+
	+
	+
	-
	+

	Persicke et al.,
2014
	-
	-
	-
	+
	+
	+
	+
	+
	n/a
	+
	+
	+
	+
	+
	-
	+
	n/a
	+
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	-
	-

	Barkocy et al.,
2017
	-
	-
	+
	+
	+
	+
	+
	+
	n/a
	+
	+
	+
	+
	-
	-
	+
	n/a
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-

	Hodges et al.,
2018
	-
	-
	-
	+
	+
	-
	+
	+
	n/a
	+
	-
	+
	+
	-
	-
	+
	n/a
	+
	+
	+
	+
	-
	+
	-
	+
	+
	+
	+
	-
	-

	Hodges et al.,
2019
	-
	-
	-
	+
	+
	+
	+
	+
	n/a
	+
	-
	+
	+
	-
	-
	+
	n/a
	+
	+
	+
	-
	+
	-
	-
	+
	+
	+
	+
	+
	-

	Wilder et al.,
2020
	-
	-
	+
	+
	+
	-
	+
	+
	n/a
	+
	+
	+
	+
	-
	-
	+
	n/a
	+
	+
	+
	+
	-
	-
	+
	+
	+
	+
	+
	-
	-

	Kratz
2020
	+
	-
	-
	+
	+
	+
	+
	+
	n/a
	+
	+
	+
	+
	-
	-
	-
	n/a
	+
	+
	+
	+
	+
	+
	-
	+
	-
	-
	+
	+
	+

	Shaw & Soto-Garcia (2021)
	+
	-
	-
	+
	+
	+
	+
	+
	n/a
	+
	+
	+
	-
	-
	-
	+
	n/a
	+
	-
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	-

	Barkocy et al., 2021
	-
	-
	+
	+
	+
	+
	+
	+
	n/a
	+
	+
	+
	+
	-
	-
	+
	n/a
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+



Legend:  - = absent; + = present; n/a = not applicable. Note for item 8a: to be considered “+” ASD diagnostic criteria should be reported. 1. The diagnosis or intervention of primary focus followed by the words “case report”; 2. Two to five key words that identify diagnoses or interventions in this case report, including "case report"; 3a. Introduction: What is unique about this case and what does it add to the scientific literature? 3b. Main symptoms and/or important clinical findings; 3c. The main diagnoses, therapeutic interventions, and outcomes; 3d. Conclusion—What is the main “take-away” lesson(s) from this case?; 4. One or two paragraphs summarizing why this case is unique (may include references); 5a. De-identified patient specific information; 5b. Primary concerns and symptoms of the patient; 5c. Medical, family, and psycho-social history including relevant genetic information; 5d. Relevant past interventions with outcomes; 6. Describe significant physical examination (PE) and important clinical findings; 7. Historical and current information from this episode of care organized as a timeline; 8a. Diagnostic testing (such as PE, laboratory testing, imaging, surveys); 8b. Diagnostic challenges (such as access to testing, financial, or cultural); 8c. Diagnosis (including other diagnoses considered); 8d. Prognosis (such as staging in oncology) where applicable; 9a. Types of therapeutic intervention (such as pharmacologic, surgical, preventive, self-care); 9b. Administration of therapeutic intervention (such as dosage, strength, duration); 9c. Changes in therapeutic intervention (with rationale); 10a. Clinician and patient-assessed outcomes (if available); 10b. Important follow-up diagnostic and other test results; 10c. Intervention adherence and tolerability (How was this assessed?); 10d. Adverse and unanticipated events; 11a. A scientific discussion of the strengths AND limitations associated with this case report; 11b. Discussion of the relevant medical literature with references; 11c. The scientific rationale for any conclusions (including assessment of possible causes); 11d. The primary “take-away” lessons of this case report (without references) in a one paragraph conclusion; 12. The patient should share their perspective in one to two paragraphs on the treatment(s) they received; 13. Did the patient give informed consent? Please provide if requested.



Table S2. Detailed demographic and clinical features of the included studies.
	[bookmark: _heading=h.gjdgxs]
STUDY
	
Study design
	Sample size, sex, age
	ASD diagnostic criteria and severity
	Intellectual disability
	Language level

	Comprehension level
	Other comorbidities
	Previous treatments for toe-walking without changes

	1. Marcus et al. (2010)
	Case report
	
3 males
8-9 years old
(single age not reported)
	NR
	Moderate
	All 3 subjects: poor repertoire of speaker skills
	NR
	One subject: mild cerebral palsy and epilepsy
	- 1 subject: weighted shoes
- 1 subject: surgery followed by casts; Botulinum toxin; boots
- 1 subject: NO

	2. Persicke et al. (2014)
	Case report
	1 male
4 years
	- DSM-IV-TR
- Mild to moderate (CARS)
	NR
	No functional speech
	NR
	NR
	Correction procedure
(e.g., downward pressure applied to shoulders)

	3. Barkocy et al. (2017)

	Case report
	1 male
7 years
	NR
	NR
	Nonverbal
	No deficits
	NR
	Stretching of plantar flexors and standing balance exercises

	[bookmark: _heading=h.30j0zll]4. Hodges et al. (2018)

	Case report
	1 male
5 years
	NR
	NR
	Multiple-word sentences
	Ability to follow
vocal instructions
	NR
	Previous experience with praise and reprimands

	5. Hodges et al. (2019)
	Case report
	1 male
4 years
	NR
	NR
	Multiple word sentences
	Ability of following vocal instructions
	NR
	NR

	6. Wilder et al. (2020)
	Case report
	3 males
4,5,6 years
	NR
	NR
	2 subjects: multiple word sentences
1 subject: one-two word phrases
	NR
	NR
	NO

	7. Kratz (2020)
	Case report
	1 male
6.5 years
	NR
	“Cognitive deficits”
	Lack of functional expressive language skills
	Lack of receptive language skills
	Severe dyspraxia, hypotonia, sensory processing dysfunction, proprioception deficit
	Stretching of plantar flexors; joint mobilization; myofascial release.

	8. Shaw & Soto-Garcia (2021)
	
Case report
	1 male
8 years
	NR
	NR
	NR
	NR
	NR
	Stretching exercises and muscle stripping to the plantar flexors; chiropractic

	9. Barkocy et al. (2021)
	Case
series
	4 males, 1 female
4, 8, 12,15 yrs (M) - 5 yrs (F)
	NR
	NR
	NR
	NR
	NR
	NO


CARS=Childhood Autism Rating Scale. NR=not reported
Table S3. Description of the study results. 
	[bookmark: _heading=h.2s8eyo1]STUDY
	INITIAL EVALUATION
	FINAL EVALUATION
	FOLLOW UP
	RESULTS

	1.Marcus et al. (2010)

	Initial percentages of 10s time intervals spent on TW in 10 minutes sessions:
- Subject 1: 91% average (11 sessions of initial observations)
- Subject 2: 67% average (12 sessions of initial observations)
- Subject 3: media 82% (12 sessions of initial observations)
	Final percentages of 10s time intervals spent on TW in 10 minutes sessions:
- Subject 1: 34% (with GaitSpot worn all day + reinforcement) not completing all treatment’s phases
- Subject 2: 3.16% (generalization probe without GaitSpot + walking) completing all treatment’s phases
- Subject 3: 4.6% (with GaitSpot + reinforcement) not completing all treatment’s phases due to an injury 
	NO
	“The results show an efficacy of the combination of the habit reversal technique with the use of GaitSpot devices in reducing TW in the three subjects with ASD examined” 

	2. Persicke et al. (2014)

	Average percentage of correct steps in the initial session in about 6m distance:
24.6% (range 0-100%)

	Correction only phase with slight pressure on shoulders when exibited TW: 63.6% average (range 20-100%) of correct steps.
Correction + TAGteach phase: 90.5% average (range 73-100%) of correct steps.
Correction + TAGteach phase +  2 generalization probe: 73% average (range 73–100 %) of correct steps.
	NO
	“Greater effectiveness in the association TAGteach + manual correction compared to manual correction alone in reducing TW in a subject with TW and ASD”

	3. Barkocy et al. (2017)

	- Functional Mobility Scale: 4
- Observational Gait Scale: right=9/22; left=9/22

Gait analysis: 
- Manteinance of plantar flexion in all gait cycle’s phases.
- Reduction of stride and step’s length bilaterally compared to physiology.   
- Increased cadence and walking speed, compared to physiology. 

- Passive ankle dorsiflexion ROM  
right: -18°; left: -23°.
	- Functional Mobility Scale: 5
- Observational Gait Scale: right=20/22; left=22/22

Gait analysis: 
- Reduction of plantar flexion in all gait cycle’s phases bilaterally.
- Increased stride and step’s length
- Reduction of cadence and walking speed.



- Passive ankle dorsiflexion ROM:
right: - 8°; left: -6°.
	2 years follow up (documented only with photos): 
- Consistent heel-toe gait pattern both with and without AFOs,
- improved standing balance documented with photos)

	“The results show efficacy in the use of serial casting in reducing TW in a subject with ASD, maintaining the effects even after 2 years”


	4. Hodges et al. (2018)

	Percentage of tip toe steps in the initial evaluation:
- 100 steps path: average of 51% (clinic) and 98% (community)
- 500 steps path: 100% both in clinic and community.
-1000 steps path: not evaluated. 
	Percentage of tip toe steps in the final evaluation:
- 100 steps path (wristband on for all session): average 0% in both clinic and community;
- 500 steps path with wristband on for all session: 0% both clinic and community
- 1000 steps path: evaluated by mother. Wristband on: 0.01% tip toe steps (clinic); 0.03% (community)
	NO
	[bookmark: _heading=h.17dp8vu]“The results suggest that the use of a wristband was effective in reducing TW in 1 subject with ASD.”


	
5. Hodges et al. (2019)

	- Initial evaluation: 57% correct steps 100 step sessions
	Generalization: 100% correct steps
	NO
	“Effectiveness of acoustical feedback in reducing TW in a child with ASD”

	6. Wilder et al., 2020
	Percentage of tip toe steps in the initial evaluation:

- Subject1: 81% (100 steps)
- Subject 2: 98%
- Subject 3: 98%
	Percentage of tip toe steps in the final evaluation: Subject 1: 
15% (100 steps –mother); 6.7% (1000 steps – different setting).
- Subject 3: 
1% (100 steps – different examiner); 2.4% (1000 steps – different setting).
- Subject 2: due to an unexpected event, subject 2 concluded the study in the changing in intervention phase with FR-10 with an average of 5% of tip toe steps
	NO
	“The GaitSpot device has proven effective in reducing toe walking in the 3 participants with ASD”

	7. Kratz (2020)

	Standing on the toes (documented by photos)

Walking on the toes (documented by photos)

PEDI (mobility subsection): 52/59
	Standing with full foot contact (documented by photos)

Walking with full foot contact (documented by photos)

PEDI (mobility subsection): 52/59
	1 year follow up:
Standing with full foot contact (documented by photos)
Walking with full foot contact (documented by photos)
(N.B. Other treatments were performed between first treatment and follow-up)
	“Effectiveness of lymphatic drainage in reducing TW in a subject with ASD, maintaining results even after 1 year”

	8. Shaw & Soto-Garcia (2021)
	
“Walking on the toes” (reported by the author)


“Likelihood of falling downstairs” (reported by the patient's mother)

	“Slight reduction in the toe-off phase of the gait cycle with more emphasize on the heel strike” (reported by the author)

“More comfort with going downstairs” (reported by the patient and his mother)
	NO
	“The application of primitive reflex examination and integration exercises into a treatment model could provide benefits to clinicians and this patient population”

	9. Barkocy et al. (2021)
	Passive ankle dorsiflexion ROM:
· subject 1: - 14° R, -30° L
· subject 2: 0° R, 0° L (measured from photograph for adverse events)
· subject 3: -24° R, -26° L
· subject 4: -5° R, -5° L
· subject 5: -27° R, -15° L
	Functional Mobility Scale scores: remained the same for participants 1 to 4; participant 5 improved from a 5 (independent walking on level surfaces) to 6 (independent walking on unlevel surfaces) following SC plus AFO use.
Patient Specific Function Scale scores increased (range: 1-6 points) in participants 2 to 5. In participant 1, an improvement of 1 point occurred in walking with normal pace, but scores remained the same for the other 2 goals listed.

Passive ankle dorsiflexion ROM:
· subject 1: +5° R, + 5° L
· subject 2: 10° R, 10° L (measured from photograph for adverse events)
· subject 3: +3° R, -7° L
· subject 4: 0° R, 0° L
· subject 5: +2° R, 0° L
	NO
	“Serial casting, followed by AFOs in this proof of concept study, was found to be effective to reduce TW and improve parent-reported functional outcomes”


In the results column, we reported the results as described by each study authors. PEDI= Pediatric Evaluation of Disability Inventory scale. ROM=range of movement. AFO=ankle foot orthoses. SC=serial casting


