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Effect of low intensity ultra sound on bone regeneration
and healing: a systematic review
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ABSTRACT

Objective: Low Intensity Pulsed Ultra Sound (LIPUS) is found to have stimulatory effect on bone healing and regeneration. This review
aimed to assess whether LIPUS enhances bone regeneration and healing in terms of efficiency in improving clinical, radiographic,
histologic parameters or serum and tissue biomarkers. Methods: A comprehensive search based on PRISMA guidelines with pre-determined
eligibility criteria was conducted to identify randomized controlled clinical trials evaluating effectiveness of Low intensity pulsed
ultrasound in bone regeneration and healing. The title and abstract of the entries in all languages yielded from the PubMed, Google
scholar and Cochrane library were screened. Results: 14 eligible Randomized controlled trials testing the effectiveness of LIPUS was
evaluated. More heterogeneity was seen in the screened studies with respect to sample characteristics, type of bone and outcome
measures. The studies that screened histological parameters state that LIPUS is significantly beneficial than control. In terms of time for
radiographic union, most of the studies stated that LIPUS was more effective than control but numberof studies are very few. Whereas
studies which evaluated parameters such as healing time and radiographic union were showing highly inconsistent results regarding
effectiveness of LIPUS. Conclusion: This review cannot give a definitive conclusion that LIPUS is effective in bone healing with respect
to clinical parameters but a positive influence on radiographical and histological parameters in bone healing and regeneration is
promising to pursue future research.

Indexing terms: Bone healing. Bone regeneration. Low intensity pulsed ultrasound. LIPUS.

INTRODUCTION

Healing of any bone defect is a complex process requiring the recruitment of the appropriate cells and expression
of the appropriate genes at the right time in the right place. Healing facilitated by bone regeneration is a complex,
physiological process of bone formation, which can be seen during normal fracture healing, and is involved in continuous
remodeling throughout life [1]. It is modulated in response to external stimuli, such as growth factors, hormones, and
mechanical forces [2,3]. There are number of approaches that stimulate bone-regeneration process, like treatment
with free vascularized graft, autogenous bone graft, allograft implantation, growth factors, osteoconductive scaffolds,
osteoprogenitor cells and distraction osteogenesis [4].

Since clinical introduction in the 1950s, ultrasound at intensities ranging from 1 to 50 mW/cm? has been
demonstrated to be osteogenic, chondrogenic, and angiogenic, thus accelerating skeletal healing in animal [5] and
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human clinical studies. Low Intensity Pulsed Ultra Sound(LIPUS ) (30 - 100 mW/cm? of intensity) is an acoustic radiation
that can be transmitted into the living tissues as pressure waves resulting in biochemical events at the cellular level. In
vitro, LIPUS is very well known to stimulate bone and cartilage cells, showing that they exert direct anabolic effects
such as production of growth factors and other signaling molecules, extra cellular matrix production and osteogenic
differentiation [6]. In essence, ultrasound provides an optimal biological and biophysical environment promoting skeletal
maintenance and repair [7,8].

Therapeutic application of LIPUS can promote bone repair and regeneration, enhance osteogenesis at the
distraction site and accelerate bone fracture healing [9]. A study by Tanzer et al. showed that LIPUS influenced the
extent and rate of bone growth in a positive way in a femoral bone of dog [10, 11]. Ustun et al. reported that the area,
bone volume and bone-implant contact ratio values were increased by LIPUS stimulation in tibia, suggesting that LIPUS
application may promote bone healing around dental implants [11]. Also, Hsu et al. demonstrated in vivo that blood
flow and mature collagen fibers were more prevalent around titanium implants, and bone formation was accelerated by
ultrasound stimulation.

Therefore, the aim of this review was to critically analyze the available scientific work regarding the effects of
Low-Intensity Pulsed Ultra Sound (LIPUS) on stimulating bone regeneration and bone healing in humans.

METHODS

A nonregistered protocol was prepared based on PRISMA guidelines prior to the start of the literature search with
a structured question; Does LIPUS facilitate bone regeneration and healing in improving clinical, radiographic, histologic
parameters or serum and tissue biomarkers in humans?

The following PICO strategy was used in the literature search.

PICO (Population, Intervention, Comparison, and Outcomes)

e P — Patients undergoing treatment for any bone fracture or deformities
e | —LIPUS
e C - Placebo, no treatment, or only conventional treatment

e O - Clinical, Radiographic, Histologic parameter and serum or tissue biomarkers which reflect bone healing or
regeneration
The outcomes of interest included in this systematic review were

e Clinical: Time for fracture healing, treatment period, fixator gestation period, resumption of activities, etc.;

¢ Radiographic: Time to radiographic union, Changes in gap area, bone mineral density, radiographic union,
callus formation;

e Histological: evidence of new bone formation and characteristics of different tissue compartments;

e Serum or tissue biomarkers, example: alkaline phosphatase, osteocalcin, osteonectin, etc.

Literature search protocol

Publications of interest within the scope of this focused systematic review was searched in
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e The electronic database National Library of Medicine (MEDLINE/PubMed)
e Google scholar
e Cochrane library

No restriction regarding publication type and publication date or language was set.

Article eligibility criteria

Inclusion criteria

e Articles reporting original human clinical trials on the topic of LIPUS on bone regeneration or bone healing in
all languages.

 No restrictions were placed based on the age, population.

e Studies having at least one control group and one experimental group that involved the application of a LIPUS.

Exclusion criteria

e Studies with sample size less than N=6

e Studies were LIPUS was used less than 10 days.

e Studies involving patients with osteoarthritis or acute infection, pathological fracture

e Studies that analyze the effect of LIPUS with any other bioresorbable screw fixation or grafts
e Studies in which statistical analyses was not done to compare the difference.

The initial search yielded 1468 entries in PubMed database, Google scholar and Cochrane library. Excluding
all animal studies, case series, case reports, systematic review and duplicate studies, 236 articles were human clinical
trials. Out of this, the total number of articles selected after reviewing the titles and abstracts was 16. Two articles were
excluded after full-text review. A final selection of 14 human clinical trials was made. Two independent reviewers (RV&
SV) independently carried out the article selection. All the 14 articles were those in which any of the clinical, intra surgical,
radiological and histological parameters were compared with LIPUS to a control or placebo device in humans with any
bone defects (figure 1).

Data extraction

The data of the selected studies was extracted using standardized abstraction tables. Information extracted from
each study included the following (table 1 and 2).

1) Title 2) Author and year
3) Study design 4) Duration 5) Groups 6) Sample size 7) Sample characteristics
8) Patient consent 9) Ethical committee approval 10) Sample size calculation

11) Randomization 12) Blinding 13) Outcome measures 14) LIPUS characteristics 15) Types of statistical methods
used 16) Mean & SD or Mean difference or Hazard ratio 17) pvalue 18) Inference
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Pubmed database N = 235 Google Scholar N = 1090

Cochrane Library N = 143

Total Entries N = 1468

Animal studies, cohort studies, case
SCrics, Case reports, systematic reviews,
descriptive reviews, editorials and E
duplicates excluded N = 1232

4

Human Clinical trials screened N = 236

Articles excluded based on title and &

abstract, N = 220

Full articles screened N = 16

>

Articles excluded based on content after
full text review N =2

Y

Full selection N = 14

Figure 1. Search Process and article selection.

RESULTS

Fourteen eligible clinical trials testing the effectiveness of LIPUS were evaluated and study characteristics
were tabulated (tableland 2). Among the 14 studies seven studies evaluated effect of LIPUS on fresh fractures
[12,15,19,21,23,24,26] two each on delayed or non-unions[19,20] and distraction osteogenesis [13,16], and one each
on osteotomies [14], stress fractures [22] and sinus lift [17]. Included studies also showed variability in the type of bone
they have evaluated which included lower limb [13,22], fibula [20], tibia [16,18,21,23,26], scaphoid [24], clavicle [12],
ulna [14], radius [15,19]. There was also one study that used LIPUS therapy after maxillary sinus lift [17]. In all the studies
except one [17] the characteristics of the LIPUS used were similar. The Spatial Average Temporal Average (SATA) intensity
was 30mW/cm3, frequency was1.5MHz and pulse duration was 200 micro seconds. In the study by Kim et al. [17] SATA
intensity was 240mW/cm3 and frequency was 3MHz. Due to the heterogeneity between the included studies with
respect to sample characteristics and outcome measures, meta-analysis was not performed instead a qualitative synthesis

of results were made (table 3).

4 RGO, Rev Gauch Odontol. 2022;70:€20220051




Effect of LIPUS on bone regeneration and healing

|IN - SJax/ewolg

IN — [e2160]01SIH

uolun [e3)S0pu3 0} BWI|'Z
uoiun [ed140)

o} awi]’| —[ed16ojoipey

Spu0das

0d1WQQZ-UoneINp 3s|nd

vL=¢
dnoio ‘gl =
dnoio /7 =N
sSndin
+ Awoyo3150
Buluapioys
|eipel 1o
Jeun (dnoib
153]) - z dnoin
Awoyo8150

Buluapioys

buiuanioys
2U0g WIe3I04 ISy

$31IS AW0109150

ZHING L -Aouanbaily [eIpey 10 Jeujn el [ea1up 1e BuijesH auog
81025 1SUM Ajuo (dnoib pleoq paziwopuey uo punoses}jn
OABIN| PAIJIPOIA [B10] “| cun jonuod) - | Awo)08150 M3IABI [PUOINISUI (wa1sAs uana-ppO) papul|q sem ‘anuadNINN €102 ‘[r1] pasind Ausuaiu
1581} paiiedun JMUWOE ANSURIUI VIS dnoig buuarioys Jeujn pawiofiad 1e20] Aq panoiddy pauielqo sypuow 9 pasiwopuey Jojobnsanul aniadsoud v ‘e 18 ewn -MO7 JO 12313 €
IIN - Siyiewolg 91 =z dnoin
IN — [e2160]01SIH 0z = | dnoin
IN - [ed160j0IpeY 9e=N
x3pul Sndi
UOI1ePI[OSUOD UONdRASI '€ + SIS9Ua603)SO
uondensip [elIL pajjo1u0D
‘(xapul A3|ed) Spu0das (dnoub 1591) paziwopuey
Buijeay auoq 0} awi| 7 0dIWQQZ-uoeINp asind -z dnoin ‘an1ads0ld
Auo :5158U8603150
(pouad uawieai) ZHNG' | -fousnbalg SIS9UH03ISO uonpensig buung
pouad uonelssb Jojexid “| uondensip quui| Jamoj (pauonuaw [el} [01U0D 1102 Jueanlpy [njasn
gun (dnoub jo1u02) 10 sisauaboalso pauonuaw pauonuaw sypuow 10N — POYIBIA) pasiwopuey ‘€1l e e se punosel|n
— (e 15911 JNWOE AUSURIUI VIVS -1 dnoin uondensiq 10N pauonuaw JoN 10N 81 paziwopuey Guipuiq oN ‘anndadsoud v 1 eppna pasind Alsuaiuj-mo z
76 =z dnoiy
6t = | dnoin
LOL=N
uonejnwns
IN - si2iewolg SNdIT yum
IN — [e2160]01SIH Jadnpsues;
IN - [e2160]0IpRY ANy (dnoib
S3IHIANDE ployasnoy 1591)- dnoio
pue [euoissajoid “pods Jo Spu0dBS
uondwnsay ‘SJUBAS ASIBAPY 159) alenbs 0d1WQQZ-uoleINpng uone|nwins paziwopuel puljq
‘31035 SYA ‘abesn Jajjiyured “1yD uosIead 3y} SNdIT oYM 3|gnop anusd-NjNW
‘uondadiad sjuaned ayy pue 1s81-} s,1uspnis ZHNG' L -Aousnbalq Jadnpsuely V :Sain1del) apine
01 Buipsodde (Buljeay) ay) buisn pazAjeue ogade|d (dnoib 9911IWWO0d (uonesiwopues 104 8007 ysalj ul (SNdi)
uoI1epI|OSU0d ain}dely asom sdnoib gun |01u0d)-| |ea1y1a [edipawt 30|g) papullg papulq ajgnop ‘[z1] e punosesyn pasind
- [ea1uid USMI3Q SDUIBYIA  /MUWOEANSUBIUI V1S dnoig andely APIARP Ysalq pauLIoad |£207 Aq panoiddy pauielqo syuow 7 paziwopuey a|gnog anuad NN 19 Jagn Ausuarui-mo L
pasn azIs a|dwes uone|ndod uone|najed fenoidde 1UasU0D Jeah pue OoN
S2INSeal sWodIN0O poyiaw [eonsnels  $J1saus1da1yd SNdI sdnoio sidwes o aimen 215 ajduwes 9311IWW0d wusneg uoneing uones-lwopuey Buipuilg ubisap Apnis Loyiny JLIL <
Jo sadA| 1e21yi3

viol

“ABOjOPOYIdW -S3IPNIS PIPN|PUL B} JO SINSLSIRIEYD “| d|qeL

70:€20220051

RGO, Rev Gauch Odontol. 2022



RADHA V & SS VARGHESE

Jendaqeuy Ajies Spuodas (dwayds |euy [es1up punoses|n Ausuaiu)

01 aundely JdYje Wil “| 021WQOZ-UoneINp 3snd SNl Ay uonesiwopuel paziwopuey -M0T 21J123ds Jo asn
- [ed1Bojoipey ZHING' L -Aouanbaiy -1s9] - z dnoin pieog Mainay pajesauab ‘papui|q a|gnop 1661 3y} YM SsaInydely
Buijeay g ogade|d — pauonuaw jeuonnnsul J19ndwod) papullg ‘anuadnINN LAREAE] snipey [e1siq Jo
auo0q 0} AWl — [edIUID VAONY JMWOE AUSURIUI VIYS  [0uod - | dnoin  ainjoely [elpes [eisig 10N Aq panoiddy pauielqo syjuow pasiwiopuey a|gnoq anndadsoid v uasuensy  Buljeay paless|edy 8
0§ =z dnoig |eu1 pajjonuod
- SI9xlew 1 = | dnoio -Weys paziuiopues
|IN — [e2160]03SIH 10L=N e JO synsal
a5 ainjoely 159-] 9|dwies om) — Spuodas SNdIN 9APY (dwayds :punosesnn pasind
ayrie eary deo 'z S$9|qBLIEA SNONUNUOD  0JIWQOZ-UoneINp asind  — 153 — z dnoio uonesiwopuel Auisus)ui-mo yim
‘Aisusq [esaulln Buog “| 159) alenbs ZHING' L -Aouanbaiy (SNdI aAndeu|) pajesauab |eu [ed1up olLoz eIq Y1 JO suolun
— [ea160joIpeYy -1yD - suonuodoid SNdIT weys — sainel) pauonuaw J9mndwod) paziwopuey [EPRLRE] pake|ap ul asuodsal
IIN - [e21U1D ‘aledwod o jo1u0d - | dnoin [eiqn. pakejaq 10N panoddy pauielqo syluow pasiwiopuey papullg ‘anuadnN JOCIBS Buijeay panoidu| L
IN - Si93ew
¥ =153
|eL1ew ¥ = |01U0D
payelb buiurewsy ‘¢ 159) Mued oS
'au0q Mau paubis UOXOD|IA Bunyy snuis g =N |endsoH 11| snuis
Jo sishjeue aaneuend ‘| ay] - dnoib (pea SNdIT + 11| snuis [eIUBQANISIAAIUN u uonesauabal
- sishjeue 10} SWIN|OA [eLISIEW pauonusw (1s31) - z dnoun jooyueq 1e 2U0q UO 19343
Su1awWoydiowolsiH payjelb pue awn|on 10N -uoieinp asjnd Buny snuis pieog Mainay (pauonuaw punosein pasind
N — [ed160]01peY auoq mau abesane ZHIN €-Aouanbaiy Ajuo (jonuod) pauonusw jeuonnnsul pauonusuw JON — POYI3IA) pauonuau e} pajjuod 010z '1£1] Aysusiui-moj jo
IIN = [e1u1]> ay) asedwod o MUWORZ-ASuaIul V1S - | dnoig 1I| snuis 10N Aq panoiddy 10N syuow g pasiwopuey 10N paziwopuey RERERVIN uoien|eas 160|01sIH 9
IN - SI93JewWol
N — [e2160]01SIH
|IN - [e2160]0IpRY
auwiely oy}
JO [EAOWISI O BN} BY)
buioajje sareuerod sdnoub ayy 7€ = z dnoln
X3pul U39M13( S3|qeLIeA o€ = | dnoig 5I59U3603150
uoneinew sesausbay '€ SNOWOIOYIP S5asse SpuU0dIS 29 =N (dwayds uondensip Aq
‘uoieinjew 0} pasenbs-iyd e 0d1WQQZ-uoneINp asind SNdIN 9ADY uonesiuiopues Buijeay auoq
91e1uabal 0y awi| 7 pue s3|qeLien Jeaul| ZHING' L -Aouanbalq —159] - z dnouny pajelausb 108 /107 dUIN|UI JOU SB0P
yibua| uondensiq Ssasse 01 1591 N gun ogade|d — quui] JO SIsauab0aIso J9ndwoD) papullg papuijg a|gnop ‘91] e 19 punosein pasind
L - [ Asunym-uuey /MUWOEARISURIUI YIVS  [07u0d - | dnoi uondensiq pauioad pauonuaw 10N pauielqo syjuow 9 pasiwiopuey 3|gnoq anud NN uosdwis Aususiur-mon S
Ly =z dnoio
1581 AsulIyAn uuepy ot = Ldnoin
— S3|qeLIeA [RUIPIO L8=N
JO uonngIsIp SNdIT + 1582 yum
aledwod o uonesijigoww|
15311 (dnoio 1s3))
IN - Sidsewolg JUapNIS — S3|qeren -z dnoig Apmis
|IN = [e2160|0ISIH SNONURUOD JO Spuodas |0AU0D v Snipe)
[9na] £316 8y} Jo oney | sueaw asedwod O]  0JIWQQOZ-UONEINP 3S|Nd AJuo 1583 yum |evdsoy [e1sIp aY3 Jo Buijeay
— |edibojoipey 159) asenbs ZHING' L-Aouanbaiy uones!|Iqouww| buenbnys jo (3191 Jaquinu ainyoel) buneisjedde
aui Buljeay “| -1yD — s9|qelien gun (jou0D) pauonuaw 991D SJIY1] wopuey YHAN) papullq sem |eLy [ed1up 10z ‘[SL] J10J JuBWEAN)
— oD Aieuq asedwod of JMWOE AU VIVS - | dnoig ainydely snipel e1sig 10N Aq panoiddy paureiqo syuow 7 pasiwiopuey 101061159AU| paziwopuey ‘le19nn punosen|n I
pasn poyiaw azis a|duwies uonendod uone[ndje |eroidde 1U3sU0D 1eak ON
S2INSeaW BWO2INO SD11524910844D SNl uoneing uoies-iwopuey Buipuig ubisap Apnis UL
[eansness J0 sadAl sdnoin 3|dues jo ainjen azis ajduwies 991)IWWOD [e21413 jusned pue Joyiny S

740¢
“ABOjOPOYIdW -S3IPNIS PIPN|PUL B} JO SINSLSIRIEYD “| d|qeL

70:€20220051

RGO, Rev Gauch Odontol. 2022



Effect of LIPUS on bone regeneration and healing

aseleydsoyd auley|y
1j10ads auoq ewseld ul
abueypd abejuadiagd ‘¢
JUS1UOD [BIBUIW BUOG

ul abueypd abejuadiad |
- s1aylewolg
|IN — [e2160[03SIH
snjje> paiyl
Jo @dueleadde o} awi| ‘€
snj[ed> puodas
Jo @dueleadde o) awi| Z
s

12 1511}
Jo @ueleadde oy awi| *|
— |ed16ojoipey

3s93-n Asunym
uuel -sishjeue 41y
pue U3U0D Ul

J101eXI} [PUIRIXD auoq Joj sdnoib 91 =z dnoin
3y} arowWal 0} 3wl “p U33M]3Q S3UIBYIP ¥l = | dnoin
Burieaq 3y aledwod o 0E=N
1yBram nj Lels o} awl] ‘€ 1591 1 5JUpN1S SNl 9ADY — Buoy6uoH
bunieaq jybram — SUBISSaSSe Spuodas 1531 — 7 dnoi Jo Ajisianun punosein pasind
|ened 1ie3s 0y awi] 7 |ed1bojolpes pue 02IWQQZ-uoneinp asing (sndin asaulyDd 8yl Jo |eL [eoiuip Ausuaiul-moT yum
ssaulapual jo acueseaddesip |ed1ulp ayy uo sdno.b ZHNG' | -fousnbalg anndeu|) SNdi 9311WIWOD SDIY1S pajjosjuod Juawieal) buimoyoy
ayrorawi] ‘| U9M]9( SBOUIIIYIP cun weys — |00 ainpely p1easaY [ediulD papullg papuig €002 ‘[12) S3WODINO aIN}Iely
3y} asedwod of JMWOE AUSURIUN YIVS - | dnoin xa|dwod pauLoyad Aq panoiddy pauielqo syow 6 pauonual JON a|gnog a|gnopy ‘e 19 bunal leiqiL xaduwiod oL
IIN - s19xJewolg
@WW 10°0)
B3Je 3NSSI} Pasi|esauiul
Jad $91£02150 JO "ON "8
(cww)
©ale aNssi) PasijesauIu
J3d $}5B2033S0 4O "ON "/
(heppurt)
a1eJ uonjsodde [eJaulln 9 enqyy
SSAUNPIYL PIO3ISO G PaZIW0108)S0 BY} JO
BWIN|OA PI031SO JANBJRY “t7 uolun pakejap e yim
AUIN|OA PIOBISO BIN|OSAY "€ £ =g dnoin syuaned ur Buljeay
SWN[OA PasijeIAUIN 7 9= dnoig aun1del} Jo eale ayy
aWIN|OA ANss1} €L=N 191U [edIPaW |euy [es1ui ul a1el uoisodde
[e301 JO BWINjOA 3uog'| Spu0dBS SNdIT ALY — JBUsIBAIUN (dwayds pajjosuod |eJauiw pue
- sishjeue odlwpQz-uoneINp asind  1sal -  dnoig alua sy} Jo uonesiuopuel ogade|d SSAUILL PIO3ISO
Su13wWoydiowolsiH ZHING' L-Aouanbaily ogade|d pieog mainay pajesausb puiq 3|gnop 8002 ‘3WN|OA 3U0q
IN — [ed160]01pRY 1591-] Juepuadapul cun — [onuod - | €[Nl PIZILIOI03ISO pauonuaw [e21413 [eJIpaIN J19ndwoD) papullg annpadsosd ‘lo7] e S3SEAIUI PUNOSEILN
|IN — [e21u1)> 5UapN1S JNWOE ANSUSIUIN VIVS dnoig Jo uoiun pafejeq 10N Aq panoiddy paulelqo sypuow g pasiwopuey 3|gnog pasiwopuel v/ 19 usnny pasind Asuajul mo 6
IIN - s19xJewolg
IIN — [e2160[01s1H
buibpiq [edn10d 0€ = z dnoin
0} aIndely JaYje Wil ‘7 Lg = | dnoig
Buieay 19=N 8
pasn poylaw azis a|duwies uonejndod uone[ndje |eroidde 1U35U0D 1eak ON
S3INSEAW BWOINO SD11sa19124YD SNdIT uoneing uoies-iwopuey Buipuig ubisap Apms UL
[ednsness o sadAL sdnoin 3|dwes jo aimen azis sjduies 991IWWOD [ed1Y13 jusned pue Joyiny ES

vioe

“ABOjOPOYIBW -S3IPNIS PIPN|PUL B} JO SINSLIRIEYD “|L d|qeL

70:€20220051

RGO, Rev Gauch Odontol. 2022



RADHA V & SS VARGHESE

0tz = z dnoin

Lyz = | dnoig leu
87 =N |ed1ulD pasiwopuey
SpuodaS SNdIM 9ADY — lewy [ea1uip 1 (1SNYL) saunidely
N - [e2160j01sIH odlwpQz-uonenp asind 13l - z dnoig ‘pajjo1uod [e1q1} JO JudWIeas}
IN [e2160j01peY ZHING' L-Aouanbaily ogadeld weys ‘papuiq ur punosesn
3105 XapUI SAIU|IN U}eaH spiezey cun — |onuod - | (uonesiwopuey ‘pasiwiopues 910z ‘szl pasind Ausuaiul moj
$Dd 9€ - 4S - [ea1UID jeuoniodoid o0 JMWOE AUSURIUI VIVS dnoig ainjoely [eiqiL pauLIoyad panoiddy pauielqo syuow €1 320|g) pasiwiopuey papullg ‘1B1UDNINW |e 19 3ssng JO uonen|eAs-3Y I
Gl =gz dnoio
N - [e2160|01SIH Gl = | dnoin
IN — [ed160j0IpEY Spu0daS 0€E=N
9% ul buibpuq odIWQQZ-UoNeINP 3sind  SNdIT dADY — ¢sainyely pioydeds
Je|ndagell — [ed16ojolpey ZHING' L-Aouanbaily 159 - Z dnoun (101es3uab Jo Buijeay paads
Buijeay ainyoeuy 0} awi| cun |013u0> pauonuaw Jaquinu wopuey) |} pajjonuod 0002 [¢72] punosen pasind
— [edn> 1591 N ASUNYA UL /AMWIOE ANISURIUN V1VS - | dnoin ainpeyy pioydeds pauLIoyad pauonuaw JoN 10N syuow g-| pasiwiopuey papullg pasiwopuey v REREPLENY] ‘Aisusiul mo1 $30Q €1l
N — siaieuolg g€ =z dnoio
IIN = [e3160]01s1H
Buijesy [esisopu3 'z € = | dnoio el [ea1uip
buibpuq /9=N pasiwopuel
[e2140D | — [edibojoipey Spu0dBS SNdIM Y — ‘pajjosuod punosenn
1583 83U} JO odlwpQz-uoneINp asind 13l - ¢ dnoig 158> ogade|d pasind Ajsuajul-moy
UOIeNUIUOSIP 0} dWiI] 7 ZHING' L-Aousanbaiy ogade|d uonesijiqouwwi pue (3p0> pajessusb ‘papullq 3|gnop 7661 ‘aniseAul-uou Aq
Buijeay cun — [onuod - | UoI1INP3I PISO YUM pau J9ndwoD) papullg ‘annpadsoud ‘l€7) e 19 Buijeay-ainely
[e21UI> O} BWI] “| — [e1ulD VAONY JNMWOE ANSUSIUI VIVS dnoig 3IN1de1 JO JUBWIRS] 10N pauonuaw 10N pauielqo sypuow g, pasiwopuey 3|gnog ‘IRIUBdINW UUBWBPIH  [eIqn jo uonesdEY 7l
N — siaieuolg
IIN = [e3160[01s1H
azIs ewapa ul sbuey) 7
apelb [y u abueyd |
— [ea16ojoipey
led buiuuny
Jo shep onewoydwAs "9
SSaUIAPUBL
Jo shep onewoydwAs g
buiddoy yum ured
Jo shep onewoydwAs 0l =z dnoin
uted bumis €1 = | dnoio
Jo shep onewoydwAs "¢ €Z=N |aued |el} pa|jos1u0D
uted Bunjiepn Spuodas SNdIT 9ADY — K0sInpY SII412 |eL) pajjonuod paziwopuey v
Jo shep onewoydwAs "z 021WQQZ-uoneInp asing 153 - z dnoin ydJeasay uewny ogade(d :saunluy ssans
uted 1YBIN ogadeld S3IBA YINOS MaN ‘papui|q a|gnop au0q quuI| Jamoj ul
10 skep dnewodwiAs | ZHING' L-Aouanbaidgwd —|onuod - | 1o Ausianun ayy 10U — POYIBN) papuljg ‘pasiwiopues v10z '[ezl punosesyn pasind
- ey YAONY JNUWOE AUSUR1UI VIYS dnoin Kinfur ssauys auog Aq panoiddy paulelgo syuow € pasiwopuey Ellealelq] ‘anipadsoud ‘le 19 uen Aysuaiul-mo i
pasn poyiaw azis 3|dwies uonejndod uone[nojed |eroidde JUasuU0D 1eak ON
S2INSEAW BWOINO sa1$81932214 ) SNdIN uoneing uones-iwopuey Buipulig ubisap Apms I7LIL
|e2nSneIs 10 sadAL sdnoin a|dues Jo ainjen azis ajduwies 99111WWOD (113 ualled pue Joyiny ES

vioy

“ABOjOPOYIBW -S3IPNIS PIPN|PUL B} JO SINSLIRIEYD “|L d|qeL

70:€20220051

RGO, Rev Gauch Odontol. 2022



Effect of LIPUS on bone regeneration and healing

shep L1 LzL 3seL
skep € ¥ gyl uoiun
6100 jonuod

|eajsopu3 0} aul|

skep 01 ¥ £ 153l
skep 9z ¥ /1 uolun
100 |04u0>

[B21140D) O} BWI |

Buiuaioys auog
WlIealod JByy

‘(pauonuaw sa1S AW0109150
10U anjen d) ‘UIBYIP 9¢ 1e buijesH auog
6uijeay auoq o} awiy DUIRYIP Juedyiubis 1591 uo punosely|n
UO 2dUBNJJUI [BPIBUSY [ednsiels ww gz 1S9l Ajjednsnels on e 2105 €102 '[vl] pasind Ausuaiu)
sey Adesaur SNdIN YL - - N - - TN oN ww 9z [0U0D uolun diydesboipey |oNu0D 11N OABIA] PAIJIPOA [e10L [e19 BN -MoT JO 13y ‘€
wd
pLel
F87€E (Wd/p) SIBIBWINUDD
153 WD ul azis deb uoiensip ayy
/P 897 190 shep ur awi} uonelsab
Fohy 103exi Jo oljel ayy)
9110 [o13u0D X3pul UOIepIOSU0d UoNeNSIq
wd
/oW vi'0
FlL
1S9 (si238WIUD
wd/ ow ur azis def uonoensip syl
680 J9A0 sypuow Ui pouad
Forl uoneysab Jojexiy Jo oney)
9110 jouoD xapul Aajed
[1L P3]|0UOD
skep paziwopuey
6167 'anadsold
981z Visisauaboalso
“Buljeay auoq 1591 uondensiq
0] Wi} Uo duaN|uIl buung jueanipy
juedyubis Ajleonsnels shep (pouad yuswyean) pousd 1102 |nyasn e se
Aue moys 10U pip 7292 uone}sab Jojexiy abesany ‘[€1) e punose|n pasind
SNdIT40 dsn syl - - 1IN - - 1IN - - 1IN - [03u0D 1@ eppng Aususiul-mo K4
100 yxard (skep) 1ods Jo uondwnsay
(sAep) yiom
8€°0 561 |euoissajod Jo uondwnsay
(sAep) saniande
910 98'C ployasnoy jo uonduwinsay
[B1} PaJ|011U0D
160 000 (Jaquinu) SIUBAS 3SISAPY paziLIopUE)
“sainpely puig a|gnop
1JBYS BPIAP JO Wi} 060 00 (SWA)21035 anbojeuy [ensip J3IUD-NNW v
Buijeay [edup ayy (skep SZ/SI9I0EY) SaIn)dely APIAR]D
@oU2N|jUI 10U PIP SN 990 ey sspiued 10 sequInN ysaiy ut (sndi)
3U} 18y pamoys 1Dy 8007 [zl]  punosenn pasind
Pa||03u02 Jussald 3y - - TN - - TN - - N 160 €€°0 (skep) Buijeay ainpely [e 19 uagn Aususyui-mo L
DUIRYIP
DUIIBYIP UL DUIIBYIP ULB DUIIBYIP ULB ueay
anjea d Jxlewolg  anjead [e2160]01SIH anjea d |ed1ydeiGoipey anjea 4 [ea1u1> 109k
ERCIE (10) @s  ueay (10) @s ¥ ueapy (10) @S F ueapy (10) @s T ou's
— pue Joyiny

s191aweled aWodINO

G0l

'S)NSal - SAIPNIS PIPN|PUL B} JO SINsIRIRYD T dqeL

70:€20220051

RGO, Rev Gauch Odontol. 2022



RADHA V & SS VARGHESE

ERIENT]S)
juedyiubis Ajleonsnels
pamoys sdnoub ayy
U93M)3] SUOQ PaULIO)
Amau jo sbejuadiad
3y "9dUIBHIP

Juedyiubis Ajleonsnels

%8TF

(eaue
painseaw
|30} 3y} 01
uodoud uy
2U0q pawLoy

Aimau jo ealy)

1| snuis
ul uonelssuabal

3U0Q U0 S23)43

MOYS 10U pIp [elLidlew 0'61 dnoub 153] auoq Mau punosesyn pasind
payyelb bulurewss %L EFTSL Jo sishjeue 010z [£1] Ayisua1ul-moy Jo
8y} Jo eale ay| - - TN 500> dnoib jonuod anneyuend - - TN - - TN ‘e wry uonen|ead 2160[01sIH 9
woyshep
LYTF 899
1S9 (uonoensip
w/skep 40 y1bua| Jano a1esauabal ayy
€/7F809  JO UONeINIeW O} 3WI JO Oney)
9770 |o1u0D X3pul uoijeinjew alelauabay
SIsauab021s0
uonpensip obiapun
oym syuaned ul
Buijeay auoq Jo ajes
3y} aduanjjul Jou
S0P )1 ‘@UBH 19
‘[INY ‘uoneiniew skep z'101
d)esauabal 0} swiy F9967 S1S9UaH03150
‘ybus| uondesnsiq oy 1591 uondensip Aq buijeay
UOI1e[3) Ul 3DUIIYIP skep €86 £10T 3u0q ddUINJUI J0U
JuedlIubIs [ednsnels FgEeee ‘a1elauabal [91] e 10 S90p punosenn
MOUYS 10U PIp SNdI1 - - N - - N - - TN ¥6€°0 |onuod 4O UOneIN}eW 0} 3wl uosduwis pasind Asusjui-mor S
buijeay
anely ay) djessjade
pue uonewIoy auog
asealnul pinod snd
18y} pa1edIpUI NSaL
Syl "pauanoys
Apuesyiubis sem dnoib
159} 8y} ul buijeay
[B21UI IO} W 3y
‘0s|y/ “aMIs [e30] 18
uoijeusoy auoq
ajowoud pjnod sndil skep 85'7 Apnis
2duay ‘dnoub jo1uod Fy0ZE |01U0D 7 "Snipel
ay} i 1eyy ueyy Jaybiy Ly1'07601"L 1591 e3sip au3 o Buijeay
Ajieonsneys sem dnoib dnouo 18] skep z1's ainyoeu) bunessEdde
1593 34} U1 Ayisusp 960°0%620°L [on3] A316 3y} FSLO0Y 102 ‘[SL] 10} JUaUILal
[ENVENCIENT] - - N - - TN 500> dnoio jonuod Jo oney abeiany 100> |onuod awn buijeay ‘o1 N punosen|n %
DUIBYIP
UL UL DUIIBYIP ULS DUIBYIP UL ueay
anjea 4 J9ylewolg  anjead [e2160]01SIH anjea 4 |ediydesGoipey anjea 4 [ea1u1> 109k
DU (10) @s ¥ uea (10) @s F uesy (10) @s F uesy (10) UL ou's
s = ueapy pue Joyiny
s191aweled aWodINO
§j07

'S)NSal - SAIPNIS PIPN|PUL B} JO SINsIRIRYD T dqeL

70:€20220051

RGO, Rev Gauch Odontol. 2022

10



Effect of LIPUS on bone regeneration and healing

wrlp'|L ¥ 691
153
wig L FGLL SSAUIYL
00 [ieh} plo81s0
% TEFEEL
1591
% CLFLEL 3WN|oA
160 [(ieh} PI03150 dAIe[RY
% LLFL9
2L einay
% v0FE BWN|OA PIO31SO paz1wi01083150 3y} Jo
oro 105109 niosqv uolun pake|ap e yum
% 6°€ F 9V siusied ul buijesy
sl alnpely Jo eale syl
“awnjoA auoq % 6TFSTE awnion ur ajes uonisodde
pue ‘a1e1 uonisodde voo 108u03 PosiesRuIN |esauiw pue
[BIRUIW ‘SSAUNDIYY. % SEF6TS SSAUIY} PIOB1SO
ploayso Buiseanur Aq 1591 awnjoa ‘awn|oA auoq
Buijeay ainpesy [@d1u % L'E FQ6E anssiy 10} JO 800¢ '[07] S3SEaIdUl pUNOSe} N
S9113]928 SN - - N 200 |o1u0D auinjop auog - - TN - - 1IN le12uanny  pasind Aysusiul Mo 6
shep
skep € ¥ /€ 159L buibpliq e300 0} vEw10 punosein Asuaiul
100°0> skep € ¥ zG [0AUOD  aunjdel) JaYje S| . 07 Syads 40 38
buijeay shep 1661 Y} YuMm saunioely
‘sainioely Jo Buijeay skep 7 ¥ L€ 1531 Jejndaqeuy Aies o} 79F86 ‘l61] e 19 snipey [e1siq Jo
Ay} sa1eu9[Re SN[ - - N - - N €00°0> skep € F € [0UOD  auNIdeU) JDYe BWIL 1000°0> [onuod Buijeay auoq o1 awi| uasuensuy Buijeay paressj@dy 8
NEE [Bl1} P3J|011U0d
CLO0FLELO- ¥saL als
Aisuap ww 000 aIn1del) Y1 18 ealy e pomopuel
[eJaUIL BUOQ pue ease e00 + Fso0'0- jonuon deo ur ssbueys € 40 synsal
deb auoq ul uononpal :punosesjn pasind
ueaw JO SWwa} ul NH L9°0% (80 Aususul-mo| yum
Ua9s sem Sndi1 Jo 159 oLoz eiqi Y3 Jo suojun
11j2uaq JuRdIUBIS NH 8€'0F £S0 ‘Aisuaq [essuI [8L] 219 pakejap ul asuodsal
- - N - - N 7100 jo1u0> auog ut sabuey> - - N 1240Lds Buijeay panoiduw L
(eale
painseaw
|e101 3y} O}
uoljodoud ul
pagosal Jou
ey senalew
payelb
%Y'EF Buiuiewsa jo
/07 dnoub 191 ealy) [euslew
%0TF8LT payeib
dnoib josu0d Buiueway 9
DUIBYIP
UL UL DUIIBYIP ULS DUIBYIP UL ueay
anjea 4 - J9ylewolg  anjead [e2160]01SIH anjea 4 |ediydesGoipey anjea 4 [ea1u1> 109k
ESEIENT (1o) @s ¥ uesy (10) @s F ueapy (10) @S F ueapy (10) UL ou'g
s * ueapy pue Joyiny
s191aweled aWodINO
Gj0¢

'S)NSal - SAIPNIS PIPN|PUL B} JO SINsIRIRYD T dqeL

70:€20220051

RGO, Rev Gauch Odontol. 2022



RADHA V & SS VARGHESE

buijeay skep z'91
3Y} Joj JuBWLIIeAI) 1591 auoq quil|
© se A 77 1590 apeib skep v | L ured ¥102 [z2] J9MO] Ul punoses|n
j0U S SNl - - N - - N 9.L°0 ¥'Z |onuod 4N Ul 3bueyd R jonuod YBIN jo skep dnewoiduwis RERENVEL) pasing Asusiul-mol n
EENY
BEF66
dnouo 191
EENY
S8FLLL
dnoin Jojexiy
ssereydsoyd 500> jo1uoD [BUIIX U} SAOWaI 0} SWI]
ey EENY
p—
J1yads Syeam 0'€ a_:nN:o WM
Leslel auoq ewsseld Fg'1L dnoio1saL snjjes paIyy EENY
SAeam e pauonusw uy abueyp syPam 1o dueleadde 0EFSGL Buneaq
S0°0>d 10U S pue ueajy 9bejuadag 500> 'y F 07 |01U0D o1 awi| 500> |os1u0D 1yb1am [|ny 1ie1s 0} WL
SEEY
TTFgE
1S3
SY9IM |7 F §'8159L snjjed> puodas [SEENY
EEIY 10 @dueleadde 8T7F LY buleaq
500> 6'CFG'ZL [0AU0D o} awi| 50°0< Jonuod 1yblom [eried 1iels 0} awi|
EEENY
L'Z* 19 punosesy|n pasind
1U31U0> ESEEIN 1591 AUSusIU-MOT yum
sainoel) uado 81'sL'9 |eJauiw auog 81FG9 1S3 snjjed SEENY Juawiean buimoy|ol
urbuiesy ainpesy  sxeam je pauonusw ur abueyd SEEI 1511 Jo adueleadde SEF6L SSaUIBPURY €002 [12] S9UI0DINO IN}Oel4
S3dUBYUD SNdIT S0°0>d 10U S pue uea 9bejuadiagd - - N 500> 77 §'6101U0D o} awi| 500> |011U0D 40 dueleaddesip ay o} auwi| |e 19 bunay [eiqiL xa|duwio oL
W
L0/ E0F S0 W 10°07)
1591 eale anssl
AW pasijesauIl
L00/8VF96 19d s31£009150
¥5°0 [osu0d jo "ON
(W
AW/E0F S0 /) e31e anssiy
1581 pasijesauil
AW/ 8y F 96 J3d 5158203150
4% jo1uod 40 "ON
(9=u)
feppurt zo* €7
153
(9=u) (Aepjwirl)
Repywrd |'0F 8L a1el uonisodde
¥0°0 [o1u0d [eIRUIN 6
DUIBYIP
DUIIBYIP ULB| DUIIBYIP ULS DUIBYIP UL uealy
anjen d Jadjsewolg anjea 4 [e2160]01SIH anjea 4 |edydeiGoipey anjea d [edrun> Jeak
dUIRU| (10) @s F ueay (10) @S F ueapy (10) @S ¥ ueay (10) EXITIE ou's
s = ueapy pue Joyiny
s1919Wweled aWodINQ
SJov

'S)NSal - SAIPNIS PIPN|PUL B} JO SINsIRIRYD T dqeL

70:€20220051

RGO, Rev Gauch Odontol. 2022

12



Effect of LIPUS on bone regeneration and healing

K197n023)
|euonouny 1o

e}
[eD1UI> pasiwopuey
*(LSNYL) seundesy

[e1q1) JO JuBUNea}

13

70:€20220051

RGO, Rev Gauch Odontol. 2022

70 100 $2100S X9pUI SN U1 [eaH
buijeay oiydesBoipels ul punosenn
a)eJajade 10U buijesy diyeib (3105 JusuOdwod 9107 [s2] pas|nd Ayisuajul moj
$30p SNdI - - TN - - N S50 L0'L olpe 0} awi| w70 S50 [e215AUd) S2d 9€ — 45 ‘|p 32 3ssng JO uonenjend-ay 7l
shep
60LFCEY
1591 ¢sainpedy proydeds
sainpel) % 0L FZ'18 158l skep 1o Buijeay paads
pioydeds jo buijeay % 67 F 9VS % Ul buibpuq 76LF29 0002 [¥2] punosesyn pasind
Sa1e13]9208 SN[ - - TN - - TN 500> jo5uoD Je|nagelt 100> |onuod Buijeay ainjoesy 0} il e 19 JAepy ‘Rususiu) mo1 s30Q €1l
(snj|e> [ealsopua
Aq pawioy Ajisuap
paseanul Jo auoz
e Aq juawade|dal
S| pue aul| skep
ainey a3y} jo SSF Y6
G8F/LLL uonesay|qo 1o 1S9l
1591 2dueseaddesip skep
6'€LF 91 |enpeio) 1'6 7071 1583 3U)
2000 jonuod |eay [eaysopu3 8000 jonuod eNURUOSIP 0} Wil
(UoneuLoy
snjjed Jo ynsai e
Se a)is aunelf ay} skep
1e X31I0D 3y} Jo 8'GF98 punosesnn
ssadoud Jiedal SLFYLL uondnuaiul ay} 159 pas|nd Aysuayul-mo|
aunjoel) [EWIOU 3y} 1591 Jo @dueleaddesip skep 661 ‘aniseaul-uou Aq
0 uoneI3[RIIE Y} 8'GlL F 8l |enpeio) 7oL F Ll ‘le7) e 1o Buijeay-ainydely
Ul aAIAYS S SNdI - - TN - - TN 20000 jo1uoD BuIbplq (811100 100 |01u0D) Buijeay [ediuld 0} awi] uuewdaH [BIq1} JO UONeIR[RIIY 4
skep g6/
¥sal
skep /7S ued
1080 [[NiVels} Buruuni jo skep dnewoldwAs
skep 7’85
IsaL
skep €05 SsauIapUaL
1060 [[NilVclp} 1o shep dnewordwAs
sep 0'ge
¥soL
€ BEETH azls skep 'L buiddoy
1220 I’y |onuod ewsapa ul abueyd 9/50 jo;u0D yum ured Jo shep dnewoydwAs
skep €9z
¥saL
skep 0'67 ured
LE60 |o1u0> Bumis Jo skep dnewoydwiAs
skep '€z
¥saL
skep 1'9z ured
1080 [[iVelp} Buryjep jo skep dnewordwAs m
DUIBYIP
DUIIYIP UBBN DUIIBYIP ULBN| DUIIBYIP ULI uealy
anjea d Jayj1ewolg anjea 4 [e2160]01SIH anjea d [ed1ydesBoipey anjea 4 [ea1u1> 109k
U (10) @s ¥ ueapy (10) @s F ueapy (10) @S F ueapy (10) EXITE ou's
s = ueapy pue Joyiny
sia)pwesed awodINQ
G406

'S)NSal - SAIPNIS PIPN|PUL B} JO SINsIRIRYD T dqeL



RADHA V & SS VARGHESE

Table 3. Consolidated results.

Total no. of studies stating

Total no. of studies stating

Total no. of studies stating

Total No. of
Type of parameter Parameter ) that LIPUS is significantly that there is no difference that control has beneficial
studies iy
beneficial than the control  between LIPUS and control effects than the LIPUS
Clinical Healing time 11 5 6 0
Time for
Radiological ) : ) 4 3 1
Radiographic union 0
0
Radiological Radiographic union 5 4 1
. . New bone 0
Histological i 3 3 0
formation
Serum or tissue biomarker 1 1 0 0

Out of the 11 studies that evaluated healing time clinically, 5 showed faster clinical healing time in LIPUS group.
Out of the 4 studies that have seen healing time radiographically through different radiographic parameters, all the
3 studies showed improvement in the test group and they coincided with the 5 studies that showed improvement
in clinical healing time. With respect to parameters that defined bone regeneration radiographically, out of the 6
studies, 4 showed significant improvement in the test group when compared to control, whereas 2 studies showed
no improvement in the test (LIPUS) group. Out of the 3 studies that included histological parameters denoting
new bone formation, all the studies showed significant improvement in test group. The one study that evaluated
serum biomarker as parameter also showed statistically significant result favoring LIPUS. Quality assessment of the
included studies was made based on the major criteria of Consort guideline (table 4). Out of 14 studies, 5 studies
had low risk of bias [12,18,20,23,26]. Moderate risk of bias was seen in 6 studies [14,15,19,22,24] and high risk
of bias was seen in 3 studies [13,17,21].

Table 4. Risk of bias — major criteria

S.no Author and Year Randomization Allocation concealment Assessor blinding Dropouts Risk of bias
1 Lubert et al. [12] 2008 Yes Yes Yes Yes Low
2 Dudda et al. [13] 2011 No No No No High
3 Urita et al. [14] 2013 Yes No Yes Yes Moderate
4 Liu et al. [15] 2014 Yes No Yes No Moderate
5 Simpson et al. 16] 2017 Yes No Yes Yes Moderate
6 Kim et al. [17] 2010 No No No No High
7 Schofer et al. [18] 2010 Yes Yes Yes No Low
8 Kristiansen et al. [19] 1997 Yes No Yes No Moderate
9 Rutten et al. [20] 2008 Yes Yes Yes No Low
10 Leung et al. [21] 2003 No No Yes No High
11 Gan et al. [22] 2014 No Yes Yes No Moderate
12 Heckmann et al. [23] 1994 Yes Yes Yes Yes Low
13 Mayr et al. [24] 2000 Yes No Yes No Moderate
14 Busse et al. [25] 2016 Yes Yes Yes Yes Low
DISCUSSION

This systematic review was aimed to evaluate the effectiveness of LIPUS in bone regeneration and healing. On
analyzing the methodology of the 14 included clinical trials it has been observed that a lot of variability exists between
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the studies in terms of the type of fracture or the bone involved, the method of evaluation and the outcome parameters
they have assessed. While analyzing the results of all the studies, there was a lot of variability found between the studies
regarding the effectiveness of LIPUS in clinical and radiographic outcome parameters. But in general none of the studies
reported any deleterious effect for usage of LIPUS or that the LIPUS group was less effective than the control group.
The studies that compared the histological parameters stated that LIPUS was significantly beneficial than control group
but number of studies in that category was very less. On analyzing the influence of LIPUS on reducing time taken for
radiographic union, most of the studies stated that LIPUS was more effective than the control. With respect to healing
time and radiographic union there was variability in the results across the studies. Around 50% of studies reported that
the LIPUS was more effective than control whereas the remaining studies reported that there was no difference between
the LIPUS group and the control. Another observation we found from the result analysis is that LIPUS showed better
results in fresh fractures [15,19,21,23,24] as compared to other type of fractures [24] or osteotomies [13,16,14] even
though two studies on fresh fractures couldn’t show the same [12,26]. It has also been found that LIPUS therapy on
delayed and non-unions fractures in different bones could not reveal any significant difference in healing rate and healing
time as compared to control [27].

The results of the radiographic analysis were also inconsistent across the studies. Out of the 4 studies that
had assessed healing time radiographically [19,21,23,26], The three studies, done in fresh fractures could show
any added improvement in the LIPUS group [19,21,23]. Both these, clinical and radiographic results point out
that the efficacy of LIPUS treatment on bone healing is relatively low after osteotomies and delayed or nonunion
fractures when compared with acute fractures. Supporting this finding, Tajali et al. [27] in their systematic review,
reported that there was weak evidence that LIPUS supported radiographic healing in delayed unions and
nonunion.

Effectiveness of LIPUS was evaluated histologically in three studies and in that irrespective the fracture type all
the three studies showed better results for the LIPUS group. The three studies assessed bone regeneration in various
situations such as sinus lift [17], delayed union of fibula [20] and fresh tibial fracture management [21] .These results are
promising even though they are not fully correlating with the other clinical and radiographical results from other studies
with respect to delayed union. Histological evaluation showed that the usage of LIPUS could increase bone volume, and
mineralized volume in the area of new bone formation and cancellous bone, respectively. More over a higher level of
osteoid thickness and mineral apposition rate was found in the area of new bone formation, whereas they were not
changed in the area of cancellous and cortical bone.

Effectiveness of LIPUS on improving the serum markers for bone regeneration was studied by Leung et al. [21]
and in their study it was reported that LIPUS activated alkaline phosphatase from week 12 to week 27 after fracture. This
is also a promising results and its clinical relevance need to be validated with future reseaech. Even though 14 articles
were included in this systematic review the meta-analysis was not possible due to heterogeneity of the data. Quality
assessment of the included articles was done and it was found that out of 14 studies, 5 studies only had low risk of bias
[12,13,20,23,25]. Moderate risk of bias was seen in 6 studies [15,19,24,16,14,22] and high risk of bias was seen in 3
studies [13,15,17].

This systematic review had included articles from major databases such as PubMed, google scholar and
Cochrane library. Hand searching and cross reference verification were also performed to ensure the completeness
of the search. Unpublished literatures were not included in this systematic review. Even though meta-analysis was
not done the qualitative synthesis of the results of the 14 included studies points out many research lacunae in
establishing the effectiveness of LIPUS in bone regeneration and healing. Firstly, clinical evidences are inconclusive
as there are many studies which couldn’t find any added benefit for usage of LIPUS. Secondly, even though
radiographic and histological outcome evaluations were showing more consistent results favoring the usage
of LIPUS, the number of studies in those categories was very less especially with histological evaluation. Most
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importantly the quality assessment of the included studies also need to keep in mind when interpreting the
results of these studies as the majority of them were having either moderate or high risk of bias. Nevertheless the
promising aspects were there was no deleterious effect reported from any of the studies with respect to usage of
LIPUS and the favorable results in histological, biochemical and radiographic outcome parameters. This warrants
the need for more randomized controlled clinical trials with low risk of bias to confirm the effectiveness of LIPUS
in bone regeneration and healing.

CONCLUSIONS

For clinicians

This review cannot give a definitive conclusion that LIPUS is effective in bone healing with respect to clinical
parameters even though positive influence on radiographical and histological parameters in bone healing and regeneration
are promising.

For researcher

LIPUS has been widely used in orthopedics and physiotherapy fields. Most of the Randomized control trial
performed had moderate to high risk of bias. The studies performed so far, lack homogeneity in their methodology. RCTs
with high quality are required to prove the effectiveness of LIPUS. In dentistry very few studies are available to show the
effect of LIPUS in alveolar bone. Hence there is abundant future scope for LIPUS in dental research to establish its various

applications.

Collaborators

Radha V, Sheeja S. Varghese, conceptualization, data curation, formal analysis, investigation, methodology, resources,
software, supervision, validation, visualization, writing — original draft, writing — review & editing.
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