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Abstract : Heterotopic ossification is defined as the formation of extraskeletal bone in
muscle and soft tissues.HO can also be defined as excessive bone tissue repair process . HO
is a common complication of trauma ,burn and surgery .It should be more accurately defined
as motion restricting and non motion restricting HO .There is no literature analysis
available ,which could defined the potential surgical intervention and prosthesis - specific
reason behind HO after Artificial Cervical disc replacement surgery .Additionally , other
possible predictors such as adjacent segment degeneration , Sagittarius alignment and
operative levels may also play secretly in the process of Heterotopic Ossification .

In order to get a better understanding about HO occurrence ,mentioned information in
this mini- review is useful for surgeons and patients both .On the other hand ,all selected
studies in this review are lacking uniformity in nature .Hence the result of this review study

should be considered prudently .
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Introduction :Intervertebral Disc(IVD) act as main joints in vertebral column, providing both
stability and flexibility to spine .Additionally , IVD facilitates bending , flexion ,torsion and
assist to transmit loads applied to spine .Particularly , Nucleus Pulposus ( NP) in IVD
undergo extensive morphological and cellular changes in the course of Ageing.This process
results in hardening of NP and a decrease in structural integrity , disc height , and flexibility
of IVD .(1,2)
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Anterior cervical discectomy and fusion ( ACDF) has been described as a common
method of surgical treatment for cervical radiculopathy since 1950s (3-5) and become the
gold standard procedure .

Nonetheless , it was found that ACDF leads to increased mechanical load on adjacent
segment by causing regid fixation in motion segment .(6)

Ultimately , Artificial cervical disc replacement ( ACDR ) came to existence in order to
preserve the mobility at index level.(7-11)

However , an adverse effect of Heterotopic ossification after ACDR has been reported
for the first time in 2005 (12,13)

Apart from western medicine , Traditional Chinese Medicine ( TCM) bandages , Indian
Ayurvedic oil are very effective tool for the treatment of recurrent and traumatic lower back
pain . In case of traumatic LBP ( lower back pain ) ,if the patient without any red flag
sign,we should always opt conservative treatment with NSAID & muscle relaxant
( Chlorzoxazone).(14) Two categories of treatment are available for disc degeneration
disease (DDD). First modality 1s conservative treatment with no surgical methods ,
analgesics ,life style adjustment such as weight loss . If patient does not improve, he or she
may opt second modality ie.surgical treatment . These surgical interventions are spinal
fusion or disc arthroplasty .( 15,16)

Commonly , results of several orthopaedic surgeries are uncertain , simple reason behind
this fact is that surgeons can't avoid inevitable complications eg. Malunion , implant
failure ,surgical wound infections , Heterotopic ossification , hematoma and spinal trauma in
ACDR surgery. In recent scenario, no single method can be regarded as ideal for the
treatment of all kind of pilon fractures . In addition ,surgeons' choice of method , experience
etc. also play an important role in outcome of surgery.Therefore , we need to implement
stem cell regenerative medicine ( SCRM) in place of complicated surgeries with uncertain
outcome. We can regenerate many damaged tissues , muscles , cartilage , bones ,brain tissues
and enhance body's natural healing power through SCRM applications.Moreover, SCRM
maybe a better emergency option to treat severe Covid- 19 patients .(17-23)

Material & Method : we search online database like google Scholar , web of
Science ,pubmed ,springer , semantic scholar etc with key words like ,Heterotopic
ossification , ACDR , TDR , ASD,Complication of ACDR. We reviewed 400 articles .Finally,
we selected 234 article for writing this mini review .

Results : Results are shown in tablel.
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TABLE 1: INCIDENCE OF HETEROTOPIC OSSIFICATION IN ACDR

Author & | Total number of | Incidence of HO Overall success of
year of | patients treated implant
publication | withACDR
Burna M | 39 patients HO recorded in | Although number of
etal (24) 10(25%) of cases with 5 | patients  diagnosed
of them classified as | with HO growing,
grade iii or iv. HO influences the
clinical outcome
only a little.
Yi S etal| 170 patients | Overall HO incidence | N/A
(25) undergone was 40.6%(69 of 170
ACDR patients)
Bryan disc -81 | Bryan disc
patients group-21.0%
Mobi C-61 | Mobi C group 52.5%
Paticgs Prodisc Cgroup-71.4%
Prodisc C -28
Patients
Guerin P |71 patients | HO was reported in 23 | N/A
etal undergone segments
(26) ACDR
Wu JC etal | 40 patients | In 15 patients | Almost all artificial
(27) underwent occurrence of HO was | discs remained
ACDR reported mobile(100%)&
95.8 % p=0.408
Tu TH | 36 patients | On the basis of CT, HO | Patients who had
etal(28) underwent Bryan | was identified in| HO had same
ACDR at52 | 18(50%) of 36 patients | clinical success rate
levels & 25 (48.1%)of 52| as those who did not
levels treated. get HO
0
According to McAFee gzcr;r eniel(%ég)él /ovs
classification Grade ii- 70, P
in 13 levels(25%) Visual analog scale
Grade  iii- | 0S) seore for
2levels(3.8%) am b
were  significantly
Grade iv-in 1level(1.9) | improved in both
Nineteen (76%) of 25 Hrg & mon  HO
affected levels were in | & O P
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patients  who  had
undergone 2 level
ACDR
Wu JC(29) | Total 102 | Multilevel group | The majority of
patients demonstrated  higher | (97.7%) of artificial
underwent bryan | rate of HO than the | discs in this series
arthroplasty single level group(66% | remained  mobile
(single or | vs 25% p< 0.001) despite of HO.
multilevel)
-86 patients
completed
followup
Mehren C | 54 Patients(total, | In 26 treated segments | 49.4% patients were
etal(30) 77 implanted | (33.8%) no HO was |reported with HO
prosthesis(ACD | detectable. ( grade i1 or grade
R-pro disc C) Grade i HO- 6 1i1)
levels(7.8%) 33.8%  patient-no
Grade i HO- 30| °
levels( 39%) Thus mobility of
HO led to restricted implanted segments
- need to be further
range of motion in 8 investigated
cases (10.4%) '
Spontaneous fusion — 7
cases
Chen j etal | Literature were | HO was 44.6%(95% | Higher prevalence
31) collected  from | confidence interval (CI) | of HO was observed
ubmed, 37.2-45.6%)- 12 )
gmbase, months aftei ACDR following ~ ACDR
conchrane but HO
library 58.29(957Cl, doesn’t effect
29.7-86.8%)-24 months clinical
Original studies | afterACDR .
were eligible improvement.
only if the HO is Advanced HO- 11.1%
.1 (95%CI- 5.5 -16.7%)
grade MOT IV o fter 12 months
according to
McAFee 16.7%(95% Cl,
classification. 4.6-28.9%) -after 24
months
Brenke C |22 patients were | Severe HO grade ii1 or | But the clinical
etal (32) treated with | iv  was present in | outcome  remains
ACDR 17.4 % normal. NDI & VAS
score improved
significantly.2.4+/-2
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.5(arm)
Mean VAS
-3.8+/-2.7 (neck)
Mean NDI- 30
+/-22
Lee SE | 28 patients | 18 patients( 64.3% )of | Cervical ROM was
etal(33) underwent 28 had HO preserved in grade i
ACDR : : and 11 but restricted
Grade i- 6 patients .
in grade 1iii and
Grade ii-8 patients grade iv HO
Grade iii — 3 patients Clinical
- . improvement
Grade iv-1 patient according to VAS,
HO was proportional to | NDI was not
the time of follow up. significantly
correlated with the
occurrence of HO.
Lingde K | Total 38 patients | Pooled data showed that | This meta - Analysis
etal(34) were included . | the prevalence of HO | reported that follow
after ACDR within 1 to | up time was
years , 2to 5 years , and | positively associated
5 to 10 years of follow | with prevalence of
up was38.0% , 52.6% & | severeHO
53.6%. (p<0.01),and 1
month growth of
mean follow- up
Prevalence of severe Ho | went with 0.63%
was 10.9%,22.2%,& | increase of severe
47.5%, respectively . HO .
(35)Jin  YJ | 81 patients after | According to type of | Type i HO
et al 95 cervical | device incidence of HO | developed mostly in
arthroplasties was posterior disc space.
using Bryan 49%- Type il. HO
Bryan (35 PCM 80%- developed in
segments, anterior disc space
Prestige 60%- P
PCM(30
segments) Type M HO
’ developed only in
Prestige (30 anterior disc space
segments ) Cervical lordotic
angle at
1 month  after
surgery had
a significant
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connection

with occurrence of

type i1 HO.
Xiaoyu Not Available At 2- year follow- up , | HO is independent
Y .etal occurrence of HO -|on the architecture

68 % in activC disc | of cervical disc
group ( severe HO | prosthesis .

0
35%) The global ROM -
HO - 85% (p=0.12) | significantly higher
Bryan  disc  group |in Bryan group
( severe HO 44 % ;| ( 56+ 10.8
p=0.43) degree ) and
(49.5+ 14.0,P=0.04
4) ,however this
difference was not

(36)

clinically
important ,because
the clinical

condition of both
groups comparable .
And presence of HO
did not  affect
clinical outcome.

Discussion : Although spine surgeons have defined HO as clinically relevent and
nonrelevent , this terminology seems to be based on ROM and don't impact clinical
outcomes .It should be more accurately defined as motion restricting and non motion
restricting HO .There is no literature analysis available ,which could defined the potential
surgical intervention and prosthesis - specific reason behind HO after Artificial Cervical
disc replacement surgery .Additionally , other possible predictors such as adjacent segment
degeneration , Sagittarius alignment and operative levels need to be investigated

further .(36).

Heterotopic ossification can be further classified in to genetic and acquired
subtypes .Acquired HO is common complication of major connective tissue injury ,traumatic

central nervous system injury , and surgical interventions ,where it can cause severe pain and
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post operative disability . A highly destructive form of HO is seen in fibrodysplasia
ossificans progressiva(FOP), in which progressive bone formation throughout life leads to
painful and disabling immobility .Additionally , key role of stem / progenitor cell in HO is
already established but little number of facts known about the mechanisms that control these
progenitor cells for bone and cartilage formation. Moreover, we are not able to identify the

offending cell type (' s) so far .(37))

Zhou etal concluded that incidence of postoperative HO is relatively higher among the
patients with more than 10 years follow-up ,and amount of degeneration in the target level

before surgery also correlated with HO incidence .(38)

About 10 % of HO is symptomatic resulting in limitations in range of motion ( ROM ). Once
Acquired HO develops ,surgical removal is the only effective treatment , usually followed
by NSAIDs ( non steroidal anti- inflammatory agents ) or local radiation to avoid recurrence.

(39).

However , radiation has been associated with malignancies , surgical removal is costly

enough and efficiency of NSAIDs is variable in different cases .(40,41)
HJ Cho etal selected 87 patients who underwent anterior cervical surgery (TDR or ACIF

anterior cervical Interbody fusion ) and followed up more than 24 months .HO was observed
in both TDR ACIF groups.HO was frequently occurred in TDR group .HO does not depend
on prosthesis type . In ACIF group , only cage alone subgroup showed HO , with relation to

fusion status . (42)

Additionally ,HO occurs following mechanical trauma ,burns ,orthopedic surgeries and in
patients with hyperactivating mutations of the type 1 bone morphogenetic protein receptor
ACVR1( Activin type 1 receptor ).Here they demonstrate that hypoxia inducible factor

-lalpha ( Hifl alpha), a key mediator of cellular adaptation to hypoxia , is highly expressed
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and active in three separate mouse models : hybrid model of genetic and trauma induced
HO , Trauma induced HO , genetic induced HO.Expression of Hifl alpha coincides with
master transcription factor of cartilage Sox9.[ ( sex determining region Y ) -
box9].Application of pharmacologic agents, such as PX - 478 or rapamycin significantly
inhibited extraskeletal bone formation through Hiflalpha inhibition .These findings
indicated that Hifl alpha represents a promising target to prevent and treat pathologic

extraskeletal bone formation .(43)

Another study compared the long term clinical effect of ACDR & ACDF ( Anterior cervical
discectomy and fusion ) in the treatment of degenerative cervical spondylosis in 60 patients ,
who received ACDR ( n=27) and ACDF ( n=33) .The incidence of HO in ACDR group was
92.6 % and high grade HO was 37.0 % . At minimum follow up of 10 years , ACDR
achieves a satisfactory clinical effect compatible with ACDF .In terms of advantages ,
ACDR could maintain ROM of cervical segments and surgical segment both , which reduces

ASD occurrence by preserving motion .(44)

Cao etal study showed average follow up time of 70 patients was ( 62.7+/-4.8) years ( range ,
52-74 months ) .they found a significant positive correlation between preoperative
uncovertebral joints degeneration and HO after ACDR ( r=0.585,p<0.01) .There was a
significant positive correlation between preoperative intervertebral space degeneration and
HO ( (r=0.557,p< 0.01) .There was significant positive correlation between preoperative
intervertebral space degeneration and preoperative uncovertebral joints degeneration
( r=0.727,p<0.01). In a nutshell, There is a significant correlation between preoperative

uncovertebral joints degeneration and HO after ACDR .(45)

In our study ,table 1. Shows that HO is a continuous process .but it does not restrict the

motion of ACDR in any study , however it's an unavoidable complication of ACDR .
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Several limitations should be considered ,whenever findings of this study interpreted .First ,
our study can not clarify the significant relationship between occurrence of HO and male
sex , old age , multi segmental operations ,etc.Second, only few studies provide enough
information about characteristics of patients with HO.Thirdly , selected studies are
heterogenous in nature , and this heterogeneity can't be defined clearly .Last but not the least ,

language itself a limitation factor , because of which , some useful studies may be missed .

In order to get a better understanding about HO occurrence ,This information is useful for
surgeons and patients both .On the other hand ,all selected studies in this review are lacking

uniformity in nature .Hence the result of this review study should be considered prudently .
Abbreviations :

FOP: fibrodysplasia ossificans progressiva

TCM : Traditional Chinese Medicine .

Hif - alpha :hypoxia inducible factor -1alpha

HO: Heterotopic ossification

ACDR: Atrtificial cervical disc replacement

ACDF : Anterior cervical discectomy and fusion
ACVR1:Activin type 1 receptor .

ACIF :anterior cervical Interbody fusion

NSAIDs :Non Steroidal Anti- Inflammatory Agents
ASD:Adjacent Segment degeneration .

ROM : Range of motion .
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NDI :Neck Disability Index
VAS:Visual Analog Scale

Cl : Confidence Interval

TDR : Total Disc Replacement
IVD: Inter vertebral Disc

NP: Nucleus pulposus
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