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Abstract  
Introduction: Aseptic loosening is the most common indication for revision surgery of hip 

implants. However, sometimes diagnosis from planar radiography is uncertain, making 

decision regarding revision surgery problematic. Implant Movement Analysis (IMA) is a 

newly introduced method of analysing uncertain aseptic loosening of hip prostheses. It uses 

computer tomography with rotational provocation to expose movement of the implant 

relatively to the surrounding bone.  

Aim: To evaluate the role of IMA as a complementary method to planar radiography in 

diagnosing aseptic loosening of total hip artroplasty (THA) at Lindesberg Hospital. 1) Has 

IMA improved diagnosing of uncertain cases of aseptic loosening? 2) Has IMA reduced the 

number of unnecessary THA revision surgeries?  

Methods: Retrospective cohort study analysing 43 cases of uncertain aseptic loosening 

examined with IMA at Lindesberg Hospital. Paired results from planar radiography and IMA 

were statistically compared with McNemar’s test, IMA held as the reference. Additional data 

was also collected (i.e. age and symptoms). 

Results: Planar radiography had 70 % sensitivity and 65 % specificity compared to certain 

results from IMA. IMA provided diagnoses in 84 % of the cases and changed the diagnosis 

for 33 % compared to planar radiography. Eight cases got their diagnosis changed from loose 

to not loose. 

Conclusions: IMA has improved diagnosing cases of uncertain aseptic loosening and can 

therefore be seen as a good complementary method to planar radiography in these cases. 

However, as it is a new method further evaluation is needed. 
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Abbreviations	

CT – Computer tomography 

IMA – Implant Movement Analysis 

MRI – Magnetic resonance imaging 

RSA – Radiostereometric Analysis  

SHAR – The Swedish Hip Arthroplasty Register 

RÖC – Region Örebro County 

THA – Total hip arthroplasty 

3D – Three-dimensional  
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Introduction	
According to the Swedish Hip Arthoplasty Register (SHAR) there were over 17000 primary 

total hip arthroplasty (THA) surgeries conducted in 2016 [1]. Hip prostheses used in Sweden 

today have a low risk of revision surgery [1,2] defined as when one or more components of 

the prosthesis is replaced or extracted. Still there were 1812 revision surgeries performed in 

2016 [1]. The number of revision surgeries is increasing [1,3], relatively to an increasing 

number of primary hip surgeries [1]. Compared with primary hip prosthesis surgery revision 

surgery has a higher number of perioperative and postoperative complications; suggested 

contributing factors being higher comorbidity and an older population [1,4,5]. 

The main reason for revision is aseptic loosening [1,6], a late-onset complication [1] that can 

clinically manifest with pain and disability [6,7]. Diagnosing aseptic loosening in Region 

Örebro County (RÖC) is primarily done using clinical examinations and planar radiography. 

On planar radiography loosening can be detected as radiolucent lines (zones) between bone 

and cement, between cement and implant or between bone and implant [Personal 

communication with the Department of orthopaedics RÖC, January 2019]. However, in some 

cases loosening is less apparent and results from planar radiography are inconclusive. 

Therefore several methods have been developed to diagnose aseptic loosening with higher 

accuracy [8–16].  

Some of the methods developed to improve imaging analysis of aseptic loosening have been 

based on converting two-dimensional information from planar radiography into three-

dimensional (3D) information. One of these methods is called Radiostereometric Analysis 

(RSA) and is the current gold standard regarding migration measurements [13,15,17–19]. 

However, RSA and other planar radiography converting methods are time consuming, require 

special equipment and often involve implantation of metal ball markers at primary operation; 

therefore RSA is manly suitable for small groups in research settings [8,13,20]. To improve 

imaging diagnostics and find more efficient alternatives, studies have been done using direct 

3D imaging diagnostic methods as magnetic resonance imaging (MRI) or computer 

tomography (CT) [10–16]. The focus of this study has been one of the newer CT methods that 

moved passed the point of experimental testing and was put into clinical use. 

The new CT method is called Implant Movement Analysis (IMA) and is distinct in the way 

that it uses provocation by rotation of the hip. IMA is based on two different CT volumes with 

torsion loading of the affected hip in external and internal rotation acquired in direct sequence 



	 	 	

	 5	

[21]. By rotating the hip this method visualises the implant’s movement relative to 

surrounding bone structures. IMA was developed by Olivecrona and Weidenhielm et al at 

Karolinska Institutet [14–16,20] and was after collaboration with RÖC introduced at 

Lindesberg Hospital in 2017 as a new complementary examination to planar radiography in 

cases of uncertain aseptic loosening (Figure 1) [Personal communication with the Department 

of orthopaedics RÖC, January 2019].  

Previously most decisions regarding revision surgery have, in uncertain cases of aseptic 

loosening, been based on clinical examination, planar radiography and factors including 

patient age, comorbidity, extent of symptoms and the patient’s willingness to go through 

surgery (Figure 1) [Personal communication with the Department of orthopaedics RÖC, 

January 2019]. Since the introduction of IMA additional imaging information is provided 

which is believed to improve diagnosing of uncertain cases. This might reduce the number of 

unnecessary revision surgeries, meaning in cases where loosening was suspected on planar 

radiography, but the prostheses were in fact in place.  

 
Figure	1.	Patient	flow	chart	in	cases	of	suspected	aseptic	loosening	of	total	hip	arthroplasty	in	
Region	Örebro	County.	Dotted	line	represents	flow	chart	before	the	introduction	of	Implant	
Movement	Analysis	(IMA).	

The Department of Orthopaedics in Lindesberg was the first clinic in the world to put IMA 

into clinical use, making Lindesberg Hospital a target of much interest into the usefulness and 
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findings of IMA. To our knowledge, this was the first study evaluating IMA upon diagnosing 

uncertain cases of aseptic loosening since IMA was put into clinical use. 

Note: There are other IMA examinations (lumbar and spine; knee currently under 

development), these are presented in the appendix; but in this study all referrals to IMA refer 

to IMA of the hip. 

Aim	
The aim was to evaluate the role of IMA as a complementary method to planar radiography in 

diagnosing aseptic loosening of THA at Lindesberg Hospital. 1) Has IMA improved 

diagnosing of uncertain cases of aseptic loosening? 2) Has IMA reduced the number of 

unnecessary THA revision surgeries?  

Material	and	methods	
All data was collected from electronic medical reports for all study participant subjected to 

IMA in between September 2017 and February 2019 in Lindesberg Hospital, RÖC (n=45).  

Planar radiographic examinations were done according to clinical praxis. All IMA 

examinations were conducted by two radiographers as described in the introduction of this 

study (also presented in Appendix 1) in accordance with instructions given by Henrik 

Olivecrona, one of the developers of IMA. IMA images were then sent to TMC teleradiology 

for analysis, results were sent back within 72 hours. IMA analysis was not blinded to results 

from planar radiographic examinations. Sectra AB created the software used during IMA 

examinations included in this study, their software is based on methods developed by 

Olivecrona et al [14–16,20]. 

Paired examination results from planar radiography and IMA were analysed. In cases were 

more than one planar radiography examination had been performed previous to IMA, results 

from the most recent examination was compared to IMA. Results regarding aseptic loosening 

were categorized as aseptic loosening present or not present and deviant (further described in 

results); distinction primary made by first author of this study. In cases where distinction was 

unclear to first author, Per Wretenberg (orthopaedic surgeon and supervisor of this study) was 

consulted. Additional information was collected and analysed, including: age, gender, time of 

primary THA, dates of examinations and question to be answered in diagnostic imaging 
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referrals. For study participants who following IMA-examination had surgery, operative 

reports were also studied.  

McNemars test was used to compare paired results from planar radiography and IMA; results 

from IMA were considered the reference. The level of significance was set to p <0.05. 

Statistical analyses were performed using IBM SPSS Statistics version 25. Sensitivity and 

specificity for planar radiography was calculated compared to results from IMA.  

Planar radiography and IMA were already in clinical use and this study has therefore not 

added any additional physical or psychological harm to study participants. However, since 

this was a retrospective cohort study, including a small number of study participants exposed 

to a new method of examination (IMA), there is a possibility of recognition in the material 

presented. This considered, evaluation of newly introduced methods as IMA is of importance. 

This study was part of a research project approved by the Regional Ethical Review Board in 

Uppsala (ref.	2019-00117). It has also been approved as a quality assurance study by head of 

operations at the Department of orthopaedics RÖC. 

Results	
Forty-five study participants had been examined with IMA between	September 2017 and 

February 2019 at Lindesberg Hospital. Out of these 45 study participants 23 were referred 

from other counties and did not have all data disclosed in referral documentation compared to 

study participants from within RÖC. Two cases were excluded due to no available data. Since 

the available data varied between cases some analysed parameters could not include all 43 

remaining cases. For parameters not including all 43 cases, the number of included cases is 

presented. 

Age at the time of IMA examination was mean 71 years. For the ten cases diagnosed as loose 

on IMA the mean age was 75 years. Distribution of gender was 25 females and 18 males. Out 

of the prosthesis’ 24 were cemented, 12 hybrids and seven uncemented; excluding previously 

revised (n=8) the distribution was 24 cemented, seven hybrids and four uncemented. Reason 

for primary THA surgery available in 24 cases, out of these cases 88 % declared the reason to 

be primary	osteoarthritis. 
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For cases loose on IMA mean time from primary surgery to IMA examination was 11.5 years 

(n=6), excluding study participants previously revised (n=3) or with unavailable data (n=1). 

For the three revised cases mean time from latest revision to IMA examination was 1.7 years.  

The question to be answered written in referrals to planar radiography varied between study 

participants. In 19 cases there were no planar radiography referrals available. In 12 cases 

loosening or zone was mentioned, in eight cases position of the prosthesis was mentioned, in 

the other cases (n=4) no apparent coherence was found. 

Findings from planar radiography and IMA are presented in Table 1. Certain diagnoses were 

provided by IMA to 84 % of study participants. Out of the seven cases with deviant results on 

IMA two cases were unable to receive certain diagnoses due to artefacts. Two more cases 

with artefacts in IMA were found, but in these cases the artefacts did not hinder providing 

certain diagnoses. The five remaining cases with deviant results from IMA were uncertain 

without artefacts mentioned as the reason. In all cases of deviant results from IMA there was 

no coherence in the following management; instead there were individual solutions for each 

study participant.  

Out of the ten study participants with loose prosthesis according to IMA (Table 1), three cases 

went through with revision surgery; in all three cases the orthopaedic surgeon confirmed that 

the prostheses were loose. In two cases with IMA confirmed loosening there was no available 

data due to study participant belonging to another county. In the other cases with loose 

prosthesis according to IMA the reason for no revision surgery varied; either the study 

participant was not motivated, wanted to wait, was not that bothered by the symptoms or had 

other health issues that needed to be prioritised before revision surgery. 

Table	1.	Findings	from	planar	radiography	and	Implant	Movement	Analysis	(IMA)	in	diagnosing	

aseptic	loosening	of	THA	

Diagnostic	method	 Not	loose,	n	 Loose,	n	 Deviant,	n	 Total,	n	

Planar	radiography	 19	 20	 4*	 43	

IMA	 26	 10	 7**	 43	

*No	available	data.	

**Unable	to	provide	certain	diagnosis	or	contradiction	in	information	from	TMC	teleradiology.	
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Thirty-three cases had comparable data from planar radiography and IMA, meaning that the 

results from both examinations in each case were available and not deviant. Findings from 

analysing comparable results are presented in Table 2. IMA changed the diagnosis provided 

by planar radiography in 33 % of cases where comparable data was available (Table 2). An 

exact McNemar’s test determined that there was no statistically significant difference in the 

proportion of study participants that got their diagnosis changed to or from aseptic loosening 

present or not present respectively (p=0.23). For planar radiography the sensitivity was 70 % 

and specificity was 65 % compared to certain results from IMA (Table 2).  

Table	2.	Outcome	of	comparing	paired	results	diagnosing	aseptic	loosening	of	THA	from	planar	

radiography	and	IMA*	(n)	

	 Implant	Movement	Analysis	(IMA)	 	

Planar	radiography	 Loose	 Not	loose	 Total	

Loose	 7	 8	 15	

Not	loose	 3	 15	 18	

Total	 10	 23	 33	

*Cases	were	data	was	unavailable	or	IMA	diagnoses	were	uncertain	(presented	in	Table	1)	

were	excluded,	n=10.	

Some clinical symptoms appeared to be more frequently reported in cases were IMA 

diagnosed aseptic loosening as present than not present; presented in Table 3. However, 

available information regarding clinical symptoms varied between cases. One case had no 

data available regarding symptoms. 
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Table	3.	Symptoms	declared	in	referrals	to	radiological	examination*;	categorized	and	analysed	
according	to	IMA	results 

 

 

Discussion	and	conclusion	
The aim of this study was to evaluate the role of IMA as a complementary method to planar 

radiography in diagnosing aseptic loosening of THA at Lindesberg Hospital. Our results 

indicate that IMA has improved diagnosing uncertain cases of aseptic loosening, given that all 

cases sent to IMA were deemed uncertain and that the vast majority received certain diagnosis 

after IMA examination. We also found several cases were planar radiography had diagnosed 

aseptic loosening as present but results from IMA showed that the prostheses were in their 

Symptom	category**	 Total	 Not	loose,	n	
(%	of	total)	

Loosen,	n	
(%	of	total)	

Uncertain,	n	
(%	of	total)	

Instability,	hip	weakness,	pelvis	
drops	with	movement	or	abnormal	
gait	

5	 5	(100	%)	 0	(0	%)	 0	(0	%)	

Trochanteric	pain	 5	 5	(100	%)	 0	(0,0	%)	 0	(0,0	%)	
Pain	described	as	in	gluteus	medius	
region,	lateral	or	posterior	parts	of	
buttocks:	or	contour	changes	of	
buttocks	

9	 8	(89	%)	 1	(11	%)	 0	(0,0	%)	

Groin	pain	 12	 9	(75	%)	 2	(17	%)	 1	(8	%)	
Radiating	pain	or	numbness	 8	 6	(75	%)	 0	(0	%)	 2	(25	%)	
Other	suspected	causes	of	
symptoms,	back	or	knee		

4	 3	(75	%)	 0	(0	%)	 1	(25	%)	

Axial	loading	pain	 7	 5	(71	%)	 1	(14	%)	 1	(14	%)	
Never	been	free	of	symptoms	after	
primary	surgery	

3	 2	(67	%)	 1	(33	%)	 0	(0	%)	

Infection	suspected	and	tested	for	 3	 2	(67	%)	 0	(0	%)	 1	(33	%)	

Thigh	pain	 8	 5	(63	%)	 3	(38	%)	 0	(0	%)	
Previously	revised	 7	 4	(57	%)	 1	(14	%)	 2	(29	%)	
Acute	pain	 6	 3	(50	%)	 2	(33	%)	 1	(17	%)	
Constant	pain	 10	 4	(40	%)	 4	(40	%)	 2	(20	%)	
Increasing	pain	 5	 1	(20	%)	 2	(40	%)	 2	(40	%)	
No	resting	pain	 4	 0	(0	%)	 4	(100	%)	 0	(0	%)	
Pain	during	movement	 2	 0	(0	%)	 0	(0	%)	 2	(100	%)	
*	Symptoms	that	were	declared	in	only	one	study	participant	were	excluded.	Some	study	
participants	occurred	in	several	categories	and	were	counted	in	each	category.	If	a	study	
participant	had	more	than	one	symptom	in	the	same	category,	this	study	participant	was	
only	counted	as	one	case	per	symptom	category.	
**	Symptom	categories	were	created	in	consult	with	Per	Wretenberg,	orthopaedic	surgeon.	
This	was	done	without	Wretenberg	knowing	the	distribution	of	study	participants	within	the	
categories.	
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place, suggesting IMA has indeed reduced the number of unnecessary THA revision 

surgeries.  

 

At the time of this study, to our knowledge, there were no other studies regarding IMA after it 

was put into clinical use and no studies with IMA involving cases of uncertain aseptic 

loosening from planar radiography. However, several similarities were found between our 

study population and the general population with implanted hip presented in the 2016 Annual 

report from SHAR [1]. Cases that previously had revision surgery had a shorter time to 

aseptic loosening compared to cases that had never before been revised, consistent with 

previous findings [1,22]. Also the mean age for having a loose prosthesis in our study fell 

within the mean age for when reoperation is usually needed [1]. Further similarities were 

found, such as main indication for primary THA being primary osteoarthritis, higher number 

of women than men and that cemented THA was the most common prosthesis [1]. This 

suggests that the included population in our study is a good representation of the population 

potentially getting examined by IMA in the future. 

All results from planar radiography were uncertain but they also had a probable diagnosis. 

These probable diagnoses had 70 % sensitivity and 65 % specificity compared to certain 

results from IMA. This could be considered further demonstrating the need for a method 

superior to planar radiography in uncertain cases of aseptic loosening. In our study IMA was 

able to provide clear diagnoses in 84 % of the cases, a large reduction of uncertainty making 

decisions regarding revision surgery more grounded.  

A third of the cases with comparable data got their diagnoses changed after IMA examination 

from the one provided by planar radiography. McNemars test showed that there was no 

statistically significant difference between getting the diagnosis changed to loose or not loose, 

respectively, using IMA; indicating that IMA has the ability to change the diagnosis in either 

direction. This ability shows that IMA has an implication both in cases where the probable, 

although uncertain, diagnosis from planar radiography is loose as well as when the probable 

diagnosis is not loose. 

A limitation in our study was the use of IMA as the reference to planar radiography, being a 

newly introduced method. The preferable reference might instead have been assessments from 

revision surgery. However, the small number of cases a that had revision surgery (n=3) made 

a comparison to assessments from revision surgery insufficient, even if all cases diagnosed as 
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loose on IMA were also loose according to revision surgery. Although they did not use IMA 

Berger et al did confirm, through result from revision surgery, that CT with rotational 

provocation had 91.6 % sensitivity and 90.0 % specificity when evaluating cases with 

uncertain loosening on planar radiography [23]. An interpretation of this could be that IMA, 

which also uses CT with rotational provocation, can be used as a reference to planar 

radiography when a comparison to assessments from revision surgery is insufficient. Further 

support for using IMA as the reference is that Reinus et al [24], using the same method as 

Berger et al [23], considered an automated system of measurements could reduce precision 

error in CT with provocation [24], something that IMA provides. Further follow-up studies 

will likely provide more evaluable cases assessed during revision surgery, enabling using 

revision surgery as the reference. 

Another limitation was that data was unavailable for comparison in several cases; some due to 

the study participant belonging to another county and enclosed data was limited, others due to 

the variability in reporting, for example clinical symptoms and time of primary surgery. For a 

better evaluation of IMA a list of desired data should be compiled, both for referrals from 

other counties and for study participants within RÖC. 

An incidental finding in our study was that some clinical symptoms were more frequent when 

the prostheses were not loose and other symptoms were more frequent when aseptic loosening 

was present (Table 3). If a difference in clinical symptoms can be validated we might be able 

to improve clinical diagnosing of aseptic loosening by creating a new method; perhaps a 

scoring system rating clinical symptoms as more or less indicative of aseptic loosening. This 

could possibly reduce the number of uncertain cases of aseptic loosening. However, given the 

variability in reporting symptoms, further studies are necessary. 

Besides compiling previously mentioned list of desired data and further investigation into 

differences in clinical presentation we believe there are more ways to improve diagnosing 

aseptic loosening as well as the evaluation and use of IMA. Firstly, the question to be 

answered written in the referrals to planar radiography might be better formulated, making 

sure that zones or loosening is mentioned. It is commonly known that the question impacts the 

answer. Secondly, written results from analysing IMA were generally lengthy and might be 

improved by being less extensive and possibly by implementing checkboxes for “loose”, “not 

loose” and “inconclusive”. This might simplify the interpretation of results for the receiving 

physician and facilitate easier evaluations of IMA in the future. Thirdly, seeing as some 
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results from IMA were uncertain without artefacts mentioned as the cause, there might be 

some benefit in describing the patient’s ability to comply with IMA examination. This could 

give insight into the limitations of IMA and whether some individuals are not eligible for 

IMA examination. Further supporting this notion is that Olivecrona et al found that tremor 

and reduced range of movement could affect the ability of CT with rotational provocation to 

evaluate implant loosening [21]. Fourthly, there were cases diagnosed with aseptic loosening 

on IMA that did not proceed with revision surgery. If revision surgery is not a conceivable 

option before IMA examination it can be argued that no IMA examination should be done, at 

least if the individual is not motivated for revision surgery. However, some benefits may 

come from getting a set diagnosis even if revision is not done, for example not needing to 

pursue other causes for the individual’s symptoms. To ensure that IMA is used in the best way 

possible and that individuals are not unnecessarily subjugated to examination, adequate 

patient information and thorough anamnesis is warranted. Finally, given that IMA is currently 

a new method a follow-up of examined individuals is important to ensure that diagnoses 

provided from IMA were accurate. 

In conclusion, IMA has improved diagnosing cases of uncertain aseptic loosening and can 

therefore be seen as a good complementary method to planar radiography in these cases. 

However, as it is a new method further evaluation is needed. 
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Populärvetenskaplig	sammanfattning  

I Sverige utförs årligen över 17 000 höftprotesoperationer. Majoriteten av dessa operationer 

återger patienten en normal och väsentligen smärtfri funktion. Tyvärr är det ändå några få procent 

som behöver omoperation av samma höft. Den långsiktigt vanligaste orsaken till omoperation är 

proteslossning, vilket kan orsaka bland annat smärta och minskad rörelseförmåga. Ibland är det 

svårt att diagnosticera proteslossning med vanlig slätröntgen, vilket förvårar beslutet om 

omoperation skulle förbättra patientens tillstånd eller ej. Tydlig diagnos (lossning/ej lossning) är 

viktigt då omoperation är förenat med komplikationsrisk. En ny metod har utvecklats som heter 

Implant Movement Analysis (IMA) för att undvika att patienter som inte har lösa proteser 

omopereras. IMA är en skiktröntgenundersökning (ger tredimensionella bilder) som tar bild med 

patientens höft roterad utåt och sedan inåt. Genom att rotera höften kan eventuell rörelse av 

protesen i förhållande till skelettet åskådliggöras, vilket kan indikera proteslossning. Lindesbergs 

lasarett är det första sjukhus i världen som infört IMA i den kliniska verksamheten (Figur 1). För 

att utvärdera hur IMA kunnat diagnosticera fall som varit oklara på slätröntgen har en utvärdering 

gjorts av samtliga fall som hittills undersökts av IMA på Lindesbergs lasarett. Resultatet från 

utvärderingen visar att att IMA kunde ge klar diagnos i 84 % av fallen och att ett flertal fall 

genom IMA besparats från onödiga omoperationer. Dock är metoden ny vilket innebär att fler 

studier krävs för att slutgiltigt avgöra ifall IMA är det komplement som behövs för att säkerställa 

proteslossning. 

 
Figur	1.	Patientflöde	i	fall	av	misstänkt	proteslossning	på	Lindesbergs	lasarett.	Prickad	linje	visar	
patientflödet	före	införandet	av	Implant	Movement	Analysis	(IMA).	
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Cover	letter  
Örebro, Sweden, 2019-05-20 

Dear Mr. Rydholm, 

 

Enclosed you will find our manuscripts entitled “Evaluation of the role of Implant Movement 

Analysis in diagnosing aseptic loosening of total hip arthroplasty”, a consecutive case study 

assessing results from 43 individuals examined by Implant Movement Analysis (IMA). IMA 

for hips is a newly introduced CT method using rotational provocation to expose any implant 

movement relatively to the surrounding bone indicating aseptic loosening. The Department of 

Orthopaedics in Lindesberg was the first clinic in the world to put IMA into clinical use. By 

comparing results from planar radiography with results from IMA we found that IMA could 

provide diagnosis in 84 % of cases that had previously received uncertain diagnoses from 

planar radiography. We also found that a third of the study participants got their diagnoses 

changed from the indicated diagnosis on planar radiography. We are the first to evaluate 

results from IMA since it was put into clinical use. Since some of our findings include 

important aspects to consider before referring patients to IMA and that IMA, as a new 

method, is an object of much interest we hope that you will consider our manuscript for 

publication in your journal. 

 

This is our own original work. All authors have approved the final version of the manuscripts 

and agree with its submission to Acta Orthopaedica. Our manuscript has not been published 

and is not under consideration for publication elsewhere. We greatly look forward to your 

reply. 

 

Sincerely, 

 

Ellen Harbom, MB 

School of Medical Sciences 

Örebro University 

Sweden 
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Etisk	reflektion 

För studiepopulationen anses studien ej adderat ökad risk för fysisk eller psykisk skada då 

samtliga undersökningsmetoder redan var inkorporerade i klinisk praxis. Dock finns risk för 

igenkänning i materialet. Journalgranskning som studieform kan upplevas som ett 

integritetsbrott, trots pseudoanonymisering av extraherad data. Däremot förefaller det oetiskt 

att fortsätta använda IMA utan att vetenskapligt analysera hur funktionell den är. Även 

studiepopulationen kan ha nytta av en utvärdering och eventuell förbättring av IMA då 

samtliga har inopererade höftproteser som antingen har lossnat och/eller kan komma att 

lossna i framtiden. 

 

Genom en förbättring av diagnostiken av lösa proteser kan antalet onödiga 

revisionsoperationer reduceras, därmed även kostnaden för samhället och komplikationsrisken 

för individen. En revisionsoperation kostar ca 170 000 kronor emedan en IMA-undersökning 

kostar 5000 kronor (Personlig kommunikation Per Wretenberg, ortopedisk kirurg och 

handledare i denna studie). En pågående studie med Lars Weidenhielm (en av utvecklarna av 

IMA) et al utvärderar antalet fall bland de som kompenserats från Landstingens Ömsesidiga 

Försäkringsbolag vars komplikationer skulle kunnat undvikas, resultaten pekar på att uppåt en 

tredjedel skulle behjälpts av IMA.  

 

En negativ aspekt av fortsatt användning av IMA skulle kunna anses vara den ökade 

strålningen, men då främst äldre undersöks är långsiktiga strålningsskador mindre sannolika; 

dessutom är strålningen från IMA endast lågdos datortomografi, innebärande likvärdig dos 

given vid slätröntgen av höftprotes.  

 

Utifrån ovanstående torde strålningen och kostnaden för en adderad undersökning vara 

mindre än vinsten av att säkerställa diagnosen för individer med osäker proteslossning. 

Därmed är utvärdering av metoden som har möjlighet att utföra detta av betydelse.
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Image Acquisition for IMA 
Implant Movement Analysis 1.0 
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Sectra Implant Movement Analysis 
Implant Movement Analysis is software offered by Sectra to facilitate the diagnosis of implant 
loosening or pathological movement when a patient experiences pain after hip replacement or spinal 
implant surgery. 
 
The Sectra Implant Movement Analysis is based on analysis of paired CT volumes. These are acquired 
during the same examination, and each of these scans are acquired at an end-point of possible motion, 
e.g. for a hip examination maximal internal and external rotation, for a spine examination maximal 
flexion and extension over the relevant segment. These two “provocation CT volumes” are used by a 
specially trained radiologist to do the IMA analysis.  

Acquiring images 
Please use the parameters and conditions in the guidelines below to ensure that image quality and 
patient positioning is optimal.  
 
First time set up of the protocol 
• The very first time, use your standard low dose CT-protocol for the relevant body part as a 

template. Make the modifications mentioned below and save the resulting protocol with a name 
containing IMA, for example “IMA [body part]”. Use this new modified protocol for all future 
IMA scans of that body part. 

• Imaging modality: CT scanner  
• Scanner type: Any commercial brand can be used. 
• Use a scout view and where possible keep all settings unchanged between the two acquisitions. 
• Increment: All slices should preferably be overlapping by 50% 
• Slice thickness: As thin as possible preferably 0.5-0.6 mm.  
• Reconstruction: Use bone enhancement algorithm. If the CT system has metal artefact reduction 

this should be used.  
• Matrix: 512 × 512 
• Field of view:  

• Cervical spine: The length of the volume should include at least one vertebra above            
one vertebra below the area of interest.   

• Thoracolumbar spine: The length of the volume should include at least half a vertebra 
above and half a vertebra below the area of interest.  E.g. if scanning fusion L3-L5 then 
include half of L2 and part of sacrum to secure that a provocation has taken place in this 
area.   

• Hip: Limit the field of view to the relevant half of the patient, i.e. exclude everything 
beyond the symphysis. Let the field of view includes at least 5 cm (approximately) above 
and beyond the beginning and end of the studied implant. 

	
Before the first scan 
• Prepare as much of settings etc. as possible that the correct protocol and patient data is loaded, and 

the scout prepared in the computer. If this is done before the patient is placed in the CT this will 
help minimize time the patient needs to spend in an uncomfortable position and therefore also 
minimize movement artifacts. 

	
During the first scan 
• Patient position and posture: See examples towards the end of the document 
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• It is extremely important that no movement is allowed from the patient during a CT-scan. 
Therefore, examination time should be kept to a minimum.  

• To enable a proper analysis of the cause of the patient’s pain it is crucial that the provocation is 
sufficient. This means that the body part should be put in extension/flexion either until maximum 
movement or pain occurs. Too little of provocation, for example to avoid pain, would not provide 
adequate diagnostic value of the data sets, meaning that the CT-scans will need to be repeated.  

• Make sure to inform the patient that some pain during the exam can be important for the doctors to 
be able to diagnose what the cause of the pain is. Explaining e.g. that the pain the patient is 
seeking help for must be provoked to find its cause. Also inform the patient that the pain is not 
dangerous, and if possible give an estimate of how much time the scan (and possible pain) will 
take. 

 
After the first scan 
• Check the quality: Make sure that the images have high quality without motion artefacts and that 

the patient was correct positioned. Otherwise, re-acquire the images. 
 
Before the second scan 
• Note that for lumbar spine the patient-position setting needs to be changed in the CT as the first 

scan is supine and the second scan is prone. 
 
During the second scan 
• Patient position and posture: See examples towards the end of the document 
• All other considerations are the same as described for the first scan regarding motion artefacts and 

proper provocations. 
 
After the second scan 
• Control the quality as you did after the first scan 
• Transfer CT images to IMA analysis. Only the two thin slice reconstructions, with metal artefact 

reduction (if available), and its corresponding scout images should be transferred. No other 
images, such as dose reports, 3D reconstructions, etc., should be transferred. 
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Imaging examples 
Below are a number of proposals for patient placement during IMA provocations/examinations. Use 
wedges, straps, sandbags, etc. to make it easier for the patient to stay still during the required 
provocation over the examined anatomy. In some cases it is good to be two persons to place the 
support pillows etc. 

IMA hip – placement of patient 
Have the protocol in the CT computer ready before the patient settles on the table as longer time on 
the table can become uncomfortable for the patient. 
 
1. The patient is lying supine. Use a support at the height of 

the patient's hip to ensure that the patient's pelvis is 
stabilized. A support of the harder model that the patient is 
lying on is very effective. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
2. Run the table through the CT to access the patient's leg 

from the other side of the gantry. 
 
Take the patient's ankle with one hand.  
 
 
 
 
 

3. Lift and place the second hand in the middle of the thigh. 
Ask the patient to relax. 
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4. Lift and inward rotate / provoke in a gentle manner. The 
patient may say that this is painful. 
 
NOTE, it is important that the knee and thigh also look 
inward rotated for the hip joint to be turned in the desired 
way. The risk is otherwise that only feet and lower legs are 
twisted. 
 
 
 

5. Without letting go, a second person secures the leg's  
position with pads. First with a pillow between the thighs  
at the height of the femur. 
 
 
 
 
 
 

6. The other side of the leg is secured. A patient with thicker 
thighs may not need these pads. Now you can let go of the 
thigh. 
 
 
 
 
 

7. Sand bags are placed around the ankle. Now you can loose 
the grip of the ankle. 
 
 
 
 
 
 
 

8. Ask the patient if they feel that the leg is inward rotated. 
Check if it looks inward rotated. Otherwise, re-do the 
procedure. 
 
Perform image capture according to protocol. 
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9. For the outward rotation image, start by removing the 
cushions and the sandbags. As for inward rotation, first 
take one hand over the ankle. 
 
 
 
 
 

10. Lift and insert the second hand under the thigh. 
 
 
 
 
 
 
 
 

11. Lift and rotate outwards in a gentle motion. It is important 
that the patient is relaxed in the leg. At the same time, they 
may feel pain as it indicates that the position that causes 
the patient has been reached.  
 
 
 
 

12. A second person can now place the cushion underneath the 
thigh and let go of the leg. 
 
 
 
 
 
 
 
 

13. Put a sand bag down at the ankle. Then let go of the ankle. 
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14. Ask the patient if it feels that the leg is outward rotated. 
Check that the leg looks properly outward rotated. 
Otherwise, remove the pillows and sandbags and redo the 
procedure of the outward rotation. 
 
Take CT image according to protocol  
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IMA Lumbar spine – placement of patient 
Have the protocol in the CT computer ready before the patient settles on the table as longer time on 
the table can become uncomfortable for the patient. The pillow should be positioned so that its top is 
straight below the anatomy to be examined. In the example below, a fusion in level L4-L5 is 
investigated. 
 
1. Start with a pillow with a small curvature. If it is possible, 

take a pillow with more curvature if the patient can stand 
the pain. However, pain often leads to movement artefacts, 
so it is important that the patient feels ok. 
 
 
 
 
 
 

2. Patients are sitting on the table, lifting slightly on their 
buttocks so the pillow can be placed slightly below, and sit 
down on the cushion's edge. 
 
 
 
 
 
 
 

3. The patient sits down over the pillow. Locate where Iliac 
Crest. 
 
 
 
 
 
 
 

4. Lift the patient and move the pillow down so the Iliac 
Crest is about 2-3 cm below the top of the pillow. Then L4-
L5 ends up where the bending on the pillow is at its 
greatest. If the patient can take it, change to a higher 
pillow.  
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5. If the patient experiences pain, putting the patient’s  
hands over the head can reduce it. 
 
Take CT image for backward/extension bending. The 
position is often perceived as unpleasant and painful,  
and this can lead to movement artefacts, especially if the 
patient needs to wait in this position, so the imaging  
should be accelerated. 
 
 
 

6. Ask the patient to kneel and hands on the table and put 
pillows under the stomach. The number of pillows used 
depends on the patient. The butt may run into CT if the 
patient is big and you take too many pillows. But, if you 
take too few pillows, the bend becomes insufficient and 
harder to diagnose. Slim patients can have more pillows. 
 
NOTE, be sure to change the patient position setting in  
the CT. 
 

7. Patient settles on stomach over pillows. The anatomy you 
want to examine should be over the top of the pillow. 
 
Forward bending CT is taken according to protocol. If 
possible, the arms are placed outside the beam. Have 
patient place arms above head if possible (superman).  
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IMA Cervical spine – placement of patient 
Have the protocol in the CT computer ready before the patient settles on the table as longer time on 
the table can become uncomfortable for the patient. 
 
 
1. Patient settles on the side. The hip should be straight and 

the shoulder portion should be straight so that the back is 
straight. Lay enough pillows under the head so that the 
neck is fairly straight in the starting position. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Ask the patient to extend the chin upwards as much as they 
can. It is important that the patient feels that they can lie 
still in the position while CT is being taken. 
 
Run the CT 
 
 
 
 
 

3. Then ask the patient to bring their chin as close to their  
chest as possible. Move the pillows so that they support  
well. 
 
Run the CT 

 
 

 


