
HAL Id: hal-03488068
https://hal.science/hal-03488068v1

Submitted on 20 Jul 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Ten-year outcomes of cementless anatomical femoral
implants after 3D computed tomography planning.

Follow-up note
Olivier Tostain, Emmanuel Debuyzer, Kevin Benad, Sophie Putman, Adeline

Pierache, Julien Girard, Gilles Pasquier

To cite this version:
Olivier Tostain, Emmanuel Debuyzer, Kevin Benad, Sophie Putman, Adeline Pierache, et al.. Ten-
year outcomes of cementless anatomical femoral implants after 3D computed tomography planning.
Follow-up note. Orthopaedics & Traumatology: Surgery & Research, 2019, 105, pp.937 - 942.
�10.1016/j.otsr.2019.04.019�. �hal-03488068�

https://hal.science/hal-03488068v1
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


Original article  

Ten-Year Outcomes of Cementless Anatomical Femoral Implants after 3D Computed 

Tomography Planning. Follow-up note. 

 

 

Olivier Tostain a,b,*, Emmanuel Debuyzer a,b , Kevin Benad a,b, Sophie Putman a,b , Adeline 

Pierache c, Julien Girard a,b, Gilles Pasquier a,b 

 

a Service d’orthopédie, département universitaire de chirurgie orthopédique et de 

traumatologie, hôpital Salengro, CHRU de Lille, place de Verdun, 59037 Lille, France; 

Faculté de médecine, université Lille-Nord-de-France, 59000 Lille, France  

b Faculté de médecine, université Lille-Nord-de-France, 59000 Lille, France 

c Unité de Méthodologie - Biostatistique et Data Management –Maison Régionale de la 

Recherche Clinique - CHRU de Lille, Lille, France 

 

*Corresponding author: Olivier Tostain, Département universitaire de chirurgie 

orthopédique, service d’orthopédie C et D, hôpital Roger-Salengro, université Lille-2, CHRU 

de Lille, 59037 Lille Cedex, FRANCE 

E-mail: oliviertostain@orange.fr  

 

 

 

  

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S1877056819301859
Manuscript_0cb36e3f29cb8fe30be06284e7f6aa48

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S1877056819301859
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S1877056819301859
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S1877056819301859


ABSTRACT 

 

Background: Pre-operative 3D planning based on computed tomography (CT) imaging is 

used to optimise the restitution of normal hip anatomy during primary total hip arthroplasty 

(THA). Although CT planning has been proven effective and reproducible, its influence on 

long-term THA outcomes is unknown. In this 10-year follow-up study of patients managed 

with the same technique of CT-planned primary anatomical THA, the objectives were to 

assess femoral implant survival, long-term functional outcomes, 10-year outcomes of titanium 

modular femoral necks, and associations with the dislocation rate.  

Hypothesis: Pre-operative CT planning of primary THA ensures achievement of the NICE 

criterion of a lower than 5% femoral revision rate within 10 years. 

Material and Methods: The study included 61 patients (61 hips) managed between 2004 and 

2007 by CT-planned primary THA via the posterior approach, with an uncemented 

anatomical femoral component (SPS®, Symbios); when deemed necessary by the surgeon to 

restore normal anatomy, a titanium modular femoral neck was used (35/61 patients). After 10 

years, 17 patients had died and 3 were lost to follow-up, leaving 41 patients with a mean age 

of  76 years (range, 60-91 years) for re-evaluation. Clinical outcomes were assessed by 

determining the Harris Hip Score (HHS) and the Postel-Merle d’Aubigné (PMA) score, which 

were compared to baseline values. Radiographs were evaluated using the AGORA 

Roentgenographic Assessment system (ARA).  

Results: The 10-year femoral component survival rate was 96% (95%CI, 88;99%). Revision 

was required in 4 patients, to treat delayed peri-prosthetic fractures (n=2) or to correct initial 

cup malposition (n=2). No changes occurred from 2010 to last follow-up in the mean HHS 

(90 [95%CI, 84;95] and 91 [95%CI, 77;96], respectively) or mean PMA score (16 [95%CI, 

14;17] and 15.5 [95%CI, 14;16.5], respectively). The mean ARA score was 5.2 (range, 3-6) at 



last follow-up. No complications related to the use of modular femoral necks were recorded. 

Dislocation occurred in 2 patients, but in neither was the pre-operative plan followed during 

surgery.  

Discussion: The SPS® stem produced good 10-year clinical and radiographic outcomes. No 

patients experienced complications related to use of a titanium modular femoral neck. The 

restoration of anatomical hip geometry made possible by pre-operative CT planning provided 

sustained clinical improvements with a low complication rate.  

Level of evidence : IV, retrospective observational cohort study 

 

Key words: Total hip arthroplasty. Anatomical femoral implant. HIP. Pre-operative 3D 

planning. Computed tomography. 

  

  



1. Introduction  

 

Pre-operative 3D planning based on computed tomography (CT) imaging is used to 

optimize the restoration of normal hip anatomy during total hip arthroplasty (THA).  

Although CT planning has been proven effective and reproducible [1], its influence on long-

term THA outcomes is unknown. Modular femoral necks in combination with 3D CT 

planning were introduced recently to improve the match with native hip geometry in each 

individual patient [2,3]. However, their use remains limited and highly controversial [4–6].  

In 2010, we reported on the changes in femoral offset induced by THA as measured using a 

CT evaluation protocol [7].  

To the best of our knowledge, only few studies have assessed functional outcomes after 

CT-planned THA [8]. Moreover, their follow-up durations were less than 10 years, and none 

evaluated functional score changes over time. Therefore, to extend our 2010 findings [7], we 

conducted a second study, in 2017, in the same patient population managed with primary 

anatomical THA. The objectives were to assess femoral implant survival, long-term 

functional outcomes, 10-year outcomes of titanium modular femoral necks, notably those 

with a large offset or long varus configuration, and associations with the dislocation rate. The 

working hypothesis was that pre-operative 3D CT planning ensured achievement of the NICE 

criterion of a lower than 5% femoral revision rate within 10 years [9]. 

 

2. Material and Methods 

  

2.1. Patients 

The initial retrospective cohort was composed of 61 patients managed with unilateral 

primary THA between September 2004 and March 2007. Figure 1 is the patient flow chart. At 



re-evaluation in 2017, 17 patients had died and 3 were lost to follow-up. Tables 1 and 2 report 

the main patient characteristics and list the inclusion and exclusion criteria.  

 

2.2 Methods  

In all 61 patients, the same surgeon (GP) performed unilateral primary THA via the 

postero-lateral approach, with capsular suturing. Pre-operative 3D CT planning was 

performed using HipPLAN software (Symbios, Yverdon-les-Bains, France). Based on the 

results, the size of the femoral component and most appropriate type of femoral neck were 

determined. The femoral component was the anatomical SPS® (Symbios, Yverdon, 

Switzerland) made of a titanium alloy with hydroxyapatite coating of the metaphyseal 

surface. This component was available as a monoblock version and as a modular version with 

a titanium Morse taper. The modular version was chosen when deemed necessary by the 

surgeon to restore native hip anatomy [7], i.e., in 35 patients, including 24 who received a 

long varus neck and 11 a short varus neck. The goal was to restore normal, or to correct 

abnormal, native offset and lengths, as appropriate. Table 3 reports data on hip reconstruction 

accuracy.  

We did not evaluate the outcomes of the acetabular component, as the bearing couple 

was metal-polyethylene in some patients and ceramic-polyethylene in others. A single-

mobility hydroxyapatite-coated cup was used. Femoral head diameter was 28 mm.  

 

2.3 Assessment methods 

The patients were re-evaluated in 2017 by an assessor who had not been involved in 

performing the THA procedures. Femoral component survival was assessed using femoral 

revision as the criterion for failure. The Harris Hip Score (HHS) [10], Postel-Merle-

D’Aubigné (MPA) score [11], and Oxford Hip Score (OHS) [12] were determined and the 



values compared to those obtained in 2010. The radiographs included an antero-posterior 

pelvic view and antero-posterior and lateral views of the hip in each patient. Two observers 

used the AGORA Roentgenographic Assessment system (ARA) [13] to assess the 

radiographs.  

 

2.4. Statistical analysis 

Qualitative variables were described as n (%), normally distributed quantitative 

variables as mean±SD, and non-normally distributed quantitative variables as median 

[interquartile range]. Distribution normality was assessed graphically and by applying the 

Shapiro-Wilk test. 

The cumulative incidence of femoral revision was estimated using the method devised 

by Kalbfleisch and Prentice and a competing-risks model in which death with no revision was 

the competing risk. Changes in clinical and radiographic variables over time were evaluated 

using the Wilcoxon test for paired samples. The statistical analyses were done using SAS 

version 9.4 software (SAS Institute, Cary, NC, USA). All tests were two-sided, and p values 

smaller than 0.05 were taken to indicate significant differences.  

 

3. Results 

 

The 10-year femoral component survival rate was 96% (95% confidence interval 

[95%CI], 88%;99%) (Figure 2). No significant changes occurred between 2010 and 2017 in 

the median HHS (90 [95%CI, 84;95] and 91 [95%CI, 77;96], respectively; p=0.49) or median 

PMA score (15.5 [95%CI, 14;16.5] and 16 [95%CI, 14;17], respectively; p=0.078). At last 

follow-up, the median OHS was 17.2/60 (95%CI, 15;19); the highest value was 12.   



None of the re-evaluated patients reported thigh pain. The data in Table 4 illustrate the 

stability of the hip scores between 2010 and 2017.   

Full sets of radiographs taken at last follow-up were available for 40 of the 41 patients. 

The mean ARA score at last follow-up was 5.2 (range, 3-6) and was not significantly different 

from the mean value in 2010 (Table 3). A stable area of bridging sclerosis at the tip of the 

femoral component with no surrounding radiolucent line was visible in 4 patients. Spot 

welding was seen in zones 2 and 6 in 11 (27.5%) patients. No patient had evidence of stress 

shielding or cortical thinning over the femoral component (Figure 3). 

A modular femoral neck was used in 35 of the 41 patients, including 24 who received 

the long varus and 11 the short varus variant. No failures of either type of modular femoral 

neck were recorded during follow-up.  

Femoral component revision was required in 3 patients. Among them, 2 experienced 

peri-prosthetic fractures due to falls 18 months and 10 years post-operatively. Both patients 

were managed by bipolar revision. The remaining patient required bipolar revision 6 years 

post-operatively due to recurrent dislocation.  

Dislocation occurred in 2 (3%; 95%CI, 1.3%-7.3%] patients. One was the above-

mentioned patient who required bipolar revision due to anterior dislocation 6 months post-

operatively. The other patient had the cup replaced by a dual-mobility cup 4 years post-

operatively due to posterior dislocation, with the femoral component left in place. In the 

patient with anterior dislocation, cup anteversion was 45° instead of the planned 23°, and 

femoral anteversion was 30° instead of the planned 20°. The posterior cam effect and 

recurrent dislocation had resulted in polyethylene wear. In the patient with posterior 

dislocation, the planned targets had not been met either (cup anteversion was 17° instead of 

the planned 25°). This patient reported a feeling of hip instability as early as 1 year post-

operatively.  



In 2 patients, prosthetic joint infection developed, before 2010, 3 and 48 months post-

operatively. The causative organism was Proteus mirabilis in the first case and a 

streptococcus in the second case. Both patients recovered fully after simple irrigation and 

appropriate antibiotic therapy. 

 

4. Discussion 

 

The anatomical SPS® femoral component implanted after 3D CT planning produces 

good long-term outcomes and meets the NICE criterion of a less than 0.5% femoral revision 

rate per year. Importantly, the 96% 10-year femoral component survival rate was computed 

with death as a competing risk, to factor in the high 10-year mortality rate in our population. 

The findings from our 2010 study [7] demonstrated benefits from using a modular femoral 

neck combined with pre-operative 3D CT planning to restore large offsets. We therefore felt it 

was important to obtain data on implant survival and long-term outcomes after THA using a 

modular femoral neck. The follow-up data reported here indicate that the good early 

functional outcomes found in the earlier study are sustained over time. Similar results were 

obtained by Sariali et al. [8] and Mouttet et al. [14] using the same implant and 3D planning 

method but different surgical approaches (Table 5, [15,16,17]). The outcomes in our 

population are comparable to those in other case-series studies of primary uncemented THA 

(Table 5).  

Our 2010 study [7] focussed on restoration of normal hip geometry. Here, the 10-year 

radiographic outcomes indicate good implant fixation in the long term. Ramaniraka et al. [18]  

suggested that the extra-medullary design of an uncemented femoral component (anteversion 

and retroversion, neck varus and valgus) may significantly influence fixation quality of the 

intra-medullary part of the stem. 



Sariali et al. [19] highlighted the importance of proximal femoral anatomy, notably 

anterior metaphyseal flare, when using short stem designs. The SPS® stem used in our 

patients features 15° of proximal helitorsion and 42° of lateral flare, which, combined with 

the greater antero-posterior bulk compared to straight stems, increases stability by providing 

good intra-medullary contact, thereby ensuring strong long-term fixation. 

None of the re-evaluated patients reported thigh pain. The radiographic outcomes were 

good, as shown by the high ARA scores. No radiographic evidence of stress shielding or 

distal fixation was observed [20]. We believe that the anatomical metaphyseal fixation of the 

SPS® stem ensures physiological load transfer to the cancellous bone, thereby optimising 

bone remodelling [21] and minimising stress shielding [22] and the attendant thigh pain [20]. 

In a study by Flecher et al. of patients younger than 50 years of age [23] in which the stem 

was custom-made based on CT modelling, no instances of thigh pain were recorded. These 

data support the possibility that tailoring the stem to the intra-medullary femoral geometry 

may minimise thigh pain [8]. Furthermore, work by Flecher et al. [23-24] showed good 

outcomes with custom-made stems designed with HipPLAN software, which was also used in 

our study. 

The dislocation rate in our population was consistent with earlier reports of dislocation 

in 2% to 5% of cases [25–27]. In both patients with dislocation in our study, implant version 

differed from the intended value determined by pre-operative planning. In most of our 

patients, a modular titanium neck was used. In the initial cohort [7], a long varus femoral neck 

was often combined with a short or medium-length stem to adapt to this common anatomical 

characteristic. No complications related to modular long varus femoral necks were recorded 

in our patients.  

Modular femoral neck implants have been blamed for metal wear particle production, 

implant fractures, corrosion, allergic reactions, and fluid-filled pseudo-tumours [6,28,29]. A 



2017 meta-analysis by Colas et al. [4] showed shorter survival with modular necks compared 

to monoblock necks. No fractures or signs of osteolysis possibly related to corrosion were 

noted in our patients. However, our patients did not undergo blood metal assays or 

ultrasonography. Nonetheless, of the 35 patients with modular necks, 32 were completely free 

of pain. Corrosion is usually responsible for pain or osteolysis. Thus, the existence of 

corrosion in our patients with a follow-up of at least 10 years is unlikely. The absence of 

femoral neck fractures in our patients may be ascribable to the avoidance of extreme 

constructs (long varus neck and long femoral head augment), which were deemed excessively 

hazardous, and to the unavailability of 16-mm varus necks at the beginning of the study 

period. 

The limitations of our study include the high mortality rate ascribable to the 

compromised health status of many patients at the time of surgery. Thus, 25 patients had an 

American Society of Anesthesiologists score ≥3, and among them 9 died before the 2017 re-

evaluation. Finally, differences in the bearing couple of the acetabular component precluded 

an assessment of the acetabular cup.  

 

5. Conclusion 

 

The SPS® stem met the NICE criterion, provided good 10-year functional outcomes, 

and remained stable over time. In 2010, Pasquier et al. [7] reported the use of 3D CT planning 

combined with implantation of a modular neck to restore native offset, including long varus 

necks in some patients. At present, the use of modular necks remains extremely limited. 

Nevertheless, none of our patients experienced any of the complications classically ascribed 

to modular necks. One possibility is that 3D CT planning optimised the use of modular necks. 



We are not aware of any studies comparing long-term outcomes after 2D versus 3D planning. 

Such a comparison in a large population would be of interest.  
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FIGURE LEGENDS 

 

Figure 1: Patient flow chart, starting with the 61 patients in the initial cohort study 

 

Figure 2: Plot of femoral component survival, with death as a competing risk 

 

Figure 3: Hip radiograph taken 10 years after primary total hip arthroplasty -- Modular SPS® 

stem  

 

  



 

 

Table 1: Main features of the study population – inclusion and exclusion criteria 

Variable Value 

N of patients in the initial cohort 61 

Males/Females 16 / 45 

Age at THA, years, mean (range) 74 (44-83) 

Body mass index, kg/m2, mean 30.5  

Body mass index >30, n 32  

ASA score [9], median [IQR]  2 [1- 4] 

N of re-evaluated patients  41 

N of patients who died during FU 17 

N of patients lost to FU 3 

Age at re-evaluation, years, mean (range) 

Inclusion criteria 
 

 

 

 

 

 

 

Exclusion criteria 

76.1 (60-91) 

Primary hip OA, no requirement for concomitant 

osteotomy (pelvis or femur), pre-operative CT planning 

stabilising feasibility (no extreme sizes, no extreme 

modular neck constructs)   

THA for developmental dysplasia, history of hip 

infection, history of hip injury, pre-operative CT 

planning showing doubtful results or suggesting hazards 

(construct requiring an extreme neck, extreme size), 

osteopenia 

THA, total hip arthroplasty; ASA, American Society of Anesthesiologists; FU, follow-up; OA, osteoarthritis 

 

  



Table 2: Reasons for primary total hip arthroplasty  

Reason N % 

Primary hip OA 55 90 

OA complicating moderate dysplasia 4 7 

Avascular necrosis 1 1.5 

Residual fracture deformity  1 1.5 

OA, osteoarthritis 



Table 3: Changes from before to after surgery in femoral offset, femoral anteversion 

and lengths  

 

 
Population Pre-operative femoral 

offset, mm, mean±SD 
(range) 

N of 
patients 

Post-operative femoral 
offset, mm, mean±SD 
(range) 

Difference, mm, 
mean±SD 

Overall 42.90 ± 5.43 (31-55)  

 

61 44.68 ± 6.29 (2857)  

 

1.88 ± 4.71  

 

Long varus neck 45.54 ± 5.27 (32-55)  

 

24 48.58 ± 3.86 (41-57)  

 

3.04 ± 3.92  

 

Short varus neck 42.27 ± 4.27 (34-49)  

 

11 42.73 ± 4.84 (3549)  

 

0.45 ± 4.08  

 

Straight neck 40.63 ± 5.04 (31-51)  26 41.89 ± 6.65 (2856)  

 

1.26 ± 5.54  

 

 Pre-operative femoral 

anteversion, °, mean±SD 

 Post-operative femoral 

anteversion, °, mean±SD 

Difference, °, mean±SD 

Overall 24.29° ± 9.39 61 25.94 ± 10.35 2.07±4.39 

 Pre-operative length, mm, 

mean±SD (range) 

 Post-operative length, mm, 

mean±SD (range) 

Difference, mm, 

mean±SD 

Overall 

(population with 

available data) 

751 ± 48 (650-869)  58 753 ± 48 (655-870)  1.66 ± 5.63  

 

  



 

 

Table 4: Harris Hip Score (total and individual items), Postel-Merle d’Aubigné score, 

and AGORA Roentgenographic Assessment score before surgery then 5 and 10 years 

later 

 
 

 

Parameters 

Before surgery, 

median [IQR] 

(n = 61) 

After 5 years, 

median [IQR] 

(n = 54) 

After 10 years,  

median [IQR] 

(n = 41 ) 

p value 

2010 vs. 

2017 

p value 

pre-

operative 

vs. 2017 

Total HHS [10] 43 [35-50]  90 [84-95] 91 [77-96] 0.497 <0.0001 

HHS, pain  10 [10-20] 40 [40-44] 40 [40-44] 0.476 <0.0001 

HHS, walking  18 [12-18] 29.5 [24-33] 30 [23-33] 0.093 <0.0001 

HHS, activity 7 [7-9] 12 [11-14] 11 [9-13] 0.082 <0.0001 

HHS, mobility 4 [3-5] 9 [8-10] 6 [6-6] 0.031 <0.0001 

PMS score [11] 8. 5 [7-10] 16 [14-17] 15.5 [14-16.5] 0.078 <0.0001 

Score ARA [13]  5.3 [4-6 ] 5.2 [4-6 ] 0.442  

 

IQR, interquartile range; HHS, Harris Hip Score; PMS, Postel-Merle d’Aubigné; ARA, 

AGORA Roentgenographic Assessment  

 

 

  



Table 5: Long-term outcomes of uncemented femoral stems in previous studies and our 

study  

 

Authors Femoral implant Mean FU, 

years 

Population  Survival 

(% at last 

FU) 

Mean HHS  

Our study SPS Symbios 10 61 96 91 

Mouttet et al. [14] SPS Symbios 5 176 98.8 93.1 

Sariali et al. [8] SPS Symbios 10 171 97 90 

Migaud et al. [15] Alloclassic-SL 15 83 96 - 

Epinette et al. [16] ABG II 10 1053 99.7 94.7 

Bidar et al. [17] ABG I 13 111 94.3 87.3 

FU, follow-up; HHS, Harris Hip Score 



	
	
Figure 1 : Study flowchart about the 61 patients of initial publication.  

	
	
	
	

Monoblock	stem	:	16	
Modular	stem	:	45	

(including	24	long	varus)	

	Lost	to	follow-up	:	3	
Deceased	:	17	

Monoblock	stem	:	9	
Modular	stem:	32	

(including	15	long	varus)	

Re-evaluated	in	2017	:	41	

	
Initial	population	=	61	

	



Figure 2 :	Survival	curve	of	the	stem,	decease	considered	as	competitor	event.	 

	



Figure	3	:	Radiographic	results	at	ten	years.	SPS	modular	stem.	
	

	




