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Modular stems offer to surgeons the flexibility to adjust intraoperatively the femoral neck version inde-
pendently of individual femoral geometry that theoretically can minimize the bearing surface wear, poten-
tial implant loosening and the rate of dislocation. Excellent functional outcomes and survivorship rates of 
modular stems has been reported in the literature but increasing modularity also renders several postulated 
disadvantages such as implant fracture, fretting and galvanic corrosion, pseudotumor formation and in-
creased rate of revisions for stem loosening, dislocation and adverse local tissue reactions. We report here 
three cases of modular femoral neck fractures in patients who underwent a primary total hip arthroplasty in 
our department and also, we present a systematic review of similar cases in the literature trying to identify 
the incidence and the main risk factors.
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Introduction
Modular stems in Total Hip Arthroplasty (THA) 
have been introduced to provide an anatomic res-
toration of native hip biomechanics, especially the 
femoral offset, that theoretically can minimize the 
bearing surface wear, potential implant loosening 
and the rate of dislocation [1-3]. Excellent mid- and 
long-term functional outcomes and survivorship of 
modular stems has been reported in the literature 
[4,5] but increasing modularity also renders several 
postulated disadvantages such as implant fracture, 

fretting and galvanic corrosion, pseudotumor for-
mation and increased rate of revisions for stem loos-
ening, dislocation and adverse local tissue reactions 
[6-8]. 

Modular neck fracture carries an estimated inci-
dence of 0.26% and is considered a severe complica-
tion of modular THA as it usually requires a major 
revision stem surgery in an otherwise well-fixed 
femoral component [9-12]. We report three cases 
of modular femoral neck fractures in patients who 
underwent a primary THA in our department and 
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also, we present a systematic review of similar cases 
in the literature. 

Cases Presentation
Case 1: A 44-year-old woman, with a BMI of 27.2 and 
a clear medical history, underwent a left THA in our 
department due to severe osteoarthritis in the pres-
ence of congenital hip dysplasia and slipped capital 
femoral epiphysis (Fig 1a). Through a mini-poste-
rior approach, a metal-on-metal prosthesis was ap-
plied, with a 50 mm CONSERVE MOM acetabular 
shell, 44 mm medium metal head, and a no. 6 PRO-
FEMUR®-L femoral stem with modular AR/VV 2 
long-neck (Wright Medical Technology, Arlington, 

TN, USA) [Fig 1b]. The regular annual follow-up 
indicated undisputable integration of the prosthe-
sis and excellent clinical performance. Four years 
later, she attended the Emergency Department with 
acute left hip pain and inability for weight bearing. 
Until that moment, no complications or symptoms 
by the THA were mentioned and full compliance 
to all respective instructions and restrictions was 
reported. On clinical examination she had pain dur-
ing motion, restricted ROM and shortening of the 
left limp. Radiological control revealed a fracture 
of the femoral stem at the neck-stem junction area 
(Fig 1c). Two days later, she underwent revision 
THA through the old posterior approach. The fem-

Figure 1. (a) preoperative x-ray of a 44-year-old patient with osteoarthritis, hip dysplasia and slipped capital femoral 
epiphysis, (b) 2-month postoperative x-ray after THA implantation, (c) fracture of the femoral neck at 4 years postop-
eratively, (d) intraoperative photo of the broken implant, (e) 3-month postoperative x-ray after revision surgery with a 
Wagner type stem and extended osteotomy and (f) last follow up x-ray at 3 years post-revision.

Figure 2. (a) preoperative x-ray of a 64-year-old patient with osteoarthritis of the hip, (b) 3-month postoperative 
x-ray after THA implantation, (c) fracture of the femoral neck at 5 years postoperatively, (d) 1-month postoperative 
x-ray after revision surgery with a Wagner type stem and extended osteotomy and (e) last follow up x-ray at 11 years 
post-revision.
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oral stem (Fig. 1d) was firmly integrated and was 
revised with an open book femoral osteotomy us-
ing a cementless Wagner 16mm/265mm prosthesis 
(Zimmer GmbH, Winterthur, Switzerland) with a 
short neck and a 44 mm metal head (Fig 1e). Two 
cerclage wires were used for femoral osteosynthe-
sis. Intraoperative cultures revealed the presence 
of Enterococcus Faecium and the patient was hos-
pitalized for 3 weeks receiving intravenously line-
zolid and meropenem. She was discharged afebrile 
following the usual mobilization protocols. At the 
3-year follow up appointment (Fig. 1f) she had nor-
mal range of hip motion, painless weight-bearing, 
no limb-length discrepancy and she demonstrated 
a Harris-Hip score of 90. 

Case 2. Α 64-year-old man, with a BMI of 32.3, 
a medical history of Diabetes, Hyperlipidemia and 
Arterial Hypertension, underwent a right THA in 
our department because of primary hip osteoar-
thritis (Fig 2a). Through a mini-posterior approach 
an uncomplicated metal-on-metal prosthesis was 
applied, with 54mm CONSERVE MOM acetabular 
shell, 48mm medium metal head, and a no. 5 PRO-
FEMUR-L® femoral stem with a long, high offset 
neck (Wright Medical Technology, Arlington, TN, 
USA). The postoperative follow-up up to 3 years in-
dicated undisputable integration of the prosthesis 
and excellent clinical outcome (Fig 2b). Five years 
later, the patient was transferred to our hospital 
after a sudden right hip pain and subsequent fall 
at his home with inability to bear weight thereaf-
ter. Until that moment, no complications or symp-

toms by the THA were mentioned and full compli-
ance to all respective instructions and restrictions 
was reported. The clinical examination revealed 
restricted ROM at the right hip, shortening of the 
right limp and weight bearing inability, because of 
the acute pain in the area. No other symptoms or 
signs were reported. The radiological examination 
revealed a fracture of the femoral stem at the femo-
ral neck-stem junction area (Fig 2c). Three days later 
he underwent revision right THA through the old 
posterior approach. The femoral stem was firmly 
integrated and revised, via an open book femoral 
osteotomy, to a cementless Wagner 16mm/265mm 
femoral stem with a standard neck and a 48mm 
metal head. Three cerclage wires were used for the 
femoral osteosynthesis and 2 Ethibond no.5 sutures 
for stabilization of the greater trochanter. The post-
operative x-ray control of the revised femoral stem 
indicated an acceptable femoral osteosynthesis and 
mounting of the new prosthesis (Fig 2d). The pa-
tient was hospitalized for 9 days in total and was re-
leased following the usual mobilization protocols. 
At his last follow up evaluation, 11 years post revi-
sion surgery (Fig 2e) he had a painless hip motion, 
1 cm length discrepancy without any compromise 
during walking and a Harris Hip Score of 87.   

Case 3. A 64-year-old man with a BMI of 33.4, a 
medical history of chronic renal failure, left pyone-
phrosis (fistula), arterial hypertension, eye cataract 
and hyperuricemia, underwent a right THA be-
cause of primary osteoarthritis of his right hip (Fig 
3a). Through a mini-posterior approach, an uncom-

Figure 3. (a) preoperative x-ray of a 64-year-old patient with hip osteoarthritis, (b) 15-days postoperative x-ray after 
THA implantation, (c) fracture of the femoral neck at 6 years postoperatively, (d,e) intraoperative photos of the extend-
ed osteotomy and the broken implant, (f) 3-month postoperative x-ray after revision surgery with a Wagner type stem.



350 acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 73 | ISSUE 4 | OCTOBER - DECEMBER 2022

tAblE 1. 
Case reports of modular stem fractures in the literature

Study / (year) No pts Implant type Gender Age BMI Failure (m) Symptoms

1. Lee15 (2001) 2 Exactech 
Exactech 

male
male

69
53

29.3
36

43
45

sudden pain 
sudden pain

2. Botti16 (2005) 1 AML; DePuy male 90 27.2 176 one month pain

3. Skendzel27 (2010) 2 Profemur Z
Profemur Z

male
male

55
67

31.2
34.6

44
29

Hip pain, creaking, sudden 
sensation of hip instability
Hip pain, inability to ambulate, 
creaking

4. Wilson33 (2010) 1 Profemur Z male 62 25.6 25 sudden hip pain and inability

5. Wright34 (2010) 1 Profemur Z male 49 39.3 44 fall from standing height

6. Atwood35 (2010) 1 Profemur Z male 30 29 22 fall from standing height

7. Dangles36 (2010) 1 Wright male 66 NA 42 sudden hip pain and inability

8. Kohler37 (2010) 2 Metha
Metha

male
male

69
52

27.8
27.2

18
20

sudden hip pain
sudden hip pain

9. Paliwal38 (2010) 1 Acumatch 
M-series

male 43 36.5 38 NA

10. Gilbert39 (2011) 1 Profemur Z male 56 NA 72 sudden hip pain

11. Vučajnk17 (2012) 1 GSP male 56 31.6 144 fall from standing height

12. Ellman18 (2013) 1 Profemur Z male 59 29.6 60 hip and groin pain, clicking, 
subjective instability

13. Sotereanos19 
(2013) 1 Kinectiv stem 

(Zimmer)
male 49 36.6 15 step off 0.5 m truck - pain

14. Mencière20 (2014) 1 ProfemurL female 66 28.7 22 physical activity - hip instability

15. Baratz21 (2014) 1 Meridian female 61 32.4 87 sudden hip pain

16. Hernandez22 
(2015) 1 Profemur male 53 28 42 Sudden hip pain

17. Trieb23 (2015) 1 NA female 60 32.27 144 Fall

18. Fokter24 (2016) 6

Profemur  M
GSP
Profemur Z
Profemur Z
Profemur Z
GSP

male 
male
male
male
male
male

53
42
54
57
37
56

28
30
33
35
34
32

42
37.2
27.6
62.4
72
144

sudden hip pain
sudden hip pain
sudden hip pain
sudden hip pain
sudden hip pain
sudden hip pain

19. Fokter25 (2016) 1 Profemur Z female 54 39.4 93.6 sudden hip pain

20. Ceretti26 (2016) 1 Metha female 43 38.6 29 sudden hip pain and inability, 
clicking

21. Uchiyama28 (2017) 1 MODULUS Female 47 32.8 44 carry weight - sudden pain - hip 
instability

22. Murena29 (2019) 2 Profemur L male 48 28.02 48 jump from 1m height - crack

Profemur male 77 28.73 48 sudden hip pain

23. Regis30 (2019) 1 SCL stem male 64 32.6 144 fall from standing height

24. Lanzuti31 (2019) 1 Profemur 
Gladiator male 66 27.8 45 NA

25.  Fokter32 (2021) 1 
(bilateral)

An.C.A. Fit
An.C.A. Fit

male 38 31.5 240 (R)
36 (L)

sudden hip pain
sudden hip pain
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plicated metal-on-polyethylene prosthesis was ap-
plied with a 54mm PERFECTA acetabular shell, 28 
acetabular liner, 28mm/10.5 metal head, and a no. 6 
PROFEMUR-L® femoral stem with modular AR 15ο 
long neck (Wright Medical Technology, Arlington, 
TN, USA). The postoperative x-ray control of the 
THA indicated a totally acceptable mounting and 
orientation of the prosthesis (Fig 3b). The patient 
was hospitalized for 7 days, with no postoperative 
complications and he followed the usual mobiliza-
tion protocols having an excellent clinical and ra-
diological outcome at his annual examinations. Six 
years later, he experienced an acute right hip pain 
while dancing and he fell to the ground being un-
able for full weight bearing. Until that moment, no 
complications or symptoms by the THA were men-
tioned and full compliance to all respective instruc-
tions and restrictions was reported. He was trans-
ferred to the hospital whereas a radiological control 
of the right hip revealed a fracture of the femoral 
stem at the femoral neck-stem junction area (Fig 3c). 
Three days later he underwent revision right THA 
through the old posterior approach. The femoral 
stem was fully integrated and an extended femoral 
osteotomy was performed (Fig 3d,e) for removal. 
A cementless Wagner 17mm/265mm femoral stem 
prosthesis with a standard neck and 28mm standard 
metal head was applied. Four cerclage wires were 
used for the femoral and greater trochanter osteo-
synthesis. There were no intraoperative complica-
tions, and the postoperative x-ray control of the re-
vised femoral stem indicated an acceptable femoral 
osteosynthesis and mounting of the new prosthesis 
(Fig 3f). The patient was hospitalized for 17 days be-
cause of a substantiated urinary tract infection with 
Pseudomonas Aeruginosa and was discharged fol-
lowing the usual mobilization protocols. At his last 
follow up 9 years postoperatively, he demonstrated 
a Harris-Hip score of 90 but he refused to undergo a 
new radiological examination. 

Discussion
Modular stems offer to surgeons the flexibility to 
adjust intraoperatively the neck version and limb 
length independently of stem size and individual 

femoral geometry. Satisfying functional outcomes 
have been demonstrated by single center studies af-
ter primary THA with modular femoral stems; Van-
biervliet et. al. [13] presented a 100% survivorship of 
the implant (stem and modular neck) at a mean of 6.5 
years without reporting signs of osteolysis or calcar 
resorption, radiolucent lines, either at the stem-ce-
ment or cement-bone interface or important stem 
subsidence. Krishnan et. al. [14] stated that there is 
insufficient evidence to confirm the perceived bene-
fits of THA modularity as the additional metal junc-
tion is vulnerable to mechanical failure, component 
disassociation and mechanically assisted crevice 
corrosion. Other studies [1,6,7] have demonstrated 
acceptable mid-term clinical results presenting a 
profile of high risk of early implant failure in males 
with high BMI, requiring larger neck, offset or head 
and CoCr material. The published overall complica-
tion and revision rate of modular femoral stems are 
3.95% and 6.5%, in respect [1, 6]. Colas et al. [8] re-
ported an increased hazard ratio (1.26%) of revision 
in 324.108 patients with modular stems, using the 
French national health-insurance databases; after 
dealing with cause-specific revision, exchangeable 
neck THAs had a higher incidence of revision for 
implant failure or periprosthetic fracture (1.68%), 
and for mechanical complications (1.27%).

Our systematic literature review revealed a to-
tal of 25 articles including 35 cases of modular 
neck fractures after primary THA in 34 patients [ 
15-39] (Table 1). In 20/35 cases the fractured stem 
was of a PROFEMUR type (Wright Medical Tech-
nology, Arlington, TN, USA).  The mean age of 
the patients in the primary THA was 55.85±2.05 
years, 28 patients (82.35%) were male, the aver-
age BMI was 31.63±0.68 kg/m2 and the majority 
of the modular necks were long (29/35: 82.85%). 
The incidence of modular neck fracture occurred in 
average 64.53±8.8 months after the primary THA. 
Most of the patients (24: 68.6%) referred an atrau-
matic cause, presented with sudden hip pain and 
hip instability. The treatment consisted of revision 
procedure; in 27 (77.1%) of the cases the surgeons 
reported inability to remove the modular neck 
from the femoral component, thus extended tro-
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chanteric osteotomy was needed in order to revise 
the femoral component. 

With the exception of the young female patient 
with a normal BMI, the other two patients demon-
strated all the proposed risk factors for neck fractur-
ing:  male gender, > BMI, long modular neck. All 
of them did not report previously any sign of thigh 
or hip pain, squeaking or instability and under-
went an extended trochanteric osteotomy for stem 
exchange with good final outcome. Other risk fac-
tors that could affect the neck area of the modular 
femoral stems are the increased lateral offset, varus 
stem positioning and inconsistency in the assembly 
of modular heads due to the force of impaction, the 
vector of applied force and the contamination of the 
interface as well as defects in welding of neck to 

the prothesis, the heavy laser etching in the region 
and the crevice corrosion in the head-neck junction 
[15,16,39-41].

Conclusion
THA modularity can restore the native hip biome-
chanics and provide excellent clinical outcome and 
survivorship, however there is a group of patients in 
which surgeons should be cautious selecting modu-
lar stems due to the increased risk of modular neck 
fracture. Male patients with increased BMI, and long 
modular necks should be followed up closely with 
serial x-rays for early signs of corrosion. If a fracture 
occurs, an extended osteotomy should be planned 
for stem revision as usually the broken neck cannot 
be removed. A
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