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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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MID-TERM CLINICAL AND RADIOLOGICAL OUTCOMES OF SHORT-STEM 
VERSUS CONVENTIONAL-STEM TOTAL HIP ARTHROPLASTY IN PATIENTS WITH 

OSTEONECROSIS OF THE FEMORAL HEAD: A PROSPECTIVE CASE-CONTROL STUDY
Daniel Godoy-Monzon, Patricio Telesca, Jose Manuel Pascual Espinosa.

Orthopedic and Traumatology Service, Joint Replacement Unit, Hospital San Rafael, Cadiz, España, Diego Arias 2, CP 11200.

Abstract.
Background: Total hip arthroplasty (THA) in young patients 

with osteonecrosis of the femoral head (ONFH) poses unique 
challenges related to bone preservation and implant longevity. 
Short femoral stems have gained popularity due to their bone-
conserving design, but limited evidence exists regarding their 
performance in ONFH.

Methods: A single-centre, prospective case–control study 
was conducted involving 108 patients undergoing primary 
cementless THA for ONFH. Twenty-seven patients received 
a metaphyseal-fitting short femoral stem (Exacta RS®), while 
81 received a conventional length stem (Alteon® or Exacta®). 
All patients received the same uncemented acetabular cup 
(Jump System Traser®). Clinical outcomes were assessed using 
the Harris Hip Score (HHS) and Roles and Maudsley score. 
Radiographic evaluation included stem fixation (Moore signs), 
subsidence, radiolucency, and cup position.

Results: At a mean follow-up of 4.2 years, both groups 
demonstrated excellent clinical improvement. The postoperative 
HHS was 91 ± 3.7 in the short stem group and 92 ± 3.5 in the 
conventional stem group. Radiological assessments revealed 
complete osseointegration, with no evidence of periprosthetic 
osteolysis, femoral radiolucency, or cup loosening in either 
group. Minor, asymptomatic subsidence (2 mm) was observed 
in 2 short stem and 3 standard stem cases. There were no 
significant differences in complication rates, operative time, or 
length of hospital stay.

Conclusion: Short femoral stems provide comparable mid-
term clinical and radiographic outcomes to standard stems in 
young patients with ONFH. These findings support their use as 
a reliable, bone-preserving option in THA for this population.

Level of Evidence: Level III (Case-Control Study)
Key words. Total hip arthroplasty, osteonecrosis, short stem, 

metaphyseal fixation, femoral implant, case-control study.
Introduction.

Total hip arthroplasty (THA) is one of the most successful 
procedures in orthopaedic surgery [1]. As the population ages and 
indications for THA continue to expand, there is an increasing 
demand for surgery in younger and more active patients [2]. 
THA in younger individuals presents unique challenges; 
including higher functional expectations, longer life expectancy, 
and an increased liklihood of future revision surgery [3,4]. Short 
femoral stems have emerged as a promising solution, offering 
metaphyseal fixation that preserves bone stock and facilitates 
a more physiological load distribution [4-7]. Furthermore, 
biomechanical studies have demonstrated that these designs 
can achieve stable fixation and durable osseointegration [8]. 
Short-stem femoral implants showed a mid-term survival rate 

of 99.6%, with favourable radiological and clinical outcomes. 
The principal complications reported include: intraoperative 
fracture, thigh pain and subsidence, with rates comparable to 
those observed with conventional stem THA [9].

Osteonecrosis of the femoral head (ONFH) is a painful disabling 
condition affecting approximately 20,000 new patients annually 
in the United States, predominantly adults aged between 35 and 
55 years [10,11]. ONFH is a progressive disease resulting from 
impaired blood bone supply due to either traumatic and non 
traumatic causes. Once subchondral microcirculation and bone 
remodelling are compromised, microfractures progressively 
accumulate until collapse of the femoral head occurs [12]. 
Various pharmacological and surgical treatments have been 
proposed for the treatment of early stage ONFH, however, once 
subchondral bone has collapsed THA remains the only reliable 
treatment option [13,14]. OFNH accounts for approximately 
3.2% - 6% of all primary total hip replacements in Australian 
and Emilia Romagna (Italy) registries [15,16]. 

Although the relatively young age of patients with ONFH 
makes them ideal candidates for short stem THA, concerns 
remain regarding implantation within or adjacent to pathological 
bone, which may adversely affect osseointegration and implant 
survival. In particular, altered bone quality may increase the 
risk of stem subsidence and incomplete osseointegration [17]. 
Nevertheless, published short- to mid-term outcomes of short 
stems THA in ONFH have generally been favourable, without 
an increased risk of early loosening [18]. 

To date, there is paucity of studies directly comparing short 
and conventional femoral stems THA in patients diagnosed 
with osteonecrosis. The aim of the present study was therefore 
to evaluate and compare the clinical and radiological outcomes 
of a recent short stem versus conventional femoral stems in 
patients undergoing primary cementless THA for ONFH.
Materials and Methods.
Study design:

This prospective case-control study was conducted at a 
single centre, after Institutional Review Board approval was 
obtained (HJMP 05/2020). Written informed consent was 
obtained from all patients. From November 2020 to November 
2022, 108 patients were diagnosed with ONFH following a 
magnetic resonance imaging (MRI). Patients with advanced 
osteonecrosis, classified as Stage III or IV according to Ficat 
and Arlet [19], were scheduled for cementless THA with either 
short of conventional stem. 

Patients aged between 21 and 65-years-old, and with minimum 
2-year follow-up were included in the study. Exclusion criteria 
included previous surgery on the affected hip, metabolic bone 
disease or infection. In case of bilateral hip surgery for ONFH, 
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only one side was considered in the study for analysis. Therefore, 
a total of 108 patients were enrolled in the study. 
Surgical Technique and Postoperative Care:

All procedures were performed by the same arthroplasty team 
using a standardized posterolateral approach with preservation 
of the piriformis tendon [20]. Epidural anaesthesia was used 
in all but two cases, in which previous lumbar spine fixation 
surgery conditioned an alternative technique. 

Femoral neck osteotomy was performed according to 
preoperative templating, using the measured distance from 
the lesser trochanter as a reference and taking stem length into 
account. Acetabulum was reamed until reaching the subchondral 
bone. All the patients received the highly porous uncemented 
Jump System® Traser cup (Permedica Orthopaedics, Italy), 
fixed with 2 cancellous screws. 

Femoral preparation was performed using progressive 
compaction reamers. Patients in the short stem (SS) study 
group received Exacta RS® short femoral stem (Permedica 
Orthopaedics, Merate, Italy), introduced on the market in 
2021. This collarless calcar loading stem is characterized by 
a double-taper trapezoidal shape (Figure 1A). Its angulated 
distal end is in contact with the lateral cortex, thus enhancing 
load transfer laterally, preventing varus tilting, and providing 
three-point fixation [21]. Patients in the conventional stem 

(CS) control group received either the Alteon® Taper Wedge 
Femoral Stem (Exactech, Gainesville, FL, USA) or Exacta® 
femoral stem (Permedica Orthopaedics, Merate, Italy). Both 
implants feature a plasm-sprayed double-coating of titanium 
and hydroxyapatite (Figure 1B-C). The choice of stem type was 
based on the surgeon’s preference in order to minimize selection 
bias, propensity score matching analysis for age, gender, and 
BMI was performed in order to have two comparable groups. 
Groups were matched 1:3, as the short stem was introduced to 
the market only recently. 

A cobalt chromium femoral head and highly cross-linked 
vitamin E polyethylene liner with 10° posterior lip were used 
in all cases.

Perioperative prophylaxis included Cefazolin (1 g every 8h x 
3 doses) and thromboprophylaxis with Enoxaparin (40 mg daily 
x 30 days) were administered. Mobilisation began on the first 
postoperative day with full weight-bearing allowed as tolerated.
Outcomes.

Operative parameters including surgery time, incision length, 
blood loss, hospital length of stay, and complications, both 
intraoperative and postoperative, were recorded.

Patients were then followed up at 45 days, 3 months, 6 months, 
12 months, and yearly thereafter. Clinical evaluation included 

Figure 1. Photographs of the short and conventional stems. (A) Exacta RS short stem with the proximal 2/3 of the short stem are double-coated 
with plasma-sprayed titanium and hydroxyapatite. (B) Exacta conventional stem and (C) Alteon Taper Wedge conventional stem.

Figure 2. Radiographs of a patient in the short stem group. Preoperative anteroposterior (A) and cross-leg (B) radiographs of a 47-year-old 
male with osteonecrosis of the left hip. At 5-year follow-up both the femoral and acetabular cup, appear well osseointegrated.
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Harris Hip Score (HHS) [22], the Roles and Maudsley score for 
satisfaction evaluation [23] and assessment of thigh pain [24]. 

Radiographic evaluation was performed on anteroposterior 
pelvic radiographs and included assessment of both femoral 
and acetabular components. For the cup, anteversion and 
inclination were measured using the Ackland method [25], 
osseointegration was evaluated with the Moore signs [26], the 
presence of radiolucency lines was evaluated in the DeLee-
Charnley zones [27]. Cup loosening was radiologically defined 
as a change in implant tilt greater than 5°, migration greater 
than 2mm, or thick radiolucent line greater than 1 mm in all 
three zones on sequential X-rays and/or broken screws. Femoral 
radiolucencies were evaluated according to the Gruen zones 
[28]. Stem subsidence was defined if migration greater than 2 
mm relative to the postoperative radiographs, measured as the 
distance from the stem shoulder to the lesser trochanter. Varus-
valgus shift greater than 3° was considered significant [29]. 

Leg length discrepancy (LLD) was measured on weight 
bearing anteroposterior pelvic radiographs as the distance 
between a horizontal line through the inferior aspect of the 
teardrops and the most prominent point of each lesser trochanter 
[30]. Heterotopic ossifications were recorded and classified 
according to Brooker [31].
Statistical analysis:

Data were analysed using SPSS v20 (IBM Corp., NY, USA). 
Continuous variables were compared using Student’s t-test, and 
categorical data with Fisher’s exact test. 

A 1:3 allocation ratio was adopted to optimize the statistical 
power of the non-inferiority assessment given the limited 
availability of short stem cases. This unbalanced design was 
selected to enhance the precision of the estimate within the 
conventional stem group while maintaining an overall power 
of 80% to detect a non-inferiority margin of 8% in terms of 
stem osseointegration, assuming a one-sided alpha level of 0.05. 

Figure 3. MRI scans and radiographs of a patient in the conventional stem group. 51-year-old female with bilateral osteonecrosis of the femoral heads. Left femoral head collapse can be 
appreciated in the frontal (A) and axial (B) MRIs, frontal (C) and cross-leg (D) radiographs. The patient first underwent left THA, which remained well osseointegrated at 5 years follow 

up (E). Right THA was performed 6 months later. At final follow up, both implants remained are stable at last follow-up 5 years and 4.5years, for the left and right side, respectively.

Parameter Short stem (n=27) Conventional stem (n=81) p-value
Number of patients (hips) 27 81 NA
Sex (male:female) 16:11 50:31 0.8236
Mean age (years) (SD, range) 41.8 (8.6) 43.2 (8.0) NS
Mean BMI (kg/cm2) (SD, range) 26.7 (2.9) 23-35 27.1 (2.8) 23.2-34.5 NS
OFNH aetiology
Idiopathic
Corticoids induced
Traumatic

17
8
2

44
32
5

OFNH stage – Ficat and Arlet
III (Moderate to Severe)
IV (Severe)

20
7

51
30

Follow-up (years) (SD, range) 4 ±0.35 years (2 – 5.3) 4 ±0,3.7 years (2 – 5.2) NS

Table 1. Demographics characteristics of the two stem groups. (NA, not Available; SD, standard deviation; BMI, body mass index; OFNH, 
osteonecrosis of the femoral head).
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The Intention to treat (ITT) analysis was performed for the 27 
patients included in the SS group.
Results.

A total of 108 patients were included in the analysis: 27 in 
the SS group and 81 in the CS group (51 Alteon and 30 Exacta 
Stems). One patient in the SS group was lost of follow-up after 
relocating abroad at 5 years postoperatively.

All patients were employed before surgery and 81% of them 
reported participation in regular physical activity before hip pain 
adversely affected their quality of life. The presumed aetiology 
of osteonecrosis was idiopathic in 51 hips (47%), corticoids 
induced in 36 hips (33%) and traumatic event in 21 hips (20%).
Intraoperative Outcomes.

Mean operative time was 51.5 ± 4.5 minutes (range 42-61 
minutes), with a range of skin incision length between 12 to 
16 cm (average of 14.5 cm) in SS group and 52.2± 3.8 minutes 
(range 43-60 minutes), skin incision length ranged 12 to 17 cm 
(15 cm average) in the CS group.

Mean blood loss during the surgery was 375 ± 60 ml and 412 
± 70 ml, in the SS group and CS group, respectively. 5 patients 
required postoperative transfusion (one on short stem group and 
4 in standard group).

Mean hospital stay was 3.6 ± 1.5 days, (range 3 - 6 days) in the 
SS group and 4 ± 1 days (range 3 – 6 days) in CS group.

There were no neurovascular complications observed after the 
surgery.

One patient in the CS group suffered deep vein thrombosis. 
There were three intraoperative fractures. One patient in the SS 
group sustained a greater trochanter fracture, treated successfully 
with cerclage wiring. Two patients in the CS group sustained 
calcar crack, which remained stable during the follow-up with 
no progression or stem subsidence. No statistically significant 
difference lin intraoperative fracture rate was identified between 
groups.
Clinical Outcomes.

Mean pre-operative HHS were 41.4 ± 6.1 points (range 36–
48 points) in the SS group and 40.7 ± 7.5 points (range 35–49 
points) in the CS group. At final follow-up, mean postoperative 
HHS improved to 91 ± 3.7 points (range 87–96 points) in the SS 
group and 92 ± 3.5 points (range 86–96 points) in the CS group. 

According to the Roles and Maudsley Patients' satisfaction 
score, all but one patient in the SS group achieved excellent 
result, while in the CS group 76 patients were rated excellent 
and 5 as good. 

Thigh pain was assessed throughout follow-up. At 3 months, 
3 patients with short stem had symptoms during daily activities, 
and 8 with the standard stem. At 6 months, one patient in SS 
group experienced pain only during running, while 3 patients 
in CS group had pain during physical activities. At final follow-
up, no patient referred thigh pain in SS group, whereas 3 
(3,7%) patients referred it in CS group continued to experience 
symptoms. 

No implant related complications or revision procedures 
occurred during follow up. One patient in the CS group 
underwent debridment antibiotics and implant retention 
(DAIR) at 21 days after surgery due to wound hematoma and 
subsequently recovery without further complications.

Radiographic outcomes.
Mean cup inclination and anteversion were 44°± 3.01 (range 

38 to 50°), and 10° (0 to 15°) respectively, in the SS group 
versus 43± 5◦ (range 37 to 50◦) and 5° (3 to 15◦) in CS control 
group. All acetabular components were positioned within the 
safe range area defined by Lewinnek. 

No radiolucent line, cup migration or broken screws were 
detected in both groups during the follow-up period. All 5 
Moore’s radiographic signs were observed in SS group (Figure 
2). In the CS group, 67 hips demonstrated 5 Moore´s signs 
(Figure 3) and the remaining hips had 4 signs, thus indicating 
successful osseointegration of all implants in both groups. 

No femoral radiolucency nor periprosthetic osteolysis was 
observed during follow-up. Stem subsidence of 2 mm was 
identified in 2 hips in the SS group and in 3 hips in the CS group 
at 3-month follow-up, however these finding were clinically 
asymptomatic and did not progress. No loosening of the stem 
was observed during the follow-up period. 

LLD less than 1cm was observed in 2 hips in the SS group 
(average 4±3 mm) and in 3 hips in the CS group (average 
5±2 mm), in all cases no clinical or functional discomfort 
was reported. No heterotopic ossification was detected in the 
radiographic follow-up.
Discussion.

The present study demonstrates that metaphyseal fitting 
short femoral stems deliver excellent mid-term clinical and 
radiological outcomes in patients with ONFH, comparable with 
conventional stems results. To the best of our knowledge, only 
Kim et al. [32] compared 41 SS and 45 CS THAs in patients 
with ONFH. One femoral crack occurred in each group. At 
5 years follow up, no significant differences were identified 
in the radiological outcomes, although the short stem group 
demonstrated significantly less stress shielding. 

Our findings are consistent with previous studies reporting 
reliable osseointegration, stable fixation, and favourable clinical 
improvement with short stem design [4,5]. In particular, Exacta 
RS short stem has demonstrated safe and effective performance 
in young obese patients, with no stem loosening [33]. A recent 
meta-analysis [34], SS and CS in primary THA were compared 
to evaluate their effectiveness. The authors analysed the results 
of 16 randomized controlled clinical trials, and concluded that 
SS reduced the incidence of thigh pain and improved proximal 
bone remodelling, while HHS and revision rates remained 
comparable between groups. 

With regard to ONFH specifically, cementless THA with 
conventional long stems has consistently demonstrated to be a 
safe and effective treatment [35-37]. Contemporary cementless 
acetabular and femoral components have shown excellent 
survivorship, without osteolysis or aseptic loosening at 10-year 
follow-up in young patients with ONFH [35,36]. Osawa et al. 
[37] reported comparable functional outcomes and implant 
survival at 10 years follow up, between patients with ONFH 
and those with osteoarthritis (OA) undergoing cementless THA. 
Similarly, a systematic review of 67 studies concluded that 
osteonecrosis is not associated with inferior outcomes in THA 
[38]. 
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Radiographic analysis in the present study demonstrated 
excellent implant positioning, with all acetabular components 
placed within the Lewinnek safe zone. Successful 
osseointegration, confirmed by Moore criteria. The minor 
stem subsidence observed in both groups was clinically 
asymptomatic and comparable to previously published series 
[39,40] suggesting that limited early subsidence is not predictive 
of long-term loosening. 

Tippimanchai et al. [39] followed 45 patients with ONFH 
who underwent short stem THA up to 10-year and reported 
one hip (2.2%) with a 5 mm stem subsidence which stabilised 
after 3 months. In the present series, LLD of less than 1 cm 
was observed in a small number of cases, specifically in 3 
hips in the SS group and in 5 hips in the CS group, with no 
clinical relevance nor patients’ discomfort. Fujita et al. [41], in 
a study involving 132 patients, highlighted the importance of 
accurate preoperative templating and intraoperative assessment 
in minimising LLD and suggested that discrepancies below 7 
mm are generally well tolerated. All discrepancies in the current 
study remained below this threshold.

The substantial improvement in HHS across both groups 
reflects significant functional recovery. The mean postoperative 
HHS of 91±3.7 in the short stem group represents an excellent 
outcome and is comparable to previous reports. Capone et al. 
[42] reported the long-term outcomes of 37 hip with ONFH 
treated with short stem THA, with a mean HHS value of 90 
points and predominantly good to excellent outcomes.

Thigh pain was less common in the SS group. Kim et al. [32] 
reported thigh pain in 2 hips (44%) in the CS group at mid-term 
follow-up, whereas no cases occurred in the SS group. Similarly 
in our series no thigh pain was detected in the SS group and 3 
hips (3.7%) had symptomatic thigh pain in the CS group at last 
follow-up. 

Patients with ONFH often exhibit compromised bone quality, 
which may increase the risk of intraoperative fracture [43]. 
Nevertheless, no statistically significant difference in fracture 
rate was observed between the groups in the current study.

Several limitations should be acknowledged. First, the 
relatively small sample size limited the ability to investigate 
factors associated with stem subsidence. Although the 27 hips 
included in SS study group were sufficient for assessment of 
clinical and radiological outcomes, larger studies are required 
for more detailed subgroup analyses. Second, the mean follow-
up period of 4.2 years does not allow conclusions regarding 
long-term implant survival and revision rates, but promising 
radiographic results were achieved with all implants that appeared 
well osseointegrated, although all implants demonstrated 
excellent radiographic osseointegration and favourable clinical 
outcomes and patient perception. Third, stem subsidence was 
assessed using standard anteroposterior radiographs rather than 
radiostereometric analysis, which would have provided greater 
measurement accuracy.
Conclusion.

Short femoral stems in total hip arthroplasty for osteonecrosis 
of the femoral head provide excellent mid-term clinical and 
radiographic outcomes, comparable to those of conventional-
length stems. Their bone-preserving design and reliable fixation 

make short stems a valuable option in younger, high-demand 
patients with long life expectancy and increased lifetime risk 
of revision.
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