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Abstract
BACKGROUND
Short stems are usually uncemented prosthetics and are recommended in the treatment of traumatic or degenerative diseases of hip. In revision procedures for elderly patients with serious comorbidity, applying a short stem could reduce peri- and post-operative secondary surgical risks to femoral osteotomy, which are necessary for the removal of parts of the implant or acrylic cement from the medullary canal. There are no cases in the literature that apply a short stem for prosthetic revision by acrylic cement anchorage.

CASE SUMMARY
A male patient had a left hip replacement in 1995 due to coxarthrosis. At the age of eighty the patient reported an accidental trauma and walked with pain in the left thigh. The X-ray highlighted the stem breakage in the distal section without fracturing the femoral cortex. The patient had various comorbidities (diabetes, anaemia, heart deficiency, and arrhythmia) presenting a high operation risk (ASA 4). During the revision procedure, the distal apex of the stem could not be removed from the femoral cortex. Because of the poor general health of the patient, the surgeon decided not to perform a Wagner femoral osteotomy to remove the distal section of the stem and decided to implant a short stem to avoid removing the stem section of the previous implant. The patient had his left femur X-rayed 15 d post-trauma. 

CONCLUSION
A field of application of short stem may be the development of a cemented short stem to reduce the complexity of the revision procedure.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Core Tip: Short stems, because of their reduced size, could be applied for post-traumatic obliteration of the femoral canal when it is difficult to apply a standard stem; moreover, in revision procedures for patients with serious comorbidity, the use of a short stem could reduce the surgical risks to femoral osteotomy, which is necessary for the removal of parts of the implant or acrylic cement from the medullary canal. The availability of cemented short stems could help surgeons in cases where there is a lack or reduced quality of bone to treat particular prosthetic revisions, limiting surgical invasiveness and the use of long stems.

INTRODUCTION
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Standard uncemented femoral stems have proven to be clinically, functionally, and radiologically successful in total hip replacement, particularly in young and active patients[1,2]. Recently, the use of short stems (stems with length < 120 mm) has become more popular; short stems have been designed to obtain optimal load transfer to the proximal femur, to ease stem removal in revision procedures, to reduce the rate of periprosthetic fractures, to preserve proximal femoral medullary bone, and to make implantation less invasive[3,4]. While standard stems have diaphyseal engagement that could likely cause proximal stress shielding, short stems have metaphyseal fixation and allow proximal load transfer, thereby reducing bone resorption. Clinical studies on short stems have found an increase in bone mineral density in the first and seventh area of Gruen from the 3rd mo[5,6]. Implant longevity relies upon an initial “press-fit” between the implant and the surrounding bone, which is a prerequisite for osseointegration of the stem, in order to achieve axial and rotational stability[7]. Metaphyseal stems could be an alternative for primary total hip replacement in young patients because this group has a high probability of undergoing revision surgery[8-10]. Because of their reduced size, short stems could be applied to first implants for post-traumatic obliteration of the femoral canal or excessive thickness of the diaphyseal cortex, when it is difficult to apply a standard stem. Some authors have used the short stem with cement[11]; advantages of a short-cemented implant include preservation of diaphyseal femoral bone, more proximal load transfer, easier insertion, and easier stem and cement removal in case of revision procedure[11]. Furthermore, in revision procedures for elderly patients with serious comorbidity and osteoporosis, applying a short-cemented stem could reduce the peri- and post-operative secondary surgical risks to femoral osteotomy, which is necessary for the removal of parts of the implant or acrylic cement from the medullary canal. Generally short stems require biological anchorage to the femur, so it would be particularly useful in select revision procedures to apply short stem anchorage in acrylic cement in cases where there is a lack of or reduced quality of the cancellous bone to obtain a primary stability of implant. Cemented short stems permit solid and immediate stability and do not require additional time for biological fixation[11]. There are no cases in the literature of applying a short stem for prosthetic revision by acrylic cement anchorage. 
This clinical case describes the unusual application of a biological short stem with acrylic cement in prosthetic revision, and we propose extending its application to special revision procedures and in selected patients in an attempt to reduce surgical invasiveness.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK13]An 80-year-old Caucasian patient with left hip prosthesis, 1.75 cm tall, first degree obesity (body mass index 33.5), and male sex, reported an accidental trauma to the pelvis and left femur after falling on the street. 

History of present illness
Post-trauma, the patient walked with steppage gait and reported feeling pain in the left thigh; the pain did not decrease despite the administration of drugs.

History of past illness
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Before the trauma the patient was asymptomatic and did not report any hip pain.

Personal and family history
There was no family history of treatment with elective hip replacement for osteoarthritis.

Physical examination
The patient reported pain in response to pressure on the thigh and external and internal rotation movements of the hip; no thigh oedema was found at the clinic examination.

Laboratory examinations
No laboratory tests were performed on the patient.

Imaging examinations
[bookmark: OLE_LINK16]The patient had his left femur X-rayed 15 d post-trauma. The prosthesis had not been X-rayed for several years prior.

FINAL DIAGNOSIS
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]The X-ray highlighted the stem breakage in the distal section without fracture of the femoral cortex (Figure 1). Moreover, the stem showed a thickening of the femoral cortex at the distal end of implant, and the proximal part was loose without osteointegration. The radiographic image demonstrated a chronic implant loosening with subsequent traumatic rupture due to a positioning varus of the stem.

TREATMENT
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Despite being active and autonomous in daily life, the patient had various comorbidities (diabetes, anaemia, heart deficiency, and arrhythmia) presenting a high operation risk (ASA 4). In the same month, the patient underwent a prosthetic stem revision. Watson-Jones access was performed with the patient in a supine position. During the revision, the distal apex of the stem could not be removed as it was anchored between the femoral cortex due to the reduced size of the medullary canal.
Because of the poor general health of the patient, the surgeon decided not to perform a Wagner femoral osteotomy to remove the distal section of the stem. Implantation of a long stem with distal anchorage would have led to greater blood loss and a higher risk of infection with the likely exitus of the patient. The surgeon decided to implant a short Fitmore stem to avoid removing the stem section of the previous implant that was solidly anchored to the medullary canal.
Normally applied in selected patients as a biological implant, the Fitmore stem was used because of its reduced size to enable the revision of a standard-length stem. Due to the poor quality of bone tissue and the difficulty in obtaining primary stability for the new implant, the surgeon used acrylic cement to anchor the prosthesis. During surgery, a metallic femoral head (+ 4 mm) was used to obtain implant stability. The acetabulum showed no signs of movement, whereas the polyethylene insert showed signs of wear so it needed replacing. After 7 d in intensive care, the patient was transferred to the Orthopaedic Department and discharged 15 d after the operation. Subsequently, the patient was admitted to the rehabilitation unit for about 30 d. 

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]X-ray and clinical checks were carried out for the next 2 years without showing signs of breakage to the femoral stem nor loosening of implant from cement. No subsidence at the stem-cement interface was observed, demonstrating the excellent stability of the cemented implant. The patient resumed normal life 3 mo post-operation. During the final check, roughly 2 years after the operation, the patient reported feeling no thigh pain and did not indicate limited articulation, living daily life without the assistance of walking aids (Figure 2).

DISCUSSION
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]There are three categories of prosthetic implant revision: Patient causes (infections), implant causes (aseptic loosening, peri-prosthetic fractures, implant failure or breakage), and surgical errors (instability, pain)[12]. Implant breakage is less common than aseptic loosening or infections and is caused by the mechanical stress generated by cyclic loads in most cases. Most stem failures are due to stainless steel components and present years after the operation.
Steel stems often deform and then fracture before breaking, whereas chrome-cobalt stems fatigue and fracture without deforming. The section that is most often involved is the middle third distal stem, which shows a loss of bone support close to the femur, exposing that section to a shearing force followed by metal fatigue failure. The risk factors most associated with prosthetic stem breakage are weight gain or increased physical activity, the varus position of the stem, increased offset, small cross-section stems, the use of steel stems, and loosening of implant[12].
Cementless implants have shown excellent long-term survival with respect to cemented prosthesis[1,2]. An essential condition in cementless implants is an optimal press-fit with low micromotions in the femur in order to allow secondary fixation to the bone. Proximal load transfer and the absence of distal fixation are essential for better clinical results in total hip arthroplasty. To reproduce natural load transfer in the subtrochanteric area, short stem devices were developed. Short stems include a large variety of prostheses that differ in shape, length, anchorage, level of bone resection, and reconstruction of the biomechanics of the femur[3].
Within the family of short stems, the Fitmore stem is made of a titanium forged alloy covered with a porous coating, which allows the bone ingrowth process to be increased[5]. The anchorage concept is based on apposition to the calcar by the medial curve and contact with the lateral cortex through the axial load[13]. The concept of this stem geometry is based on the redistribution of 70% of loading forces on the calcar of the femur[14]. Trapezoidal cross-section allows for increase in primary stability, which is enhanced by a slightly oversized titanium coating. The Fitmore stem has a special design; the system portfolio consists of three different shaped stem families with different medial calcar curve radii to allow calcar and medial metaphyseal bony contact to be maximized[3]. There is a correlation between the calcar curve radius and the off-set; the valgus stem with large medial calcar radii has less of an off-set, while the varus stem with smaller calcar radii has a greater off-set. Generally, larger off-set is observed in males than in females. An increase in the offset leads to improved muscle strength, a greater range of motion and joint contact forces, and higher wear rate[15,16]; disadvantages are the increase in medial bending load, loading of the distal portion of the stem, and an increased risk of trochanteric pain.
In this clinical case, we think the standard stem had a distal diaphyseal anchor on the femur and a chronic loosening of the proximal portion; the trauma broke the stem that had no anchorage in the metaphysis and proximal shaft, only in the distal part. In the literature, the revision of this implant required removal of the prosthesis and replacement with a standard or long stem[17,18]. The stem was easily removed during the surgery, while the distal apex of the stem could not be removed, as it was anchored between the femoral cortex. Patient's serious general clinical condition and intraoperative blood loss required a reduction in operating times. The presence of the tip of the stem in the femoral canal did not allow neither the use of a standard stem nor a long stem. Removing the broken part of the stem by a femoral osteotomy would have increased the surgical risk to the patient. Therefore, the small size of the short stems, normally used in primary implants and not in revisions, prevented femoral osteotomy and therefore reduced the risk of bleeding and infection in a patient with serious comorbidity. Due to the poor quality of bone tissue, the level of bone resection and the difficulty in obtaining primary stability for the new uncemented implant, the surgeon used acrylic cement to anchor the prosthesis. The surgeon did not have a short-cemented stem available, only the uncemented stem Fitmore. Short stems are usually uncemented prosthetic devices. The use of acrylic cement became necessary because of the lack of nearby bone, thereby preventing sufficient stable anchorage. 
Advantages of a short-cemented implant are minimal bone invasiveness, a decrease risk of bone-cement implantation syndrome, and an easier future revision procedure[11]. The main disadvantage of using an uncemented short stem with cement is the detachment of the implant at the prosthesis-cement interface due to the porous coating of Fitmore stem, causing short-term implant failure. The anchoring of the stem did not occur in the three points, calcar, lateral, and medial cortex of the metaphysis, but in the cortical femoral evenly, through the acrylic cement. The various off-sets of the Fitmore stem enabled the articular biomechanics to be reconstructed and ensured implant stability[16].
Using an uncemented stem with acrylic cement is not correct. The short-cemented stem is little used among orthopaedists as they prefer biological fixation and these implants are unavailable. A short-cemented stem is feasible but requires specific implants and a perfect bone cement obtainable with cementation techniques. A precise cementing technique has permitted a homogeneous 2 mm cement mantle all around the stem, a prerequisite for a greater survival of prosthesis. Therefore, as more elderly osteoporotic patients require joint arthroplasty, it is possible to predict a return of cemented implants.
One limitation of this study was the short-term follow-up given that the patient was assessed for 2 years after the revision before dying, so it was not possible to observe any loosening of the stem cement or any change in long-term implant stability.

CONCLUSION
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]A suggestive field of application of short stem may be the development of a cemented short design with different tapering angles to match the smaller femur in specific populations and to reduce the complexity of cemented or uncemented stem revision. Furthermore, the availability of cemented short stems could help surgeons to treat particular prosthetic revisions in patients in poor general health, thereby limiting surgical invasiveness and the use of long stems.
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Figure Legends
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Figure 1 The X-ray of stem breakage. Left hip radiographs obtained at 21 years follow-up demonstrating stem breakage in the distal section without fracturing the femoral cortex.
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Figure 2 Radiographs at 2 years of follow-up. Radiographs at 2 years of follow-up, there are no signs of implant loosening.
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