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Abstract 

Background 

In Sweden, approximately one in four women aged 50 years or older will sustain a hip 

fracture. Patients treated for a femoral shaft fracture are likely to have an even higher risk. We 

hypothesized that intramedullary nails (IMN) protecting the femoral neck reduce the risk of 

subsequent hip fracture and allow the patient to avoid a challenging reoperation. 

 

Methods 

Between 2008 and 2010, 5,475 fractures of the femoral shaft, in patients aged ≥55 years, were 

registered in Sweden. Of these, 897 patients fulfilled the inclusion criteria. We used 

radiographs and register data to identify reasons for and types of reoperation that occurred 

between the index surgery and December 31, 2014. Categories of implants were determined 

through review of x-rays as: IMN with protection of the femoral neck (FNP) and without 

protection of the femoral neck (NFNP). Reoperations related to peri-implant fractures 

(including hip fractures), were analyzed as a subgroup of all major reoperations. 

Multivariable-adjusted, cause-specific hazard ratios (csHRs) were calculated to compare the 

risk for reoperation between nails with FNP and NFNP. 

Results  

Among the 897 patients, a total of 82 reoperations were performed. In 640 patients who were 

treated with IMN with FNP, there were 7 peri-implant fractures (no hip fractures), and 27 

major reoperations. Among the 257 patients who were treated with IMN with NFNP, 14 peri-

implant hip fractures and 24 major reoperations were identified. Patients who received nails 

with FNP had a lower hazard for any peri-implant fracture and major reoperation, with 

multivariable-adjusted csHR values of 0.19 (95% CI 0.07–0.5) and 0.51 (0.28–0.92), 

respectively.  
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Conclusions 

Intramedullary nails with femoral neck protection in the treatment of low-energy femoral 

shaft fractures prevent secondary hip fractures and decrease the overall risk for reoperation 

for 4–6 years postoperatively.  

Level of Evidence 

Level III  
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Introduction 

Scandinavian countries have the highest rates of hip fracture for women worldwide1,2. About 

one in four women aged ≥50 years will sustain a hip fracture during their remaining lifetime3. 

Patients who receive treatment for a femoral shaft fracture are likely to have an increased risk 

of hip fracture due to risk factors associated with the initial fracture4-6, e.g., ethnicity, 

osteoporosis, impaired balance, drug use, smoking7-9, but also due to debilitated lower 

extremity function and deterioration of biomechanics10,11. 

 

The choice of implant for the fixation of femoral shaft fractures in patients who are at high 

risk for future fractures may have a significant impact on the outcomes. The standard of care 

for femoral shaft fractures is fixation with a reamed intramedullary nail12. However, it is not 

known whether a standard interlocking nail or a nail that allows fixation of the femoral head 

and neck is preferable when the goal is to avoid future femoral neck fractures. It seems 

reasonable to use an implant that incorporates the most fragile area of the extremity into the 

fixation. However, the use of nails with fixation of the femoral neck is suggested to entail 

risks for joint penetration, increased surgical time and avascular necrosis of the femoral 

head13,14. During a review of patients with atypical femur fractures (AFF) we noted that the 

most common reason for reoperation was peri-implant fracture, i.e., hip fracture proximal to a 

previously inserted standard antegrade nail. In those patients who were treated with nails 

protecting the femoral neck, no such complications occurred15. Those were incidental 

findings and the numbers were low. Therefore, we hypothesized that patients with femoral 

shaft fractures, atypical and others, treated with IMN with femoral neck protection, would 

have a lower risk of peri-implant fracture than those patients who were treated with standard 

antegrade nails, in a nationwide cohort of patients with femoral shaft fractures16,17. 

Furthermore, we hypothesized that the overall risk for major reoperations would be lower 

owing to a more complete fixation of the whole femoral bone. 
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Patients and Methods 

Study population 

Patients aged ≥55 years who were admitted for a low-energy femoral shaft fracture 

(International Classification of Diseases, 10th Revision [ICD-10] diagnosis code S722 or 

S723 with external-cause code W) between January 1, 2008 and December 31, 2010 were 

identified in the Swedish National Inpatient Register (NPR) in our previous study16. 

Radiographs from all hospitals in Sweden were retrieved and individually re-evaluated 

regarding fracture classification, as described previously16,17. In cases of bilateral fractures, 

only the first fracture was included. Of the 5,475 identified patients, 4,351 were excluded 

(Figure 1). The source population for this investigation comprised 1,124 patients, of which 

172 patients had atypical femoral fractures16.  

 

Identification of implants, reoperations and fracture classification 

In a first step, we retrieved all the follow-up, ipsilateral radiographic images from all the 

radiology departments in Sweden (n=76), acquired between the date of the initial fracture and 

December 31, 2014. All the images were screened for any changes in the morphology of the 

bone, the fracture type, the type of fixation device used, and any alterations of the fixation 

device that indicated a reoperation. Implants were divided into groups (Figure 2): The first 

group were all IMN with femoral neck protection (FNP) (i.e., cephalomedullary and 

reconstruction nails). The second group comprised all antegrade (AMN) and retrograde 

(RMN) IMN with no femoral neck protection (NFNP). All patients with other fixation 

devices, and those who were treated non-operatively were excluded. The localization of the 

fracture was divided into subtrochanteric (from the lesser trochanter and 5-cm distal) and 

diaphyseal (from 5-cm distal to the lesser trochanter to the supracondylar flare)18. 
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Reoperations were analyzed by two different approaches. In the primary approach we 

analyzed any peri-implant fracture in the ipsilateral femur that occurred during the follow-

up period. In a second approach we analyzed all major reoperations together (including 

any peri-implant fracture, complete implant removal, revision osteosynthesis due to non-

union, implant failure, revision with joint arthroplasty in presence of non-union). For 

subgroup analyses, we also defined proximal peri-implant hip fractures (i.e., femoral neck or 

pertrochanteric fracture) and minor reoperations (partial implant removal, dynamization 

procedures, joint arthroplasty due to secondary osteoarthritis or avascular necrosis of the 

femoral head, and unspecified procedures). In patients that underwent more than one 

reoperation (N=21), the most complex reoperation was applied in the statistical analyses. The 

time interval between the initial fracture and reoperation was calculated in days. After 

radiographic review, we excluded 227 patients due to: plate osteosynthesis of the initial 

fracture (N=128), incomplete radiographic imaging (N=51), pre-existent implants (N=39), 

and other reasons (N=9).  

 

In a second complementary step, we retrieved data from the NPR on every readmission of 

each patient from the initial fracture admission cohort until December 31, 2014. Only 

readmissions with discharge codes that indicated a relationship to the index fracture were 

considered (Supplementary Table 1). Through this complementary analysis, an additional 13 

reoperations were identified. The final study cohort included 897 patients, of which 160 had 

atypical femoral fractures (Figure 1). 

 

Registers 

In Sweden, all permanent residents are provided with a unique personal identification number 

that allows complete linkage of all nationwide registers. Data on drug use and discharge 

diagnoses were collected from these registers16,19.  



 6 

Statistical analysis 

The risks for peri-implant fracture and major reoperation were calculated for FNP and NFNP, 

separately. Age-adjusted odds ratios (ORs, using unconditional logistic regression) and 

relative risks (RRs, using log-binomial regression) were then calculated separately for 

reoperations related to peri-implant fractures and major reoperations. The ORs and RRs were 

then adjusted for the following predefined variables: age, sex, Charlson comorbidity index, 

and corticosteroid treatment. In addition, we performed a time-to-event analysis using Cox 

regression to estimate the age-, sex- and multivariable-adjusted, cause-specific hazard ratios 

(csHRs) for peri-implant fractures and major reoperations. The proportional hazards 

assumption was verified using log-log plots and Schoenfeld residuals plots. Since we 

observed differences in mortality between the groups, we calculated sub-distribution hazard 

ratios (sdHRs) using the Fine and Gray proportional sub-distribution hazard regression 

(sdHR) model. 

 

Subgroups 

To account for possible differences in reoperation rates related to fracture localization 

(diaphyseal or subtrochanteric) and type of fracture (atypical or common), we performed 

stratified analyses. Peri-implant fractures were analyzed in subgroups depending on their 

location proximal or distal to the intramedullary nail. Minor reoperations were analyzed 

separately. 

 

The Stata (version 15) and IBM SPSS (version 25) software packages were used for the 

statistical analyses. 
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Sources of Funding 

This study was supported by ALF Grants, Region Östergötland and the Swedish Society of 

Medicine. 

 

Results 

The characteristics of the patients and implants are listed in Table 1. The median age of the 

participants was 83 years (IQR 75–88 years). 

 

At the end of follow-up (median 5.4 years, IQR 4.7–6.1 years), a total of 82 reoperations 

were performed. Of these, 51 patients underwent major reoperations (21 peri-implant 

fractures) and 31 minor reoperations (Tables 2 and 3). The risk for reoperation due to peri-

implant fracture was 1.1% in the nails with FNP group (7/640 patients) and 5.4% in the NFNP 

group (14/257), corresponding to a number needed to treat (NNT) of 23. In the nails with FNP 

group, there were no proximal peri-implant fractures, whereas 14 patients in the nails with 

NFNP group sustained proximal peri-implant hip fractures (Figure 3) at a median of 2.2 years 

(IQR 0.13–6.34 years). We observed seven distal peri-implant fractures in the nails with FNP 

group, whereas no such fractures were observed in the nails with NFNP group. 

 

The risk for major reoperation was 4.2% in the nails with FNP group (27/640 patients) and 

9.3% in the NFNP group (24/257 patients) (Table 2), corresponding to an NNT of 20. 

Treatment using nails with FNP resulted in a five-fold lower risk for reoperation due to peri-

implant fracture, OR 0.18 (95% CI 0.07–0.46), and the risk for major reoperations was 

halved, OR 0.44 (95% CI 0.24–0.79). These ORs remained unchanged even after adjustment 

(Table 2). Reoperations due to peri-implant fractures in the nails with NFNP group were 

performed after a median of 0.28 years (IQR 0.08–0.53), compared to 1.9 years (IQR 0.58–
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2.7) for the nails with FNP group. Similar differences between the groups were seen for major 

reoperations (Table 2). 

Patients who were treated with nails with NFNP tended to be younger (Table 1). During the 

observation period, 359 patients (56.1%) in the nails with FNP group and 101 patients 

(39.3%) in the nails with NFNP died. Taking the resulting differences in follow-up time into 

account, the hazard ratios for reoperation remained stable; the multivariable-adjusted sdHR 

values were 0.2 (95% CI 0.07–0.54) for peri-implant fractures and 0.51 (95% CI 0.28–0.93) 

for major reoperations. 

 
Subgroup analysis 

Patients with subtrochanteric fracture (N=515) were almost exclusively treated with nails with 

FNP (N=506). Among the nine patients who received nails with NFNP, one underwent 

reoperation due to a subsequent hip fracture. Five reoperations were needed for peri-implant 

fractures in the nails with FNP group; the multivariable-adjusted csHR was 0.07 (95% CI 

0.01–0.7). In patients with femoral shaft fractures, the risk for peri-implant fracture was lower 

in the nails with FNP group (2/134) than in the nails with NFNP group (13/248), 

multivariable-adjusted csHR 0.27 (95% CI 0.06–1.22).  

 

Despite their pre-existing osteoporosis, more than half 54.4% (87/160) of the patients with 

atypical femoral fractures were treated with nails with NFNP. Among the patients with 

common femoral fractures, 23.1% were treated with nails with NFNP. In patients with AFF 

who received treatment with NFNP nails (N=87), 6 peri-implant fractures and 14 major 

reoperations occurred, as compared to 3 peri-implant fractures and 7 major reoperations in the 

patients with AFF who received treatment with FNP nails (N=73). 
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Discussion  

Our hypothesis was that IMN that protected the femoral neck would reduce the risk of 

reoperation, in particular for future hip fractures, in patients with femoral shaft fractures that 

were treated with IMN. In line with this hypothesis, we discovered a 5-fold risk reduction of 

any peri-implant fracture in the FNP group, compared to the use of standard nails, and the risk 

for major reoperations in the FNP group was reduced by half. The results remained essentially 

unchanged after correction for differences in baseline characteristics and death.  

 

Our results are very clear and in line with our expectations. However, the use of nails with 

protection of the femoral neck for the treatment of low-energy femoral shaft fractures is not as 

frequent as one would expect. More than 50% of the patients with atypical femoral fractures 

related to bisphosphonate treatment for osteoporosis in our cohort were treated with a 

standard antegrade nail. These findings are not unique for the Swedish subpopulation of 

atypical fracture patients20-23.  

 

The literature on implant choices in the treatment of common femoral shaft fractures is 

sparse. Only a few case reports have addressed the problem of proximal peri-implant 

fractures24-26, but there is no apparent consensus regarding the use of a specific type of 

implant in elderly patients. Reconstruction and cephalomedullary nails (CMNs) have been 

designed to protect patients with metastatic bone disease from late fractures caused by new 

lesions27,28. Subsequently, indications for these nails have been extended, but their use in 

metastatic bone disease has been questioned due to increased costs, limited benefit to the 

patient and the possible risks of perioperative joint penetration, increased surgical time, 

fluoroscopic exposure13 and avascular necrosis of the femoral head14,29. Though theoretically 

possible, avascular necrosis following screw insertion into the femoral head seems negligible, 

even when the vascular supply is compromised by both a fracture and the fixation14,30. 
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Because CMNs are so commonly used today, the problem of increased surgical time, 

increased fluoroscopic exposure and even implant costs appears less relevant14. Patients 

who were treated with nails with NFNP underwent reoperation much earlier compared to the 

nails with FNP group (Table 2) and the most common reason for reoperation due to peri-

implant fracture was fracture of the hip. The short time interval to reoperation might indicate 

that the hip fracture was an associated injury already at the time of the shaft fracture31. Based 

on our review of individual radiographs, such a mechanism is highly unlikely. 

 

We did not observe any distal peri-implant fractures in the group that received nails with 

NFNP (n=257, of which 143 were retrograde nails). In the nails with FNP group, seven 

such fractures occurred in the group that received CMNs (n=570). Two of these seven 

patients were operated with CMNs that did not reach beyond the femoral isthmus. The 

remaining five patients were operated with longer CMNs, with a median distance from the tip 

of the CMN to the Blumensaat´s line of 82 mm (IQR 35–95 mm). All nails were distally 

locked. One anterior perforation was observed. The problem of anterior perforation and the 

mismatch between femoral and nail radius of curvature is well-documented32-34, and 

might prompt the surgeon to choose a shorter nail that leaves the distal part of the femur 

unprotected. While we believe that increasing working length of the nail and 

individualizable radius of nail curvature should decrease the risk for distal 

complications33-35, further studies will be needed to elucidate this problem. 

 

The more advanced age of the patients in the group with nails with FNP resulted in a shorter 

follow-up period. Therefore, death becomes a strong competitor for reoperation, which means 

that death hinders the occurrence of a reoperation. Moreover, applying a lower demand for 

physical performance and a higher threshold for revision of an implant in elderly and 

comorbid patients might have contributed to the differences in the reoperation rate. However, 
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when we corrected our analyses for differences in background characteristics, the risk 

differences remained stable. An alternative explanation for the differences is selection bias. 

Retrograde nails might be selected for cases with a higher risk for complications, such as 

fractures distal to the femoral isthmus36 or obese patients37.  

 

Major strengths of our study are the nationwide coverage and complete linkage between high-

quality registers and radiographic adjudication of fracture type and location, as well as our 

rigorous identification of reoperations using two complementary methods. This validation 

process was time-consuming, and our endpoints therefore are greater than 5 years old. 

Another fundamental limitation is the absence of proximal peri-implant fractures in the 

FNP group which prohibited statistical calculations of the risk difference. Other 

limitations include the potential for selection (e.g. patient ambulatory status) and 

indication as well as expertise bias. Also, residual confounding might occur due to 

undetected selection mechanisms related to implant type. Differences in such factors between 

the two types of fixation could affect our estimates. As the majority of the patients in our 

cohort are of Caucasian origin, our results should be extrapolated to other ethnic groups with 

caution. This is especially true for atypical femoral fractures, which are coupled to ethnicity 

and biomechanical aspects of femoral geometry38,39, as well as differences in femoral neck 

bone density and strength26. Despite the relatively high number of patients in our cohort, the 

proportion of patients with reoperations was about 10%, resulting in a moderate level of 

precision for our estimates.  

 

Our results suggest that surgery using nails with FNP effectively prevents future hip fractures 

when used for femoral shaft fractures in the aged patient. In the present study cohort, about 18 

patients would have to be treated with nails with FNP to prevent one subsequent hip fracture. 

With a median follow-up time of 5.4 years, our results can be compared to those of efficacy 
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trials with targeted pharmacotherapy for osteoporosis (i.e., bisphosphonates), which have 

shown that 667 patients need to be treated for one year40,41 and 175 patients need to be treated 

for three years to prevent one hip fracture42. 

 

Considering that proximal peri-implant fractures represented the most common reason for any 

major reoperation in the nails with NFNP group and that no such fractures occurred in the 

nails with FNP group, we propose that IMN with FNP should be the primary choice of 

fixation in older patients with femoral shaft fractures. In this group of patients, this simple 

change of implant type has the potential to achieve a substantial reduction in the reoperation 

rate. 
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Figure legends 

 

Figure 1: Study cohort recruitment flow chart 

SCB = Statistics Sweden; NPR = Swedish National Patient Register; ICD 10 = 

International Classification of Diseases, 10th Revision; FNP = Femoral Neck 

Protection; NFNP = No Femoral Neck Protection. 

 

Figure 2: Plain AP radiographs of the two different groups of IMN: 

The femoral neck protection (FNP) group consists of cephalomedullary nails CMN 

(A) and reconstruction nails (B). The no femoral neck protection (NFNP) group 

comprises antegrade medullary nails (AMN) (C) and retrograde intramedullary 

nails (RMN) (D). 

 

Figure 3: Plain AP radiographs of a patient with atypical femoral fracture (A) treated with a 

standard antegrade intramedullary nail (B). A peri-implant fracture of the femoral 

neck (C) 5 months after the index surgery, was treated with a total hip replacement 

(D). 

 



Table 1. Patients’ characteristics at baseline. 

 

 

No femoral neck 
protection  

(NFNP) 

Femoral neck 
protection  

(FNP) 

n 257 640 

Type of nail 
 114 (AMN) 570 (CMN) 

 143 (RMN) 70 (Recon) 

Age in years, median (IQR) 80.4 (70.8, 87.4) 84.3 (77.5, 88.8) 

Sex, n (%)  
M 31 (12.1%) 136 (21.3%) 

F 226 (87.9%) 504 (78.8%) 

Atypical femoral fracture, n (%) 87 (33.9%) 73 (11.4%) 

Common femoral shaft, n (%) 170 (66.1%) 567 (88.6%) 

Fracture location, n 
Subtrochanteric 9 506 

Shaft 248 134 

Charlson Comorbidity Index, median score 
(IQR) 3 (1, 5) 4 (1, 6) 

Death, n (%) 101 (39.3%) 359 (56.1%) 

Corticosteroids, n (%)  
Never use 217 (84.4%) 512 (80.0%) 

Ever use 40 (15.6%) 128 (20.0%) 

Bisphosphonates, n (%) 
Never use 176 (68.5%) 508 (79.4%) 

Ever use 81 (31.5%) 132 (20.6%) 

AMN, antegrade intramedullary nail; CMN, cephalomedullary nail; RMN, retrograde 
intramedullary nail; Recon, reconstruction nail; IQR, interquartile range. 



Supplementary Table 1. Reoperation procedures and related procedure codes (KVÅ, Swedish 

Classification for Health Procedures, i.e., Swedish version of the NOMESCO classification) and 

diagnostic codes (International Classification of Diseases, 10th Revision) 

 

Type of procedure KVÅ code 

Biopsy NFA22, NFA32 

Arthroplasty, primary NFB19, NFB29, NFB39, NFB49 

Arthroplasty, secondary NFC40, NFC42, NFC99 

Excision arthroplasty NFG09 

Joint reduction NFH20 

Ostheosynthesis NFJ09, NFJ19, NFJ49, NFJ59, NFJ69, NFJ79, NFJ89, NFJ99 

Other NFK99, NGK99 

Tendon repair/reconstruction NFL99 

Bone grafting NFN09, NFN99 

Transfemoral amputation NFQ19 

Incision and debridement NFS09, NFS19, NFS29, NFS39, NFS99, NGS19, NGS49 

Deformity correction NFT49 

Removal of hardware NFU39, NFU49 

Reoperation due to bleeding/infection NFW79, NFW99 

Synovectomy knee joint NGF12 

ICD 10 code Description 

S72 Fracture of femur 

T84 Complications of internal orthopedic prosthetic devices, 
implants and grafts 

T81 Complications of procedures not elsewhere classified 

T93 Sequelae of injuries of lower limb 

M84 Disorder of continuity of bone 

M80.9 Osteoporosis with pathological fracture 

M96 Intraoperative and postprocedural complications and disorders 
of musculoskeletal system, not elsewhere classified 



Table 2. Frequencies and risks for reoperations. 
 
 

 
 
 

Type of reoperation or indication for reoperation No femoral neck 
protection 

(NFNP)  
n = 257 

Femoral neck 
protection 

(FNP)  
n = 640 

Age- & sex- 
adjusted 

OR (95% CI) 
 

Multivariable-
adjusted 

csHR1 (95% CI) 
 

Multivariable- 
adjusted 

sdHR2 (95% CI) 
 

Proximal peri-implant fracture 14 (5.4%) 0 (0.0%) * * * 

Any peri-implant fracture 14 (5.4%) 7 (1.1%) 0.18 (0.07, 0.46) 
p=0.0004 

0.19 (0.07, 0.50) 
p=0.001 

0.20 (0.07, 0.54) 
p=0.002 

Time to any peri-implant fracture (years), median (IQR) 0.28 (0.08, 0.53) 1.9 (0.58, 2.7)    

Major reoperation 24 (9.3%) 27 (4.2%) 0.44 (0.24, 0.79) 
p=0.007 

0.51 (0.28, 0.92) 
p=0.03 

0.51 (0.28, 0.93) 
p=0.03 

Time to major reoperation (years), median (IQR) 0.53 (0.08, 1.0) 1.14 (0.37, 2.5)    

Minor reoperation 12 (4.7%) 19 (3.0%) 0.77 (0.36, 1.7) 
p=0.52 

0.81 (0.38, 1.7) 
p=0.5 

0.81 (0.34, 2.0) 
p=0.65 

Time to minor reoperation (years), median (IQR) 0.70 (0.21, 1.2) 0.56 (0.07, 0.85)    

* Could not be assessed as no event occurred in the FNP group. 
1 cause-specific hazard ratios (csHR) were adjusted for age, sex, glucocorticoid use (yes or no), and Charlson comorbidity index score. 
2 sub-distribution hazard ratios (sdHRs) were calculated using the Fine and Gray proportional sub-distribution hazard regression model. 



Table 3. Frequencies of reoperations. 
 

Type of reoperation Surgical procedure 

No femoral neck  
protection 

(NFNP) 
n = 257 

Femoral neck  
protection 

(FNP) 
n = 640 

Major  

Complete implant removal 4 (1.6%) 1 (0.2%) 

Revision with plate osteosynthesis 1 (0.4%) 6 (0.9%) 

Revision with IMN osteosynthesis 5 (1.9%) 10 (1.6%) 

THR because of nonunion 0 (0%) 3 (0.5%) 

Peri-implant hip fracture 14 (5.4%) 0 (0%) 

Distal peri-implant fracture 0 (0%) 7 (1.1%) 

Minor  

Partial implant removal 6 (2.3%) 6 (0.9%) 

Dynamizing procedures 4 (1.6%) 5 (0.8%) 

THR because of OA 0 (0%) 2 (0.3%) 

Other (arthroscopy, soft tissue procedures, ...) 2 (0.8%) 6 (0.9) 

None   221 (86.0%) 594 (92.8%) 

IMN, Intramedullary nail; THR, Total hip replacement; OA, Osteoarthritis. 
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