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Abstract
Purpose  To determine whether internal fixation (IF) or hip arthroplasty (HA) is associated with superior outcomes in geri-
atric nondisplaced femoral neck fracture (FNF) patients.
Methods  Data from the Registry for Geriatric Trauma of the German Trauma Society (ATR-DGU) were analyzed (IF Group 
449 and HA Group 1278 patients). In-hospital care and a 120-day postoperative follow-up were conducted. Primary outcomes, 
including mobility, residential status, reoperation rate, and a generic health status measure (EQ-5D score), and the second-
ary outcome of mortality were compared between groups. Multivariable analyses were performed to assess independent 
treatment group associations (odds ratios, ORs) with the primary and secondary end points.
Results  Patients in the HA group were older (83 vs. 81 years, p < 0.001) and scored higher on the Identification of Seniors at 
Risk screening (3 vs. 2, p < 0.001). We observed no differences in residential status, reoperation rate, EQ-5D score, or mor-
tality between groups. After adjusting for key covariates, including prefracture ambulatory capacity, the mobility of patients 
in the HA group was more frequently impaired at the 120-day follow-up (OR 2.28, 95% confidence interval = 1.11–4.74).
Conclusion  Treatment with HA compared to treatment with IF led to a more than twofold increase in the adjusted odds of 
impaired ambulation at the short-term follow-up, while no significant associations with residential status, reoperation rate, 
EQ-5D index score, or mortality were observed. Thus, IF for geriatric nondisplaced FNFs was associated with superior mobil-
ity 120 days after surgery. However, before definitive treatment recommendations can be made, prospective, randomized, 
long-term studies must be performed to confirm our findings.
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Introduction

Femoral neck fractures (FNFs) are one of the most common 
injuries (> 50% of all hip fractures) among geriatric trauma 
patients and are associated with a significant health care bur-
den as well as detrimental effects on quality of life [1–3]. 
A threefold functional decline and increases in mortality The member of Registry for Geriatric Trauma DGU listed in 

acknowledgements.

 *	 Markus Laubach 
	 mlaubach@ukaachen.de

1	 Department of Orthopaedics, Trauma and Reconstructive 
Surgery, RWTH Aachen University Hospital, Pauwelsstraße 
30, 52074 Aachen, Germany

2	 School of Mechanical, Medical and Process Engineering, 
Faculty of Engineering, Queensland University 
of Technology, Brisbane 4059, Australia

3	 AUC-Academy for Trauma Surgery (AUC), Munich, 
Germany

4	 Department of Orthopedic and Trauma Surgery, Lucerne 
Cantonal Hospital, Lucerne, Switzerland

5	 Working Committee on Geriatric Trauma Registry (AK 
ATR) of the German Trauma Society (DGU), Berlin, 
Germany

http://orcid.org/0000-0002-3451-1445
http://crossmark.crossref.org/dialog/?doi=10.1007/s00068-021-01801-1&domain=pdf


1852	 M. Laubach et al.

1 3

during the first year ranging from 8.4% to 36.0% have been 
observed in hip fracture patients when compared to a pro-
spectively studied population of uninjured individuals [4, 5].

Joint replacement techniques, such as total hip replace-
ment (THR) or hemiarthroplasty, are well established as 
treatments for displaced FNFs [6–8]. For the treatment of 
nondisplaced FNFs, however, no therapy recommendations 
based on high-class evidence have been established. In a 
retrospective study assessing the Norwegian hip fracture 
register, no clinically relevant differences between screw 
osteosynthesis for nondisplaced FNFs and hemiarthroplasty 
for displaced FNFs were observed [9]. Notably, fewer wound 
infections, less blood loss, and shorter surgery times have 
been described for the treatment of FNFs with internal fixa-
tion (IF) than for hip arthroplasty (HA) [10]. In addition, the 
risk of nonunion and avascular necrosis of the femoral head 
(AVN) after osteosynthetic treatment of nondisplaced FNFs 
has been considered low in the past [11]. However, these 
findings have been challenged by prospective trials, some of 
which have yielded beneficial and others unfavorable clinical 
outcomes of hemiarthroplasty when compared to IF among 
patients with nondisplaced FNFs [12–14]. Furthermore, the 
literature indicates an overall risk of reoperation of 14.1% 
and conversion to HA rates of up to 16% among elderly 
nondisplaced FNF patients treated with IF [15, 16]. Nota-
bly, the health care costs associated with conversion from IF 
to HA are significantly higher than those for primary joint 
replacement [17].

Thus, the controversy surrounding the best treatment of 
nondisplaced FNF has not yet been resolved. The present 
study aimed to compare mobility, residential status, reop-
eration rate, and health-related quality of life (HRQoL) as 
well as early mortality associated with IF and HA for non-
displaced FNFs by evaluating data from a geriatric trauma 
registry.

Methods

Study design and patient selection

We performed a retrospective register-based observational 
study with datasets from the Registry for Geriatric Trauma 
of the German Trauma Society (ATR-DGU) including 
geriatric trauma patients with hip fractures admitted to 74 
hospitals between 1 January 2016 and 31 December 2018 
(n = 16,236). After the exclusion of all non-FNF patients 
(n = 9394), displaced FNF patients (n = 4803) and patients 
who had undergone treatments other than IF or HA (n = 312), 
the final cohort of nondisplaced FNF patients (Garden Types 
I and II fractures; n = 1727) included only patients treated 
with either IF (n = 449) or HA (n = 1278, Fig. 1). Data from 
the ATR-DGU comprise pseudonymized and standardized 

documentation of geriatric patients (≥ 70 years of age) with 
surgically treated hip fractures collected at five consecutive 
time points: upon hospital admission, preoperatively, intra-
operatively, during the first postoperative week, and at dis-
charge/transfer. Furthermore, on postoperative Day 120, an 
additional optional follow-up was conducted. Upon hospital 
admission, the patients were assessed once with the modi-
fied and validated Identification of Seniors at Risk (ISAR) 
screening tool [18, 19]. The ISAR score indicates the risk 
of adverse health outcomes, including mortality, functional 
decline, readmission, and institutionalization, and ranges 
from 0 (low risk) to 6 (high risk) points. The total number 
of patients with prefracture anticoagulation was recorded, 
and consequently, in the case of intake of anticoagulants, the 
individual anticoagulant medication was reported. Briefly, 
antiplatelet drugs (APDs) include acetylsalicylic acid and 
P2Y12 receptor blockers, vitamin K antagonists (VKAs) 
include phenprocoumon and warfarin, and direct oral antico-
agulants (DOACs) include factor IIa inhibitors and factor Xa 
inhibitors. All patients provided written informed consent 
for participation in the registry (ATR-DGU) after receiving 
spoken and written information. The present study com-
plies with the RECORD statement [20] and is in line with 
the publication guidelines of the ATR-DGU [21] registered 
under project ID 2019–008.

Fig. 1   Study design and patient selection flow chart. ATR-DGU, Reg-
istry for Geriatric Trauma of the German Trauma Society; FNF femo-
ral neck fracture, HA hip arthroplasty, IF internal fixation
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Primary and secondary outcomes

Primary outcomes included mobility and residential status, 
reoperation rate, and HRQoL. The prefracture mobility sta-
tus was categorized as ambulation without impairment or 
impaired ambulation depending on whether assistive devices 
were needed to support walking. The ambulation without 
impairment category included patients with the ability to 
walk without assistive devices. The category of impaired 
ambulation included patients who used walking sticks, 
crutches, a walker or any other mobility device either inside 
or outside the residency or who had no functional walking 
ability (i.e., no possible use of lower extremities). Further-
more, the residential status of the patients was documented 
and categorized as not institutionalized (community-dwell-
ing) or institutionalized (residents of nursing homes and 
hospitals) for further analysis. A reoperation was defined 
as any surgical procedure performed due to complications 
after the primary (index) surgery—either during in-hospital 
care or during the first 120 days after the index surgery. 
HRQoL was measured by the non-disease-specific European 
Quality of Life-5 Dimensions (EQ-5D) instrument [22]. The 
EuroQol Group developed the standardized EQ-5D ques-
tionnaire, which expresses each respondent’s health status 
through a one-dimensional measure ranging from 0 (very 
poor) to 1 (the best possible health) [23]. The survey datasets 
available in this study were based on the original three-level 
version of the EQ-5D questionnaire (EQ-5D-3L), hereafter 
referred to as the EQ-5D questionnaire. Responses to the 
five questions of the EQ-5D questionnaire were transformed 
into a single HRQoL value using the time trade-off algo-
rithm, which was validated for use in Germany [24]. The 
baseline EQ-5D questionnaire was administered during the 
first week of hospital admission and repeated prospectively 
during a routine follow-up of 120 days after surgery either 
in the outpatient clinic or via telephone interview. Mortality, 
both during in-hospital care and 120 days after surgery, was 
the secondary outcome.

Statistical analyses

The baseline characteristics and outcome variables of the 
study population are provided using descriptive statistics. 
The data are presented as medians with interquartile ranges 
(IQRs) for continuous variables or percentages (%) for cat-
egorical variables. A Pearson chi-square test was used to 
compare categorical variables with more than five expected 
observations, and Fisher’s exact test was applied for categor-
ical variables with fewer than five expected observations. A 
Mann–Whitney U test served to compare continuous vari-
ables. While adjusting for the key covariates of sex, age, pre-
fracture residential and mobility status, ISAR scores, intake 

of prefracture anticoagulation, and ASA class (American 
Society of Anesthesiologists classification), multivariable 
logistic or linear regression analyses were applied to assess 
the associations of surgical treatment with in-hospital mor-
tality and EQ-5D index scores as well as mortality, reopera-
tion rate, residential and mobility status, and EQ-5D index 
scores 120 days after surgery. Odds ratios (ORs) or regres-
sion coefficients (ẞ) are presented with their respective 95% 
confidence intervals (CIs). Two-tailed p values < 0.05 were 
considered significant. All analyses were performed using R 
statistical software (version 4.0.2; R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results

The type of osteosynthesis (IF) and endoprosthesis (HA) 
and patients’ demographics as well as baseline character-
istics are summarized in Table 1. Compared to patients in 
the IF group (n = 449, 66.0% female), patients in the HA 
group (n = 1278, 68.2% female) had a higher median age 
(83 years vs. 81 years, p < 0.001) and higher median ISAR 
scores (3 vs. 2, p < 0.001) and were less frequently able 
to ambulate without impairment prior to FNF (36.0% vs. 
43.0% p = 0.012). Sex and residential status prior to frac-
ture were not significantly different between groups. In the 
IF group, patients were prescribed APDs more frequently 
(79% vs. 65%), while in contrast, fewer VKAs (11% vs. 17%) 
and fewer DOACs (10% vs. 17%) were taken (p = 0.002). 
Patients with impaired mobility before their hip fractures 
consisted mainly of those using crutches for ambulation in 
both the IF (24.1%) and HA (28.9%) groups. Before sus-
taining FNFs, 3.5% of patients in the IF group and 3.7% in 
the HA group were unable to ambulate. Both the median 
time from hospital admission to surgery and the duration 
of in-hospital care (length of stay, LOS) were shorter in 
the IF group (16.4 h vs. 21.4 h, p < 0.001 and 14.0 days vs. 
15.1 days, p < 0.001, respectively).

Primary and secondary outcomes

Patients who received IF were more frequently able to ambu-
late without any impairment at 120 days after surgery than 
patients in the HA group (19.6% vs. 10.5%, p = 0.003). The 
number of institutionalized patients at follow-up was lower 
in the IF group (29.3% vs. 38.2%, p = 0.039). We found no 
difference in terms of reoperation rates during in-hospital 
care (IF 2.5%, HA 2.6%, p = 1.000) or during the 120-day 
follow-up period (IF 5.9%, HA 4.0%, p = 0.310). Notably, 
however, in the IF group, requiring secondary THR or hemi-
arthroplasty was the major cause for reoperation during in-
hospital care (3 out of 12 events) and during 120 days of 
follow-up (9 out of 17 events). The types of reoperation are 
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depicted in Supplement 1 of the supplementary material. 
The median EQ-5D index score on day seven after surgery 
was 0.70 in both groups (IF 0.29–0.79, HA 0.29–0.70, 
p = 0.769). At the 120-day follow-up, the EQ-5D index score 
of the IF group was 0.81 (0.5–1.0) and that of the HA group 
was 0.80 (0.5–0.9, p = 0.095). Mortality rates during in-
hospital care (IF 3.6%, HA 3.7%, p = 1.000) and during the 
120-day follow-up period were similar between the groups 
(IF 7.5%, HA 9.7%, p = 0.468). The primary and secondary 
outcomes are summarized in Table 2.

Multivariable regression analyses of surgical 
treatment as a predictor of primary and secondary 
outcomes

The prognostic value of surgical treatment (IF or HA) for 
primary and secondary outcomes adjusted for patient demo-
graphics and baseline characteristics was analyzed in mul-
tiple individual linear or logistic regression analyses. After 
adjusting for key covariates, including prefracture ambulatory 

capacity, HA was a significant independent predictor of 
reduced mobility at the 120-day follow-up point (OR 2.28, 
95% CI 1.11–4.74). Thus, the mobility of patients treated with 
HA at follow-up was 2.28 times more often impaired than 
that of those who received IF. Furthermore, no independent 
association of surgical treatment with institutionalized living 
status, reoperation rate, or mortality was observed (Fig. 2). 
Additionally, no independent associations of surgical treat-
ment with the EQ-5D Index Score at day seven during in-hos-
pital care (data available for 827 patients) or at 120 days after 
index surgery (data available for 296 patients) were found 
(ß = 0.010, 95% CI − 0.030–0.050, p = 0.615 and ß = 0.004, 
95% CI − 0.057–0.064, p = 0.903, respectively).

Discussion

Nondisplaced FNFs commonly occur in geriatric patients, 
and their incidence will further increase due to demographic 
changes in industrialized countries. However, only 60% of 

Table 1   Patient demographics 
and baseline characteristicsa

ASA class American Society of Anesthesiologists classification, IQR interquartile range, ISAR Identifica-
tion of Seniors at Risk
a Pearson’s chi-squared test unless otherwise specified
b Mann–Whitney U test
c Fisher’s exact test
d Data missing for seven patients in the internal fixation group and 13 patients in the hip arthroplasty group
e Data missing for 128 patients in the internal fixation group and 427 patients in the hip arthroplasty group

Baseline characteristics Internal fixation
(n = 449)

Hip arthroplasty
(n = 1278)

p value

Age (years), median (IQR)d 81 (76–87) 83 (79–88)  < 0.001b

Female, no./total no. (%) 304/446 (68.2%) 839/1272 (66.0%) 0.430
ISAR score, median (IQR)e 2 (1–3) 3 (2–4)  < 0.001b

Prefracture anticoagulation, no./total no. (%) 212/430 (49.3%) 619/1200 (51.6%) 0.450
Anticoagulant medication, no./total no. (%) 0.002
 Antiplatelet drugs (APD) 166/212 (79%) 394/619 (65%)
 Vitamin K antagonists (VKA) 23/212 (11%) 103/619 (17%)
 Direct oral anticoagulants (DOAC) 22/212 (10%) 105/619 (17%)
 Other 1/212 (1%) 17/619 (1%)

ASA class, no./total no. (%) 0.334c

 ASA 1 healthy 15/448 (3.4%) 34/1264 (2.7%)
 ASA 2 mild, systemic disease 114/448 (25.5%) 323/1264 (25.6%)
 ASA 3 severe, systemic disease 292/448 (65.2%) 820/1264 (64.9%)
 ASA 4 incapacitating disease 27/448 (6.0%) 96/1264 (7.6%)
 ASA 5 moribund 0/448 1/1264 (0.1%)

Procedure type
 Multiple cancellous screws 41.4%
 Single large-diameter screw (dynamic hip 

screw) with side-plate
33.4%

 Nail fixation 25.2%
 Total hip replacement 14.3%
 Hemiarthroplasty 85.7%
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patients recover to their prefracture walking abilities within 
the first six months after surgery [25]. To contribute to an 
ongoing international debate regarding the preferred surgical 
treatment of geriatric nondisplaced FNFs [26], we analyzed 
data from 1,727 patients from the ATR-DGU who received 
either IF or HA.

The particularly high number of patients with impaired 
ambulation before fracture (IF Group 43.0%, HA Group 
34.4%) and the further postoperative decrease at short-term 
follow-up (IF Group 19.6%, HA Group 10.5%) may be 
related to the strict definition of ambulation without impair-
ment (i.e., ability to walk without any assistive devices). 
However, a similar decrease of 59% to 26% in the propor-
tion of individuals able to walk without aids at the one-year 
follow-up after hip fracture has been observed in another 
study [27]. Moreover, at the time of follow-up, HA was a 
significant predictor of impaired mobility (OR 2.28); nota-
bly, the model controlled for prefracture ambulatory capac-
ity. This observation contrasts with other studies reporting 
either no differences between screw osteosynthesis and 
hemiarthroplasty or superior functional outcome for hemi-
arthroplasty at short-term follow-up [14, 28]. The specific 
type of osteosynthesis might have particularly contributed to 
the superior mobility outcome in the present study. Almost 
60% of patients in the IF group received dynamic hip screws 
(DHSs), for which superior functional outcomes compared 
to those associated with screw osteosynthesis have been 

reported [29]. We acknowledge that the assessment of mobil-
ity within a short follow-up period of 120 days may have a 
limited capacity to predict long-term functional outcomes, 
which is particularly relevant during the process of estab-
lishing treatment recommendations. However, the functional 
outcomes, including mobility rates, of patients treated with 
screw osteosynthesis either remained similar or improved 
compared to those of patients treated with hemiarthroplasty 
within two to three years after surgery in other studies [14, 
28]. Thus, we infer that favorable short-term results may 
well translate into successful long-term functional outcomes 
of IF, particularly when DHSs or comparable implants are 
used.

Furthermore, we observed a higher unadjusted institu-
tionalization rate in the HA group at the 120-day postopera-
tive follow-up point. Previous studies identified older age, 
poorer general health and impaired prefracture functional 
status as determinants of discharge to residential/nursing 
care and long-term need for supported living arrangements 
following hip fractures [30–32]. In line with these findings, 
the adjusted multivariable analysis did not show an inde-
pendent association of surgical treatment with institution-
alization rate. Therefore, we believe the observed higher 
institutionalization rate may be due to the older age, poorer 
general condition (higher ISAR score) and more impaired 
prefracture ambulatory capacity of patients in the HA group 
rather than the surgical treatment itself. In addition, patients 

Table 2   Primary and secondary 
outcomesa

EQ-5D European Quality of Life-5 Dimensions, IQR interquartile range
a Fisher’s exact test unless otherwise specified
b Pearson’s chi-squared test
c Mann–Whitney U test
d Data missing for 104 patients in the internal fixation group and 318 patients in the hip arthroplasty group
e Data missing for 292 patients in the internal fixation group and 957 patients in the hip arthroplasty group

Outcome measure/time points Internal fixation
(n = 449)

Hip arthroplasty
(n = 1278)

p value

Ambulation without impairment, no./total no. (%)
 Prefracture 182/423 (43.0%) 410/1193 (34.4%) 0.012
 120 days after surgery 38/194 (19.6%) 47/447 (10.5%) 0.003

Institutionalized, no./total no. (%)
 Prefracture 106/440 (24.1%) 320/1242 (25.8%) 0.524
 120 days after surgery 54/184 (29.3%) 146/382 (38.2%) 0.039

Reoperation, no./total no. (%)
 In-hospital care 11/447 (2.5%) 33/1275 (2.6%) 1.000 b

 120 days after surgery 14/239 (5.9%) 24/606 (4.0%) 0.310b

EQ-5D index score, median (IQR)
 In-hospital cared 0.70 (0.29–0.79) 0.70 (0.29–0.70) 0.769c

 120 days after surgerye 0.81 (0.5–0.9) 0.80 (0.5–0.9) 0.095c

Mortality, no./total no. (%)
 In-hospital care 16/439 (3.6%) 46/1245 (3.7%) 1.000
 120 days after surgery 15/199 (7.5%) 41/423 (9.7%) 0.468
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undergoing HA might have been required to improve their 
underlying health conditions more frequently before receiv-
ing clearance to receive anesthesia, which, in turn, might 
have prolonged the time to surgery and, thereby, increased 
the LOS in this group [33, 34]. Osteosynthetic treatment of 
FNFs is less invasive; therefore, patients in the IF group with 
better general health might have received preoperative clear-
ance for anesthesia earlier than those in the HA group [35]. 
However, to conclusively elucidate the independent influ-
ence of surgical treatment on residential status and LOS, 
prospective trials are needed.

Our unadjusted and adjusted reoperation rates showed no 
differences between the IF and HA treatments. In a recently 
published randomized controlled trial (RCT) of impacted 
FNFs with a 36-month follow-up, Wei et  al. [14] also 
observed no significant differences in the reoperation rate 
between the IF and hemiarthroplasty groups. These findings, 
however, are not in accordance with a Norwegian study [28] 
that reported a reoperation rate of 20% after screw osteo-
synthesis versus 5% after hemiarthroplasty of nondisplaced 
FNFs (p = 0.002). In that study, the standard treatment of 

nondisplaced FNFs was osteosynthesis with two cancellous 
screws [28], while in the present cohort, a larger proportion 
of patients in the IF group did not undergo treatment with 
screw osteosynthesis. The greater biomechanical stability of 
DHSs compared to cancellous screws may reduce reopera-
tion rates and result in a higher overall success rate [36]. 
Notably, a subgroup analysis of the FAITH trial showed that 
13.2% of nondisplaced FNF patients who underwent osteo-
synthetic treatment (49.9% cancellous screws, 50.1% DHS) 
required HA in the 24 months following the initial procedure 
[37]. Although no significant differences were found, we 
also observed that secondary THR or hemiarthroplasty were 
the major causes of reoperation in the IF group. However, 
a subgroup analysis of the nondisplaced FNF patients with 
IF conducted to elaborate the results of the different osteo-
synthetic treatments (e.g., cancellous screws versus DHS) 
was not performed in the FAITH trial [37] or in our study. 
The two large RCTs currently being conducted in Sweden 
(HipSTHeR trial [38]) and in Denmark (SENSE trial [39]) 
comparing IF including screw fixation or DHS with THR or 

Fig. 2   Multivariable analyses with adjusted odds ratios and 95% con-
fidence intervals (CI) for the surgical treatment of hip arthroplasty 
as predictors of in-hospital mortality as well as impaired ambula-
tion, institutionalization, reoperation, and mortality at follow-up. The 
model was adjusted for sex, age, prefracture residential and mobility 

status, ISAR score, use of prefracture anticoagulation medication, and 
ASA class. ASA class, American Society of Anesthesiologists clas-
sification; ISAR, Identification of Seniors at Risk. *p < 0.05. Data 
availability: 1n = 375, 2n = 351, 3n = 484, 4n = 990, 5n = 378
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hemiarthroplasty might achieve the required sample size to 
allow such subgroup analyses.

Furthermore, overall satisfactory long-term HRQoL has 
been described in the literature, especially for older patients 
treated for nondisplaced FNFs with IF as well as for those 
undergoing primary elective THR [14, 40]. In line with 
recent findings [14, 28], we observed that the difference in 
HRQoL between the IF and HA groups remained propor-
tionate throughout the follow-up period and that the EQ-5D 
index scores did not differ between the groups.

In addition to no differences in HRQoL, in line with 
previous studies [28, 41], we also found similar short-term 
mortality in both treatment groups. The short-term follow-
up mortality rates observed in the present study (IF 7.5%, 
HA 9.7%) were slightly higher than the four-month mortal-
ity rates of 6.6% observed in patients with displaced FNFs 
treated with osteosynthesis and 7.1% in those treated with 
hemiarthroplasty reported by Gjertsen et al. [41]. However, 
the ASA physical status in the current study indicated infe-
rior overall preoperative health compared to that among the 
individuals included in the study conducted by Gjertsen et al. 
[41], which might account for the minor differences in early 
mortality between the studies. Notably, while surgical treat-
ment was not an independent predictor of mortality in the 
current study, Gjertsen et al. [41] observed lower HRQoL 
at a four-month follow-up in patients with displaced FNFs 
treated with IF compared to the HRQoL of those treated 
with hemiarthroplasty. Thus, we believe that when the eli-
gibility criteria for IF are chosen appropriately, comprising 
the exclusion of displaced FNFs, osteosynthetic treatment, 
especially if an alternative method to screw fixation is used, 
might represent an adequate treatment option for elderly 
FNF patients. In addition, avoiding screw osteosynthesis 
may be associated with favorable functional outcomes and 
fewer reoperations; however, RCTs with an additional focus 
on patient-reported outcome measures (PROMs) [38, 39] 
are required to compare different types of osteosynthesis for 
geriatric nondisplaced FNFs before final treatment recom-
mendations can be made.

We note several limitations mainly attributed to the retro-
spective study design, although data collection for the ATR-
DGU was prospective. Preoperative patient mobility was not 
objectively measured. Furthermore, PROM data (EQ-5D 
questionnaire) were available by day seven after hospital 
admission. This collection of subjective data in combination 
with the absence of repeated measurements preintervention 
and postintervention might have resulted in retrospective 
reporting bias [42]. However, we controlled for potential 
confounders, which improves the generalizability of the 
results obtained in observational studies [43]. Nonetheless, 
we were unable to analyze the effect of potentially influential 
factors that were not recorded in the initial ATR-DGU, such 
as posterior tilt on preoperative radiographic imaging, which 

is associated with fixation failure in particular [37]. The 
most common complications after IF of nondisplaced FNFs 
are nonunion and AVN, which often develop two to three 
years after treatment [44]. Therefore, we might have missed 
associated reoperations due to our follow-up period of four 
months. Nonetheless, patients’ functional capabilities upon 
hospital discharge have proven to be a strong predictor of 
long-term functional status [45]. Missing patient data at fol-
low-up (e.g., due to transfer to nursing facility), as observed 
in the current study, are common in geriatric hip fracture 
studies, and similar response rates have been reported in a 
four-month follow-up period [41]. Furthermore, a postopera-
tive 120-day follow-up rate of only 48% in the ATR-DGU 
has been described and attributed to the voluntary nature of 
the respective data acquisition [46]. Therefore, selection bias 
cannot be excluded.

Conclusion

After a short-term follow-up, patients who received IF 
following nondisplaced FNFs had superior mobility and 
similar reoperation rates, EQ-5D index scores, and mortal-
ity along with shorter in-hospital care durations than those 
who received HA. However, RCTs with a longer follow-up 
period are required to confirm superior mobility rates for IF 
in the long term and to provide objective evidence necessary 
to establish treatment guidelines for nondisplaced FNFs in 
geriatric patients.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00068-​021-​01801-1.

Acknowledgements  The authors would like to acknowledge all mem-
bers of the Working Committee on Geriatric Trauma Registry (AK 
ATR) of the German Trauma Society (DGU) who provided very valu-
able comments during the internal review of this study. The ATR-DGU 
is managed by the AUC—Academy for Trauma Surgery (AUC), which 
oversees the scientific development of this registry and thereby allows 
for the conduction of research studies such as the one presented here. 
Furthermore, we would like to thank the numerous hospitals that con-
tribute to the ATR-DGU.

Author contributions  All authors contributed to the study’s conception 
and design. RV conducted the statistical analysis of the data. ML, FMB, 
MK, CDW, FH, and MP conducted the initial data interpretation. ML 
wrote the first draft of the manuscript. All authors approved the content 
of the final manuscript. Registry for Geriatric Trauma DGU: Host of 
the German Geriatric Trauma Register. It is no natural person. Accord-
ing to the publication guideline, the Registry for Geriatric Trauma 
DGU should be listed as a co-author. According to the guideline it 
should be written as “… and the Registry for Geriatric Trauma DGU” 
or “… on behalf of the Registry for Geriatric Trauma DGU”. It is not 
the senior author of this manuscript; this is MP.

https://doi.org/10.1007/s00068-021-01801-1


1858	 M. Laubach et al.

1 3

Funding  Open Access funding enabled and organized by Projekt 
DEAL. The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Availability of data and material  The data used to support the findings 
of this study are provided by the ATR-DGU and maintained by the 
AUC. Data are available from the AUC for researchers who meet the 
criteria for access to confidential data. Requests for access to these data 
should be made to the AUC.

Declarations 

Conflict of interest  The authors report no conflict of interest in this 
work.

Ethical approval  The present study is in line with the publication 
guidelines of the ATR-DGU and was registered under project ID 2019-
008.

Consent to participate  Written informed consent to participate was 
obtained from the patients.

Consent for publication  Written informed consent was obtained from 
all patients.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Reske-Nielsen C, Medzon R. Geriatric trauma. Emerg Med Clin 
North Am. 2016;34(3):483–500. https://​doi.​org/​10.​1016/j.​emc.​
2016.​04.​004.

	 2.	 Alexiou KI, Roushias A, Varitimidis SE, Malizos KN. Quality of 
life and psychological consequences in elderly patients after a hip 
fracture: a review. Clin Interv Aging. 2018;13:143–50. https://​doi.​
org/​10.​2147/​cia.​S1500​67.

	 3.	 Thorngren KG, Hommel A, Norrman PO, Thorngren J, Wingstrand 
H. Epidemiology of femoral neck fractures. Injury. 2002;33(Suppl 
3):C1-7. https://​doi.​org/​10.​1016/​s0020-​1383(02)​00324-8.

	 4.	 Bentler SE, Liu L, Obrizan M, Cook EA, Wright KB, Geweke 
JF, et al. The aftermath of hip fracture: discharge placement, 
functional status change, and mortality. Am J Epidemiol. 
2009;170(10):1290–9. https://​doi.​org/​10.​1093/​aje/​kwp266.

	 5.	 Abrahamsen B, van Staa T, Ariely R, Olson M, Cooper C. Excess 
mortality following hip fracture: a systematic epidemiological 
review. Osteoporos Int. 2009;20(10):1633–50. https://​doi.​org/​10.​
1007/​s00198-​009-​0920-3.

	 6.	 Healy WL, Iorio R. Total hip arthroplasty: optimal treatment for 
displaced femoral neck fractures in elderly patients. Clin Orthop 
Relat Res. 2004;429:43–8.

	 7.	 Tarasevičius Š, Jermolajevas V, Tarasevičius R, Žegunis V, 
Smailys A, Kalesinskas RJ. Total hip replacement for the treat-
ment of femoral neck fractures. Long-term results. Medicina. 
2005;41(6):465–9.

	 8.	 Frihagen F, Nordsletten L, Madsen JE. Hemiarthroplasty or inter-
nal fixation for intracapsular displaced femoral neck fractures: ran-
domised controlled trial. BMJ. 2007;335(7632):1251–4. https://​
doi.​org/​10.​1136/​bmj.​39399.​456551.​25.

	 9.	 Gjertsen J-E, Fevang JM, Matre K, Vinje T, Engesæter LB. 
Clinical outcome after undisplaced femoral neck fractures. Acta 
Orthop. 2011;82(3):268–74. https://​doi.​org/​10.​3109/​17453​674.​
2011.​588857.

	10.	 Parker MJ, Gurusamy K. Internal fixation versus arthroplasty for 
intracapsular proximal femoral fractures in adults. Cochrane Data-
base Syst Rev. 2006;4:Cd001708. https://​doi.​org/​10.​1002/​14651​
858.​CD001​708.​pub2.

	11.	 Gjertsen JE, Engesaeter LB, Furnes O, Havelin LI, Steindal K, 
Vinje T, et al. The Norwegian hip fracture register: experiences 
after the first 2 years and 15,576 reported operations. Acta Orthop. 
2008;79(5):583–93. https://​doi.​org/​10.​1080/​17453​67081​00165​88.

	12.	 Hui AC, Anderson GH, Choudhry R, Boyle J, Gregg PJ. Internal 
fixation or hemiarthroplasty for undisplaced fractures of the femo-
ral neck in octogenarians. J Bone Joint Surg Br. 1994;76(6):891–4.

	13.	 Lu Q, Tang G, Zhao X, Guo S, Cai B, Li Q. Hemiarthroplasty ver-
sus internal fixation in super-aged patients with undisplaced femo-
ral neck fractures: a 5 year follow-up of randomized controlled 
trial. Arch Orthop Trauma Surg. 2017;137(1):27–35. https://​doi.​
org/​10.​1007/​s00402-​016-​2591-9.

	14.	 Wei P, Xu Y, Gu Y, Geng D, Yao Q, Wang L. Conservative vs 
surgical treatment of impacted femoral neck fracture in patients 75 
years and older. J Am Geriatr Soc. 2020. https://​doi.​org/​10.​1111/​
jgs.​16535.

	15.	 Onativia IJ, Slullitel PA, Diaz Dilernia F, Gonzales Viezcas JM, 
Vietto V, Ramkumar PN, et al. Outcomes of nondisplaced intra-
capsular femoral neck fractures with internal screw fixation in 
elderly patients: a systematic review. Hip Int. 2018;28(1):18–28. 
https://​doi.​org/​10.​5301/​hipint.​50005​32.

	16.	 Overmann AL, Richards JT, O’Hara NN, D’Alleyrand JC, Slo-
bogean GP. Outcomes of elderly patients with nondisplaced or 
minimally displaced femoral neck fractures treated with inter-
nal fixation: a systematic review and meta-analysis. Injury. 
2019;50(12):2158–66. https://​doi.​org/​10.​1016/j.​injury.​2019.​09.​
039.

	17.	 Burgers PT, Hoogendoorn M, Van Woensel EA, Poolman RW, 
Bhandari M, Patka P, et  al. Total medical costs of treating 
femoral neck fracture patients with hemi- or total hip arthro-
plasty: a cost analysis of a multicenter prospective study. Osteo-
poros Int. 2016;27(6):1999–2008. https://​doi.​org/​10.​1007/​
s00198-​016-​3484-z.

	18.	 McCusker J, Bellavance F, Cardin S, Trépanier S, Verdon J, Ard-
man O. Detection of older people at increased risk of adverse 
health outcomes after an emergency visit: the ISAR screening 
tool. J Am Geriatr Soc. 1999;47(10):1229–37. https://​doi.​org/​10.​
1111/j.​1532-​5415.​1999.​tb052​04.x.

	19.	 Warburton RN, Parke B, Church W, McCusker J. Identification of 
seniors at risk: process evaluation of a screening and referral pro-
gram for patients aged ≥ 75 in a community hospital emergency 
department. Int J Health Care Qual Assur. 2004;17:339−48.

	20.	 Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, 
Petersen I, et al. The reporting of studies conducted using obser-
vational routinely-collected health data (RECORD) statement. 
PLoS Med. 2015;12(10): e1001885. https://​doi.​org/​10.​1371/​journ​
al.​pmed.​10018​85.

	21.	 Unfallchirurgie AUCAd, Arbeitskreis Alters Trauma Register D. 
Das Alters Trauma Register DGU®—aktueller stand, methodik 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.emc.2016.04.004
https://doi.org/10.1016/j.emc.2016.04.004
https://doi.org/10.2147/cia.S150067
https://doi.org/10.2147/cia.S150067
https://doi.org/10.1016/s0020-1383(02)00324-8
https://doi.org/10.1093/aje/kwp266
https://doi.org/10.1007/s00198-009-0920-3
https://doi.org/10.1007/s00198-009-0920-3
https://doi.org/10.1136/bmj.39399.456551.25
https://doi.org/10.1136/bmj.39399.456551.25
https://doi.org/10.3109/17453674.2011.588857
https://doi.org/10.3109/17453674.2011.588857
https://doi.org/10.1002/14651858.CD001708.pub2
https://doi.org/10.1002/14651858.CD001708.pub2
https://doi.org/10.1080/17453670810016588
https://doi.org/10.1007/s00402-016-2591-9
https://doi.org/10.1007/s00402-016-2591-9
https://doi.org/10.1111/jgs.16535
https://doi.org/10.1111/jgs.16535
https://doi.org/10.5301/hipint.5000532
https://doi.org/10.1016/j.injury.2019.09.039
https://doi.org/10.1016/j.injury.2019.09.039
https://doi.org/10.1007/s00198-016-3484-z
https://doi.org/10.1007/s00198-016-3484-z
https://doi.org/10.1111/j.1532-5415.1999.tb05204.x
https://doi.org/10.1111/j.1532-5415.1999.tb05204.x
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1371/journal.pmed.1001885


1859Internal fixation versus hip arthroplasty in patients with nondisplaced femoral neck fractures:…

1 3

und publikationsrichtlinie Der. Unfallchirurg. 2019;122(10):820–
2. https://​doi.​org/​10.​1007/​s00113-​019-​0698-5.

	22.	 Brooks R. EuroQol: the current state of play. Health Policy. 
1996;37(1):53–72. https://​doi.​org/​10.​1016/​0168-​8510(96)​
00822-6.

	23.	 EuroQol Group. EuroQol—a new facility for the measurement of 
health-related quality of life. Health Policy. 1990;16(3):199–208. 
https://​doi.​org/​10.​1016/​0168-​8510(90)​90421-9.

	24.	 Greiner W. Health economic evaluation of disease manage-
ment programs: the German example. Eur J Health Econ. 
2005;6(3):191–6. https://​doi.​org/​10.​1007/​s10198-​005-​0305-2.

	25.	 Magaziner J, Hawkes W, Hebel JR, Zimmerman SI, Fox KM, 
Dolan M, et al. Recovery from hip fracture in eight areas of func-
tion. J Gerontol A Biol Sci Med Sci. 2000;55(9):M498–507.

	26.	 Okike K, Hasegawa IG. Current trends in the evaluation and 
management of nondisplaced femoral neck fractures in the 
elderly. J Am Acad Orthop Surg. 2020. https://​doi.​org/​10.​5435/​
jaaos-d-​20-​00349.

	27.	 Rosell PA, Parker MJ. Functional outcome after hip fracture. 
A 1 year prospective outcome study of 275 patients. Injury. 
2003;34(7):529–32. https://​doi.​org/​10.​1016/​s0020-​1383(02)​
00414-x.

	28.	 Dolatowski FC, Frihagen F, Bartels S, Opland V, Šaltytė Benth 
J, Talsnes O, et al. Screw fixation versus hemiarthroplasty for 
nondisplaced femoral neck fractures in elderly patients: a mul-
ticenter randomized controlled trial. J Bone Joint Surg Am. 
2019;101(2):136–44. https://​doi.​org/​10.​2106/​jbjs.​18.​00316.

	29.	 Siavashi B, Aalirezaei A, Moosavi M, Golbakhsh MR, Savadkoohi 
D, Zehtab MJ. A comparative study between multiple cannulated 
screws and dynamic hip screw for fixation of femoral neck fracture 
in adults. Int Orthop. 2015;39(10):2069–71. https://​doi.​org/​10.​
1007/​s00264-​015-​2881-9.

	30.	 Lisk R, Yeong K, Fluck D, Fry CH, Han TS. The ability of the not-
tingham hip fracture score to predict mobility, length of stay and 
mortality in hospital, and discharge destination in patients admit-
ted with a hip fracture. Calcif Tissue Int. 2020;107(4):319–26. 
https://​doi.​org/​10.​1007/​s00223-​020-​00722-2.

	31.	 Cree M, Soskolne CL, Belseck E, Hornig J, McElhaney JE, Brant 
R, et al. Mortality and institutionalization following hip fracture. 
J Am Geriatr Soc. 2000;48(3):283–8. https://​doi.​org/​10.​1111/j.​
1532-​5415.​2000.​tb026​47.x.

	32.	 Pajulammi HM, Pihlajamäki HK, Luukkaala TH, Nuotio MS. Pre- 
and perioperative predictors of changes in mobility and living 
arrangements after hip fracture—a population-based study. Arch 
Gerontol Geriatr. 2015;61(2):182–9. https://​doi.​org/​10.​1016/j.​
archg​er.​2015.​05.​007.

	33.	 Schoeneberg C, Aigner R, Pass B, Volland R, Eschbach D, Peiris 
SE, et al. Effect of time-to-surgery on in-house mortality during 
orthogeriatric treatment following hip fracture: a retrospective 
analysis of prospectively collected data from 16,236 patients of 
the AltersTraumaRegister DGU®. Injury. 2020. https://​doi.​org/​
10.​1016/j.​injury.​2020.​09.​007.

	34.	 Orosz GM, Magaziner J, Hannan EL, Morrison RS, Koval K, 
Gilbert M, et al. Association of timing of surgery for hip fracture 
and patient outcomes. JAMA. 2004;291(14):1738–43. https://​doi.​
org/​10.​1001/​jama.​291.​14.​1738.

	35.	 Saul D, Riekenberg J, Ammon JC, Hoffmann DB, Sehmisch S. 
Hip fractures: therapy, timing, and complication spectrum. Orthop 
Surg. 2019;11(6):994–1002. https://​doi.​org/​10.​1111/​os.​12524.

	36.	 Yih-Shiunn L, Chien-Rae H, Wen-Yun L. Surgical treatment of 
undisplaced femoral neck fractures in the elderly. Int Orthop. 
2007;31(5):677–82. https://​doi.​org/​10.​1007/​s00264-​006-​0243-3.

	37.	 Okike K, Udogwu UN, Isaac M, Sprague S, Swiontkowski MF, 
Bhandari M, et al. Not all garden-I and II femoral neck fractures in 
the elderly should be fixed: effect of posterior tilt on rates of sub-
sequent arthroplasty. J Bone Joint Surg Am. 2019;101(20):1852–
9. https://​doi.​org/​10.​2106/​jbjs.​18.​01256.

	38.	 Wolf O, Sjöholm P, Hailer NP, Möller M, Mukka S. Study proto-
col: HipSTHeR—a register-based randomised controlled trial—
hip screws or (total) hip replacement for undisplaced femoral neck 
fractures in older patients. BMC Geriatr. 2020;20(1):19. https://​
doi.​org/​10.​1186/​s12877-​020-​1418-2.

	39.	 Viberg B, Kold S, Brink O, Larsen MS, Hare KB, Palm H. Is 
arthroplaSty bEtter than interNal fixation for undiSplaced femo-
ral nEck fracture? A national pragmatic RCT: the SENSE trial. 
BMJ Open. 2020;10(10): e038442. https://​doi.​org/​10.​1136/​bmjop​
en-​2020-​038442.

	40.	 Aalund PK, Glassou EN, Hansen TB. The impact of age and 
preoperative health-related quality of life on patient-reported 
improvements after total hip arthroplasty. Clin Interv Aging. 
2017;12:1951–6. https://​doi.​org/​10.​2147/​cia.​S1494​93.

	41.	 Gjertsen JE, Vinje T, Lie SA, Engesaeter LB, Havelin LI, Furnes 
O, et al. Patient satisfaction, pain, and quality of life 4 months 
after displaced femoral neck fractures: a comparison of 663 frac-
tures treated with internal fixation and 906 with bipolar hemiar-
throplasty reported to the Norwegian hip fracture register. Acta 
Orthop. 2008;79(5):594–601. https://​doi.​org/​10.​1080/​17453​67081​
00165​97.

	42.	 Rolfson O, Bohm E, Franklin P, Lyman S, Denissen G, Dawson J, 
et al. Patient-reported outcome measures in arthroplasty registries 
report of the patient-reported outcome measures working group 
of the international society of arthroplasty registries part II. Rec-
ommendations for selection, administration, and analysis. Acta 
Orthop. 2016;87 Suppl(Suppl 1):9–23. https://​doi.​org/​10.​1080/​
17453​674.​2016.​11818​16.

	43.	 Benson K, Hartz AJ. A comparison of observational studies and 
randomized, controlled trials. N Engl J Med. 2000;342(25):1878–
86. https://​doi.​org/​10.​1056/​nejm2​00006​22342​2506.

	44.	 Kim SJ, Park HS, Lee DW. Complications after internal screw fix-
ation of nondisplaced femoral neck fractures in elderly patients: a 
systematic review. Acta Orthop Traumatol Turc. 2020;54(3):337–
43. https://​doi.​org/​10.​5152/j.​aott.​2020.​03.​113.

	45.	 Boonen S, Autier P, Barette M, Vanderschueren D, Lips P, 
Haentjens P. Functional outcome and quality of life following 
hip fracture in elderly women: a prospective controlled study. 
Osteoporos Int. 2004;15(2):87–94. https://​doi.​org/​10.​1007/​
s00198-​003-​1515-z.

	46.	 Schoeneberg C, Pass B, Volland R, Knobe M, Eschbach D, Ket-
ter V, et al. Four-month outcome after proximal femur fractures 
and influence of early geriatric rehabilitation: data from the 
German Centres of Geriatric Trauma DGU. Arch Osteoporos. 
2021;16(1):68. https://​doi.​org/​10.​1007/​s11657-​021-​00930-9.

https://doi.org/10.1007/s00113-019-0698-5
https://doi.org/10.1016/0168-8510(96)00822-6
https://doi.org/10.1016/0168-8510(96)00822-6
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1007/s10198-005-0305-2
https://doi.org/10.5435/jaaos-d-20-00349
https://doi.org/10.5435/jaaos-d-20-00349
https://doi.org/10.1016/s0020-1383(02)00414-x
https://doi.org/10.1016/s0020-1383(02)00414-x
https://doi.org/10.2106/jbjs.18.00316
https://doi.org/10.1007/s00264-015-2881-9
https://doi.org/10.1007/s00264-015-2881-9
https://doi.org/10.1007/s00223-020-00722-2
https://doi.org/10.1111/j.1532-5415.2000.tb02647.x
https://doi.org/10.1111/j.1532-5415.2000.tb02647.x
https://doi.org/10.1016/j.archger.2015.05.007
https://doi.org/10.1016/j.archger.2015.05.007
https://doi.org/10.1016/j.injury.2020.09.007
https://doi.org/10.1016/j.injury.2020.09.007
https://doi.org/10.1001/jama.291.14.1738
https://doi.org/10.1001/jama.291.14.1738
https://doi.org/10.1111/os.12524
https://doi.org/10.1007/s00264-006-0243-3
https://doi.org/10.2106/jbjs.18.01256
https://doi.org/10.1186/s12877-020-1418-2
https://doi.org/10.1186/s12877-020-1418-2
https://doi.org/10.1136/bmjopen-2020-038442
https://doi.org/10.1136/bmjopen-2020-038442
https://doi.org/10.2147/cia.S149493
https://doi.org/10.1080/17453670810016597
https://doi.org/10.1080/17453670810016597
https://doi.org/10.1080/17453674.2016.1181816
https://doi.org/10.1080/17453674.2016.1181816
https://doi.org/10.1056/nejm200006223422506
https://doi.org/10.5152/j.aott.2020.03.113
https://doi.org/10.1007/s00198-003-1515-z
https://doi.org/10.1007/s00198-003-1515-z
https://doi.org/10.1007/s11657-021-00930-9

	Internal fixation versus hip arthroplasty in patients with nondisplaced femoral neck fractures: short-term results from a geriatric trauma registry
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and patient selection
	Primary and secondary outcomes
	Statistical analyses

	Results
	Primary and secondary outcomes
	Multivariable regression analyses of surgical treatment as a predictor of primary and secondary outcomes

	Discussion
	Conclusion
	Acknowledgements 
	References




