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Abstract 

Purpose: Soft tissue injury and soft tissue injury as risk factors for nonunion following trochanteric femur fractures 
(TFF) are marginally investigated. The aim of this study was to identify risk factors for impaired fracture healing in geri‑
atric trauma patients with TFF following surgical treatment with a femoral nail.

Methods: This retrospective cohort study included geriatric trauma patients (aged > 70 years) with TFF who were 
treated with femoral nailing. Fractures were classified according to AO/OTA. Nonunion was defined as lack of callus‑
formation after 6 months, material breakage, and requirement of revision surgery. Risk factors for nonunion included 
variables of clinical interest (injury pattern, demographics, comorbidities), as well as type of approach (open versus 
closed) and were assessed with uni‑ and multivariate regression analyses.

Results: This study included 225 geriatric trauma patients. Nonunion was significantly more frequently follow‑
ing AO/OTA 31A3 fractures (N = 10, 23.3%) compared with AO/OTA type 31A2 (N = 6, 6.9%) or AO/OTA 31A1 (N = 3, 
3.2%, p < 0.001). Type 31A3 fractures had an increased risk for nonunion compared with type 31A1 (OR 10.3 95%CI 
2.2 to 48.9, p = 0.003). Open reduction was not associated with increased risk for nonunion (OR 0.9, 95%CI 0.1 to 6.1. 
p = 0.942) as was not the use of cerclage (OR 1.0, 95%CI 0.2 to 6.5, p = 0.995). Factors such as osteoporosis, polytrauma 
or diabetes were not associated with delayed union or nonunion.

Conclusion: The fracture morphology of TFF is an independent risk factor for nonunion in geriatric patients. The 
reduction technique is not associated with increased risk for nonunion, despite increased soft tissue damage follow‑
ing open reduction.
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Introduction
The constant increase of life expectancy leads to ris-
ing incidence of fractures of the proximal femoral [1]. 
According to the “International Osteoporosis Founda-
tion” approximately 1.6 million low-energy fractures of 

the hip occur per year worldwide and that figure may rise 
to six million by 2050 [2]. The primary goal in the surgi-
cal treatment of geriatric trauma patients is early mobi-
lization [3, 4]. Modern methods of surgical treatment 
result in regular healing of most hip fractures; though, 
due to the increasing incidence of TFF, even a small per-
centage of cases with nonunion in this field, can add up 
to a significant number [5, 6]. The most commonly per-
formed surgical interventions for PFF consider extra- and 
intramedullary implants [7, 8]. Previous studies have 
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reported, that most treatment failures of PFF occur in 
unstable fracture patterns, with a mal-reduction of the 
posteromedial cortex or in reverse oblique fractures 
[9–13]. Other studies indicated additional factors, that 
can contribute to implant failure, such as unfavorable 
fracture patterns and poor bone quality [9, 14]. In long-
bone fractures, risk factors for nonunion were reported 
to include fracture displacement, advanced patient age 
and open reduction and internal fixation (ORIF) [15–17]. 
Based on the experience in treating shaft fractures, han-
dling of soft tissue and minimal invasive surgery are asso-
ciated with improved outcome [18, 19]. The aim of the 
present study was to identify predictors for nonunion in 
geriatric trauma patients with TFF.

Methods
Ethical consideration.
This retrospective cohort study was approved by the 
local institutional review board (Basec No.:2020–00,703). 
A consensus of data collection was obtained from all 
patients during hospitalization.

Study population
Inclusion criteria
Geriatric patients, (age > 70  years) with TFF requiring 
surgical treatment between 2013 and 2020 at one aca-
demic Level 1 trauma center were eligible to be included 
in this study. Further inclusion criteria were complete 
data sets for fracture pattern, demographic, and surgical 
treatment. A complete follow up at our institution of one 
year after surgery was further an inclusion criteria.

Exclusion criteria
Patients with oncologic diseases related to the proximal 
femur resulting in pathological fractures, fractures not 
classifiable with the AO-classification and patients with 
infections were excluded from the study. Patients with 
additional ipsilateral lower limb fractures, open injuries, 
infection, associated vascular and neurologic injuries, 
and pelvic injuries were also excluded.

Definitions, outcome and follow up
TFF were classified according to the AO/OTA-Classi-
fication [17]. The primary outcome of this study was 
nonunion following surgical fixation of TFF. The clinical 
evaluation of fracture healing is a combination of both 
radiographic- and clinical findings [20], patients with 
unremarkable clinical and radiological findings at 6 – 
12  weeks postoperatively, and similar results from the 
rest of the consultations, were considered cured/healed. 
The present study defined delayed union as failed cal-
lus formation on 3 out of 4 cortices after 3 to 6 months, 
in absence of secondary fracture or implant loosening. 

Nonunion was defined in cases with lack of callus-for-
mation after 6 months, implant breakage or requirement 
of revision surgery [21]. The follow-up appointments 
were arranged after 6  weeks, 12  weeks, 6  months and 
12  months. The assessment during each follow-up 
included physical examination, pain-assessment, and 
requirement of gait support. Radiographic imaging to 
assess the state of fracture healing was performed at 
every appointment. The primary diagnosis was based on 
conventional radiographic diagnostics. The x-ray image 
was analyzed by two independent experts: one radiolo-
gist and one senior trauma surgeon. In cases of uncer-
tainty a CT scan was performed for confirmation of the 
diagnosis.

PFF treatment protocol
According to our in-house protocol, PFF are surgically 
treated with the patient in a supine position with traction. 
In all patients, closed reduction is performed initially 
under radiological control. If the reduction is inadequate 
in either anterior–posterior or lateral view, the treat-
ing surgeon decides to perform open reduction. In both 
cases the entry point of the intramedullary implant is the 
tip of the greater trochanter. In cases where sufficient 
reduction cannot be obtained, cerclage wires may be 
used at the discretion of the treating surgeon.

The standard implant used in all included patients was 
a Gamma3®-nail-System, with previous models. Accord-
ing to the in-house standards, A1.-1–3 and A2.1–2 were 
treated with a short nail. A2.3 and A3.1–3 are treated 
with a long version of the nail. Since this implant does 
not have a standard cement augmentation feature, no 
augmentation was performed in the study cohort. Other 
implants are available in the clinic with which augmen-
tation can be achieved, however, these patients were 
excluded for better comparability of the cohort.

The postoperative rehabilitation includes full weight 
bearing, daily physiotherapeutic training, and opti-
mized medical treatment as part of the geriatric coman-
agement [22].

Statistical analysis
Continuous variables are summarized as mean with 
standard deviation (± SD). Categorical variables are dis-
played as count and percentages. Two groups of continu-
ous variables were compared using the student’s t-test. 
For groups of binary variables the chi-square test was 
used. ANOVA was used when comparing more than two 
groups. Risk factors for outcome variables were assessed 
with univariate regression analysis and presented with 
odds ratio (OR) and 95% confidence interval (CI). First, 
the analyses investigated the association of fracture mor-
phology on nonunion in exploratory analyses. Second 
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regression models were built to analyze the effect of frac-
ture morphology on nonunion. In multivariate analyses 
the effect of fracture morphology were corrected for sta-
tistical and clinical relevant variables. Variables included 
in the multivariate regressions analyses were either sta-
tistical relevant as defined by a p-value of 0.1 during 
exploratory analyses or clinical relevant: These include 
patient demographic, open reduction representing a soft 
tissue injury, and comorbidities. A p-value below 0.05 
was considered statistically significant. Statistical analysis 
was performed using R software package (R Core Team 
(2019), R Foundation for Statistical Computing, Vienna, 
Austria; (https:// www.R- proje ct. org).

Results
Out of 387 eligible patients, 225 patients were included in 
this study (Fig. 1). Patient’s age was 83.12 (SD 7.14) years 
with 160 (71.1%) of the patients being female. The major-
ity of patients (n = 202, 89.2%) suffered a ground-level 
fall. The leading comorbidity was osteoporosis (n = 97, 
43.1%). The overall length of stay (LOS) was 10.0 (SD 6.1) 
days.

The most common fracture type was AO/OTA 31A1 
(n = 95, 42.2%), followed by AO/OTA 31A2 (n = 87, 
38.7%) and 31A2 (n = 43, 19.1%). Out of the patients with 
AO/OTA 31A1 fractures, 19 (8.4%) suffered from type 
1.1, 43 (19.1%) – from type 1.2, and 33 (14.7%) – from 

type 1.3 fractures. Type 2.1 fractures were identified in 31 
(13.8%) patients, type 2.2 – in 33 (14.7%), and type 2.3 – 
in 23 (10.2%) patients. AO/OTA 31A3 fractures were dis-
tributed among 7 (3.1%) patients with type 3.1, 11 (4.9%) 
patients with type 3.2, and 25 (11.1%) patients with type 
3.3 fractures.

Basic demographic data was comparable among 
patients’ stratification according to the AO/OTA Classi-
fication. ORIF and ORIF with cerclage use was necessary 
in significantly more often in AO/OTA 31A3 fractures 
(ORIF: n = 27, 62.8%; ORIF with cerclage: n = 20, 46.5%) 
when compared to both AO/OTA 31A1 (ORIF: n = 5, 
5.3%; ORIF with cerclage: n = 3, 3.2%) and AO/OTA 
31A2 (ORIF: n = 20, 23.0%; ORIF with cerclage: n = 16, 
18.4%), p ≤ 0.001 (Table  1). Patients with nonunion 
required more often ORIF (n = 8, 42.1%, p = 0.077) when 
compared with patients without nonunion. Factors such 
as osteoporosis, polytrauma or diabetes were not asso-
ciated with nonunion (Table  2). LOS was significantly 
shorter in the remaining collective (9.63 ± 5.77  days) 
when compared to the patient collectives with nonunion 
(14.47 ± 8.32 days) and delayed union (12.55 ± 6.98 days, 
p ≤ 0.001).

Delayed union
Delayed union was observed in 73 (32.4%) patients and 
occurred significantly often in patients suffering an AO/

Fig. 1 Flow chart of patient selection

https://www.R-project.org
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OTA 31A3 fracture (n = 31, 72.1%) compared with AO/
OTA 31A2 (n = 26, 29.9%) or AO/OTA 31A1 (n = 16, 
16.8%) fractures, p < 0.001 (Table 1).

Exploratory analysis revealed that patients with 
delayed union had significantly higher rate of ORIF 
(n = 27, 37%, p = 0.001) and required significantly more 
frequently cerclage (n = 19, 26.0%, p = 0.028) when 
compared with patients with regular healing time. 
After correction for patients demographics, comor-
bidity and open approach, AO/OTA type 31A2 had 
higher risk for delayed union (OR 2.2, 95%CI 1.1 to 4.7, 
p = 0.035) as did AO/OTA type 31A3 (OR 13.6, OR 4.9 

to 37.2, p < 0.001) when compared with 31A1 fractures 
(Table 3). A univariate analysis of delayed union showed 
an odd ratio of 2.1 (95% CI 1.1 – 4.3, p = 0.039) for 
31A2 fractures and 12.8 (95% CI 5.4–30.0) P ≤ 0.001) 
for 31A3 fractures when compared to 31A1 fractures.

Nonunion
Nonunion was observed with subsequent revision sur-
gery – in 19 (8.4%) patients and was also indicated sig-
nificantly more frequently following AO/OTA 31A3 
fractures (n = 10, 23.3%) compared with AO/OTA 
type 31A2 (n = 6, 6.9%) or AO/OTA 31A1 (n = 3, 3.2%) 

Table 1. Demographicof study population stratified according to AOOTA classification of proximalfemur fracture

Table 2. Riskfactors for nonunion in exploratory analyses
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fractures, p < 0.001 (Table  1). The AO/OTA type 31A3 
fracture was an independent risk factor for nonun-
ion when compared with AO/OTA type 31A1 fracture 
(OR10.3. 95%CI 2.2 to 48.9, p = 0.003) after correction 
for demographics, comorbidities, and type of approach. 
Open reduction was not associated with increased 
risk for nonunion (OR 0.9, 95%CI 0.1 to 6.1, p = 0.942) 
(Table 4).

Discussion
The increasing population of geriatric patients with PFF 
represents a special challenge in geriatric orthopedic 
trauma care. This study aimed to assess the risk factors 

for delayed- and nonunion of PFF in geriatric trauma 
patients and identified the following important aspects:

1. ORIF and cerclage applications were not associated 
with increased rates of nonunion in geriatric PFF

2. Severity of fracture morphology was associated with 
nonunion

3. AO/OTA 31 A3 fractures represent an independent 
risk factor for nonunion

The current definitions of delayed union and nonunion 
are inconclusive, since there is no agreement on the exact 
timing when the diagnosis should be made [23]. Various 

Table 3. Prediction of delayed union in multivariate analyses

Table 4. Prediction of non union in univariate and multivariate analyses
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studies in the literature come to different timeframes 
regarding the diagnosis of nonunion. These vary between 
6–8 weeks, 3 months and up to 6 months [24–26]. Aver-
age fracture healing varies from 6  weeks to 3  months 
[27]. The ability for weight-bearing with absence of pain/
tenderness, as well as absence of pain/tenderness dur-
ing examination/palpation are the most common clinical 
criteria for assessment of fracture healing, according to a 
review of fracture healing trials [28]. For the majority of 
patients, 3 months is a reasonable time to expect union 
[29]. A generally recognized definition of nonunion is 
a fracture that has not healed and will not heal without 
further intervention in the opinion of the attending phy-
sician [30]. Therefore, all patients diagnosed with nonun-
ion were surgically revised in the current study.

Open reduction is associated with increased soft tis-
sue damage and disruption of local vascularization that 
might lead to impaired healing due to disrupted local 
biology [31]. Further, the use of cerclage was reported 
as a risk factor for necrosis and disruption of vasculari-
zation [32]. The association between open reduction or 
use of cerclage with delayed union or nonunion is based 
on theoretical knowledge and has not been proven yet in 
a clinical setup [33]. In contrast to our study, a recently 
published meta-analysis reports favorable outcomes fol-
lowing use of cerclage, based on optimized reduction 
[34]. Therefore, the use of cerclage without increased 
risk of bone healing delay might be beneficial only for 
selected cases. Similarly, the effect of open reduction on 
PFF healing has not yet been conclusively proven in clini-
cal setting [35].

Complex fracture patterns and the lack of medial cor-
tical support, varus malreduction and residual displace-
ment after reduction have been described as potential 
risk factors for nonunion of subtrochanteric femur frac-
tures [36–38]. It appears that the fracture morphology 
represents an independent risk factor for healing delay. 
The focus should therefore remain on optimal surgical 
reduction, which can be achieved by ORIF when neces-
sary, with support of cerclage wires if required.

Strength & limitations
The retrospective design of the current work is related 
to certain well-known limitations. One might argue 
that this study has an increased risk for type 2 statisti-
cal error based on the low sample size. We believe that 
– based on the standardized treatment protocol and 
the comparability of the study groups – the presented 
results provide some evidence for the identification 
of risk factors for nonunion in geriatric patients with 
TFF. Further, one might argue that the definition of 
delayed union or nonunion might be discussed and that 
radiographic analyses might be biased. We therefore 

included clinical problems, such as pain or gait dif-
ficulties into the definition of delayed and nonunion. 
It might be possible that these modifications are too 
strict, however, we believe that these definitions are 
clinically more relevant. Finally, medication usage that 
might impair fracture healing were not taken into con-
sideration in these analyses. These data were not avail-
able in our database. However, our exclusion criteria 
were very strict and most patients included suffered 
from most common comorbidities of geriatric patients 
(e.g. osteoporosis). We therefore assume that the num-
ber of patients who are under steroid therapy does not 
interfere with the present results.

Conclusion
The initial reduction technique is independent of the 
nonunion rate in geriatric PFF fracture treatment. 
Increased fracture complexity represents an independ-
ent risk factor of delayed union. AO/OTA 31 A3 fractures 
are an independent risk factor for nonunion. The treat-
ing surgeon should therefore focus on optimal reduction 
and retention of the fracture and utilize well-known tech-
niques to achieve this goal.
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