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Abstract

Background Trochanteric fractures in the older population are challenging to treat due to osteoporotic bone and
high risk of fixation failure. Cement augmentation (CA) of cephalomedullary fixation has been proposed to enhance
implant anchorage and reduce complications. This study compared mechanical failure rates and clinical outcomes
between cement-augmented and conventional cephalomedullary nailing in osteoporotic trochanteric fractures.

Methods We performed a retrospective comparative study of patients with trochanteric fractures treated with either
a CA or non-CA cephalomedullary nail from February 2022 to July 2023.To minimize selection bias, 1:2 propensity
score matching was applied to our initial 143 consecutive cases (28 CA, 115 non-CA), yielding 28 augmented and

56 conventional cases. The primary outcome was the rate of implant cut-out. Secondary outcomes were excessive
telescopic sliding, 1-year mortality, and patient-reported outcome measures using Harris Hip Score (HHS) and EuroQol
5-Dimension (Eq. 5D) at the final follow up.

Results After matching, the CA group had no instances of cut-out (0/28), compared to 1 case (1/56, 1.8%) in the
non-CA group (p=1.00), though the study was underpowered for this rare outcome, with mean follow-up periods of
19.2+18.3 weeks and 23.0+22.5 weeks, respectively. Excessive sliding of the proximal screw occurred in 3 patients
(10.7%) with CA versus 7 (12.5%) without (p=1.00) during the same follow-up period, while 1-year mortality was
similar between groups (CA 25.0% vs. non-CA 19.6%, p=0.78). Final follow-up HHS and Eq. 5D scores were similar
between the CA and non-CA groups. No cement-related complications, such as leakage or thermal injury, were
observed in this cohort.

Conclusions Cement augmentation of a cephalomedullary nail demonstrated comparable mechanical outcomes
in terms of cut-out and excessive sliding, as well as similar 1-year mortality and functional outcomes to conventional
fixation. This process with a cephalomedullary nail appears to be a safe and effective option for older patients with
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a trochanteric fracture and shows no postoperative complications. Further large prospective studies are needed to

identify patients expected to benefit most from CA.
Trial registration not applicable.

Keywords Cement augmentation, Trochanteric fracture, Cephalomedullary nail, Cut-out, Osteoporotic hip fracture

Background

Trochanteric fractures represent one of the most com-
mon and challenging fragility fractures in the older pop-
ulation [1, 2]. These fractures occur predominantly in
osteoporotic bone, hindering stable fixation [3, 4]. The
standard treatment typically involves internal fixation
with cephalomedullary nails, which provide biomechani-
cal advantages through load-sharing across the fracture
site [5, 6]. However, fixation failure, such as cut-out of the
lag screw or helical blade, remains a concern in cepha-
lomedullary nailing, with failure rates reported at 2—-15%
depending on bone quality and fracture characteristics
(5, 7].

Cement augmentation (CA) of cephalomedullary fixa-
tion is a potential technique to enhance construct sta-
bility in osteoporotic bone [8]. This procedure involves
injection of polymethylmethacrylate (PMMA) bone
cement through perforations in the proximal screw into
the surrounding cancellous bone of the femoral head.
Biomechanical studies have consistently demonstrated
that CA significantly increases the resistance to cut-out
under cyclic loading and shifts stress distribution pat-
terns to reduce micromotion at the bone-implant inter-
face [9, 10]. This is particularly beneficial in unstable
fracture patterns with compromised lateral wall integrity,
where traditional fixation methods show higher failure
rates [11, 12].

Several observational studies have reported trends
toward fewer reoperations or mechanical complications
with augmentation, particularly in highly osteoporotic
patients [13, 14]. Notably, a multicenter randomized
controlled trial reported no significant improvement
in early postoperative mobility with CA but noted zero
mechanical failures in the augmented group compared
to a 5% reoperation rate in controls [15]. Other studies
have reported improved early weight-bearing ability with
augmentation [12, 16], although functional outcomes and
pain scores show variable results across investigations
[11, 17]. Concerns regarding potential complications
such as cement leakage, thermal necrosis, or difficul-
ties with revision surgery have also been raised, though
recent evidence suggests that the technique is generally
safe when properly executed [8, 18].

Despite promising biomechanical data, clinical evi-
dence supporting the efficacy of CA remains inconclu-
sive, particularly in Asian populations where relevant
studies are lacking. Our study aims to address this clinical

imbalance by comparing the mechanical and clinical out-
comes of CA vs. non-CA cephalomedullary fixation in
trochanteric fractures, with a primary focus on cut-out
rates and secondary attention to excessive implant slid-
ing, 1-year mortality, and mobility status at the final
follow-up.

Methods

Study design and patients

We conducted a retrospective comparative study at
a regional university-affiliated referral hospital. After
Institutional Review Board approval (9-2025-0048), we
identified 182 patients who underwent cephalomedul-
lary nailing for a hip fracture between February 2022 and
July 2023. Inclusion criteria were patients diagnosed with
trochanteric fractures classified as AO/OTA type 31-Al,
A2, or A3, treated with a proximal femoral cephalomed-
ullary nail. Exclusion criteria were pathological fractures,
atypical femoral fractures, concomitant ipsilateral lower
extremity injuries, revision surgeries for prior hip frac-
ture fixation, or follow-up shorter than 3 months. Among
these patients, 28 patients underwent CA based on pre-
operative and intraoperative assessment. All patients
had preoperative bone mineral density measurement by
dual-energy X-ray absorptiometry scanning. Patients
were considered for CA if they had: (1) severe osteopo-
rosis (T-score < —2.5) with poor cortical quality on radio-
graphs; (2) unstable fracture patterns (AO/OTA 31-A2
with lateral wall incompetence or 31-A3); and/or (3)
intraoperative findings of poor implant purchase, severe
comminution, or inadequate reduction stability. The final
decision was made by the attending surgeon based on the
combination of these factors. The remaining 115 patients
underwent standard cephalomedullary nailing without
augmentation (non-CA group). The patient selection
process and exclusion criteria are illustrated in Fig. 1.

Surgical technique

All patients underwent fracture fixation in the supine
position on a traction table under fluoroscopic guidance.
In the CA group, bone cement was injected through the
cannulated implant (TFNA, DePuy Synthes) using the
TRAUMACEM™ V + Augmentation System (DePuy Syn-
thes, Raynham, MA, USA). Although based on PMMA,
the cement formulation includes zirconium dioxide for
radiopacity and hydroxyapatite to enhance biocom-
patibility. We used a standardized cement volume of
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Patients diagnosed with a hip fracture treated with a

proximal femoral cephalomedullary nail between

February 2022 and July 2023 (n= 182)

A G S

Exclusion criteria
Pathologic fractures (n = 2)
Atypical femoral fractures (n = 6)
Concomitant ipsilateral lower extremity injuries (n = 1)
Revision surgeries for prior hip fracture fixation (n = 3)
Follow-up less than 3 months (n =27)

A 4

Patients who underwent cephalomedullary nailing for
intertrochanteric fractures classified as AO/OTA type
31-Al, A2, or A3 between February 2022 and July 2023

(n=143)
Cement augmentation Non-cement augmentation
group group
(n=28) (n=115)
v

Propensity score matching 1:2

(Age, sex, BMI,, CCI, ASA class, KOVAL grade, BMD,

operated side, time to surgery, follow-up period)

Cement augmentation

group
(n=28)

Non-cement augmentation

group
(n=56)

Fig. 1 CONSORT flow diagram of patient selection

approximately 4 mL (range, 3—5 mL) per case, adjusted
according to the patient’s femoral head size and deliv-
ered via a pressure syringe once the implant was in the
final position, following the manufacturer’s technique for
a fenestrated nail. The cement was allowed to polymer-
ize for a few minutes before completing distal locking. In
the non-CA group, nails were placed in standard fash-
ion without cement injection. All surgeries were per-
formed by a single orthopedic surgeon specializing in
hip trauma. Postoperatively, patients in both groups were
mobilized weight-bearing as tolerated in accordance with
our geriatric fracture protocol, unless the surgeon speci-
fied partial weight-bearing due to fracture complexity or
poor fixation purchase. Thromboprophylaxis and stan-
dard postoperative care for hip fracture were applied
uniformly. A representative case example is illustrated
in Fig. 2, showing a 97-year-old female patient with an
intertrochanteric fracture treated with cement-aug-
mented TFNA, demonstrating the surgical technique and
satisfactory healing at 1-year follow-up.

Outcomes and definitions

The primary outcome was implant cut-out, defined
radiographically as migration of the proximal screw lead-
ing to protrusion from the femoral head superiorly into
the joint or through the cortex [19]. All postoperative
pelvis and hip radiographs obtained at routine follow-up
intervals of 1 month, 3 months, 6 months, and 1 year, as
well as at any unscheduled visits, were reviewed for evi-
dence of cut-out. The secondary outcomes were exces-
sive sliding of the proximal screw, 1-year mortality, and
patient-reported outcome measures using Harris Hip
Score (HHS) and EuroQol 5-Dimension (Eq. 5D) at the
final follow-up. We defined excessive sliding as >15 mm
of telescoping of the lag screw or helical blade measured
on final follow-up radiographs according to previous
studies [20-22]. This mechanical measurement repre-
sents the shortening distance of the implant within the
femoral head and neck, which may occur independently
of fracture reduction quality. 1-year mortality was deter-
mined based on hospital records and national health
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Fig. 2 Case example of cement-augmented cephalomedullary fixation for a trochanteric fracture in a 97-year-old female A and B: preoperative plain
radiograph and 3D reconstructed CT image, C: intraoperative view of cement augmentation, D: 1-year postoperative radiograph

insurance disenrollment data, using the date of insurance
eligibility loss as a surrogate marker for death.

We additionally assessed radiographic reduction qual-
ity and implant positioning on the immediate postopera-
tive films [23]. The tip apex distance (TAD) was measured
as the sum of distances from the tip of the proximal
screw to the apex of the femoral head on anteroposterior
(AP) and lateral views [24]. We also calculated the calcar-
referenced tip apex distance (Cal-TAD) to account for
the position of the tip relative to the inferomedial calcar
on AP view. Placement of the implant within the femoral
head was assessed using the Cleveland zone classifica-
tion on both AP and lateral views [25]. The center-center
position was defined as the reference category, repre-
senting the optimal placement. Positions adjacent to the
center—center were grouped as +, indicating acceptable
placement, whereas peripheral or malpositioned zones
were classified as x, indicating suboptimal positioning.
Reduction quality was graded using the Chang reduc-
tion quality criteria, which evaluate fracture alignment
and cortical continuity on AP and lateral radiographs
[26]. Scores range from 0 to 4, with higher scores indicat-
ing better reduction. Based on prior literature, scores of

3 or 4 were considered anatomical, 2 as acceptable, and
scores < 1 as poor. These radiographic parameters were
recorded by a fellowship-trained orthopedic traumatolo-
gist blinded to the study hypothesis.

Statistical analysis

Categorical variables were compared between groups
using Fisher’s exact test or chi-square test, as appropri-
ate. Continuous variables were assessed for normality
and compared using Student’s t-test or Mann-Whitney
U test. The primary analysis compared outcomes in the
matched CA vs. non-CA groups. Significance was set at
a=0.05 (two-tailed). Given the relatively small sample
size, we also examined absolute differences and 95%
confidence intervals. No a priori sample size calculation
was performed due to the retrospective design; however,
the study had low power to detect very rare events like
cut-out. To reduce selection bias due to the non-random
allocation of augmentation, we performed propensity
score matching. The propensity score was derived from
a logistic regression model for likelihood of CA based
on baseline variables of age, sex, body mass index (BMI),
Charlson Comorbidity Index (CCI), American Society
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Table 1 Demographics of the study cohort before and after propensity score matching

Before propensity score matching

After propensity score matching

Cement Conventional Total p Cementaugmenta-  Conventional p
augmentation group tion group group
group
N, hips 28 115 143 28 56
Age 86.5+6.1 80.9+9.8 82.0+95 <0.001 86.5+6.1 85.1+£58 032
Female 24 (85.7%) 89 (77.4%) 113 (79.0%) 048 24 (85.7%) 46 (82.1%) 0.92
Body mass index 235440 221436 224+37 0.09 235440 228+29 043
ca 5316 50%1.1 5112 0.36 53%16 52+1.1 0.63
ASA class 043 0.29
2 1(3.6%) 9 (7.8%) 10 (7.0%) 1(3.6%) 5(8.9%)
3 27 (96.4%) 102 (88.7%) 129 (90.2%) 27 (96.4%) 48 (85.7%)
4 0 (0.0%) 4 (3.5%) 4 (2.8%) 0 (0.0%) 3 (5.4%)
KOVAL scale 44+1.7 41+20 41+£19 0.50
Bone mineral density, T-score —-3.0+0.7 -30+1.0 —-3.0+09 0.75 —-3.0+0.7 —3.1+09 0.63
Operated side, right/left 17/11 50/65 67/76 0.15 17/11 34/22 1
Time to surgery, days 24%20 38+30 35+29 <0.05 24%20 24+15 0.94
Follow-up period, weeks 19.2+183 335+279 30.7+£26.8 <001 1924183 23.0+225 049

CCl Charlson comorbidity index, ASA American Society of Anesthesiologists

Table 2 Comparison of fracture type, implant used, and
postoperative reduction assessment between the two groups
after propensity score matching

After propensity score matching

Cement Conven- Total p
augmenta- tional
tion group group
N, hips 28 56 84
AO/OTA classification 0.91
31.A1 8 (28.6%) 17 (304%) 25 (29.8%)
31.A2 19(67.9%) 36 (64.3%) 55 (65.5%)
31.A3 1 (3.6%) 3(54%) 4 (4.8%)
Implant used <0.001
TNFA with cement 28 (100.0%) 0 (0.0%) 28 (33.3%)
TENA 0 (0.0%) 27 (48.2%) 27 (32.1%)
PENA 0 (0.0%) 16 (28.6%) 16 (19.0%)
Gamma3 0(0.0%) 13(23.2%) 13 (15.5%)
Tip apex distance, 189+44 188+4.8 18.8+4.7 0.93
mm
Calcar-referenced tip 22.9+3.6 21.7+45 221442 0.25

apex distance, mm
Cleveland zone classification 0.36

Reference 18 (64.3%) 27 (482%) 45 (53.6%)
(optimal)
+ (acceptable) 9 (32.1%) 25 (44.6%) 34 (40.5%)
X (suboptimal) 1(3.6%) 4(7.1%) 5 (6.0%)
Chang score 0.71
0 0(0.0%) 1(1.8%) 1(1.2%)
1 0 (0.0%) 1(1.8%) 1(1.2%)
2 2(7.1%) 8 (14.3%) 10 (11.9%)
3 7 (25.0%) 11(196%) 18(21.4%)
4 19(67.9%) 35(62.5%) 54 (64.3%)

TNFA Trochanteric Fixation Nail-Advanced, PFNA Proximal Femur Nail
Antirotation, AP Anteroposterior

of Anesthesiologists (ASA) class, preoperative KOVAL
scale, bone mineral density, operated side, time to sur-
gery, and follow-up period. Patients in the CA group
were matched to patients in the non-CA group with a
caliper of 0.2 at a ratio of 1:2 using nearest-neighbor
matching without replacement. All statistical analyses
were conducted using R software, version 4.4.0.

Results

Prior to matching, patients selected for CA were sig-
nificantly older than those in the conventional group
(86.5+6.1 vs. 80.9+9.8 vyears, p<0.001) (Table 1).
Although not significant, there was a trend toward a
higher proportion of female patients (85.7 vs. 77.4%,
p=048) and a higher BMI (23.5+4.0 vs. 22.1+3.6 kg/
m?, p=0.09) in the CA group. After PSM, the CA group
(28 patients) and the non-CA group (56 patients) were
well matched, with no significant differences in demo-
graphic or clinical characteristics. The follow-up period
was significantly shorter in the CA group before match-
ing (19.2+£18.3 vs. 33.5£27.9 weeks, p<0.01) but was
comparable between the two groups after matching
(19.2+18.3 vs. 23.0 £ 22.5 weeks, p = 0.49).

Radiographic measurements of postoperative reduc-
tion status were comparable between groups after PSM
(Table 2). The AO/OTA classification showed no sig-
nificant difference between the two groups (p=0.91). In
the non-CA group, three types of implants were used
(TENA, PENA, and Gamma3) (p <0.001). The mean TAD
was 18.9+4.4 mm in the CA group and 18.8£4.8 mm in
the non-CA group (p=0.93), and the Cal-TAD was also
similar (22.9+3.6 vs. 21.7+4.5 mm, p=0.25). On the
AP and lateral views, according to the Cleveland zone
system, the lag screw or blade was positioned in the
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Table 3 Mechanical and functional outcomes of cement-
augmented vs. non-augmented cephalomedullary nailing
groups after propensity score matching
After propensity score matching
Cement augmen- Conven- p

tation group tional
group
N, hips 28 56
Cut out 0(0.0%) 1(1.8%) 0.98
Excessive sliding 3(10.7%) 7 (12.5%) 1.00
1-year mortality 7 (25.0%) 11(196%) 0.78
HHS at baseline 252452 259+6.1 0.58
HHS at postoperative 1 year 64.8+104 64.1+10.1 078
Eq. 5D at baseline 36.1+25 36.7+26 025
Eq. 5D at postoperative 1 year  63.7+8.1 604+87 0.10

HHS Harris Hip Score, Eq. 5D EuroQol 5-Dimension

reference or acceptable zone in 96.4% of cases in the CA
group and 92.9% in the non-CA group (p=0.36). Qual-
ity of fracture reduction assessed by the Chang score
was comparable between the groups (p=0.71), with ana-
tomical or acceptable reduction achieved in 96.4% of the
CA group and 94.6% of the non-CA group. The results
between the two groups before PSM are presented in
Supplementary Table 1 (Table 3).

The incidence of implant cut-out was comparable
between the groups after matching, with no cases in the
CA group (0 of 28 hips, 0%) and 1 case in the non-CA
group (1 of 56 hips, 1.8%) (p=0.98). We observed no sig-
nificant difference in excessive fracture collapse between
groups. Excessive sliding of the proximal screw was
recorded in 3 patients (10.7%) with CA and 7 patients
(12.5%) with non-CA fixation (p=1.00), and 1-year mor-
tality did not differ significantly between the groups. In
the CA group, 7 of 28 patients (25.0%) died, compared
to 11 of 56 (19.6%) in the non-CA group (p=0.78). At
the final follow-up, functional outcomes assessed by the
HHS and Eq. 5D were comparable between the CA and
non-CA groups (HHS 64.8+10.4 vs. 64.1+10.1, p=0.78;
EQ-5D 63.7+8.1 vs. 60.4+8.7, p=0.10) after matching.
Mechanical and clinical outcomes before PSM were pre-
sented in Supplementary Table 2. We did not observe any
cement-related systemic or local complications such as
fat embolism syndrome or intra-operative cement leak-
age and thermal damage in the CA group.

Discussion

We found no significant differences in mechanical out-
comes including cut-out and excessive sliding or in
functional outcomes such as 1-year mortality and final
follow-up HHS and Eq. 5D between CA and non-CA
cephalomedullary nailing in this matched cohort of tro-
chanteric fractures. No cases of cut-out were observed
in the CA group (0%), supporting the hypothesis that
augmentation improves construct stability. Meanwhile,
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the non-CA group also showed a relatively low cut-out
rate of 1.8% (1 of 56 hips), which is below the historically
reported incidence of 2—-6% with modern intramedullary
devices [5, 6]. These findings suggest that, when proper
surgical principles are applied, CA can achieve clinical
outcomes comparable to those of conventional fixation.
However, this study might have been underpowered to
detect a significant difference due to the low event rate.

The protective mechanism of CA can be explained
using biomechanical principles. When cement is injected
around the proximal screw, it creates an interdigitated
bone-cement cloud that supports the implant against
toggling and varus tipping in the femoral head. Finite ele-
ment analyses and cadaver studies show that injecting
cement around the proximal screw markedly increases
the force required for cut-out and reduces femoral
head rotation or varus collapse under load [9, 10, 27].
The cement primarily limits micromotion at the bone-
implant interface, particularly in low-bone-density con-
ditions, stabilizing the construct [18, 27]. This stabilizing
effect is especially important in highly osteoporotic bone,
where traditional fixation might be compromised by poor
purchase of the implant [18].

Our findings echo those of Kammerlander et al., who
conducted a multicenter trial of 223 patients [15]. In their
study, CA did not improve early functional outcomes,
but no patient in the CA group required reoperation for
mechanical failure, compared to six patients (5% of cases)
in the non-CA group. Our study pattern is remarkably
similar: no failures with augmentation vs. one without.
These consistent findings suggest that augmentation can
prevent the worst-case scenario of lag screw cut-out in
extremely osteoporotic bone, even though the difference
did not reach significance due to the already low failure
rates achieved with current standards of care [17, 28].

Importantly, our data suggest that CA did not signifi-
cantly reduce excessive sliding during fracture healing.
Some surgeons worry that augmentation might over-
stabilize the fracture, preventing the desired impaction
that contributes to secondary bone healing. In our series,
however, the incidence of excessive sliding was com-
parable between the CA group (3 of 28, 10.7%) and the
non-CA group (7 of 56, 12.5%) after matching (p = 1.00).
This suggests that CA provides resistance mainly against
gross failure but does not eliminate controlled subsid-
ence of the fracture, which is beneficial for healing. Thus,
concerns about rigid fixation with PMMA augmentation
were not substantiated by our clinical observations. This
aligns with findings by Mochizuki et al., who observed
that augmented nails allowed earlier full weight-bearing
with improved early functional scores compared to non-
augmented nails, without compromising fracture healing
[16].
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Regarding safety, our results and the literature indi-
cate that CA is a safe adjunct when used properly. We
observed no cement-related complications such as
emboli, deep infection, leakage, or avascular necrosis
due to thermal damage. A meta-analysis by Mansour et
al. pooling several studies found that CA nails do not
increase perioperative complication rates compared to
standard fixation [8], and no difference in mortality has
been observed [13, 17]. The key to safe application is
using the correct technique, including complete reduc-
tion before cement injection and careful monitoring of
cement volume and distribution under fluoroscopy to
avoid leakage [18]. In our series, we routinely limited
cement to approximately 4 mL and did not encounter
any significant extravasation, similar to the technique
described by Dall'oca et al. [11].

The gap between the biomechanical improvements and
clinical outcomes observed in our study may be attrib-
uted to a complex interplay of factors in the older pop-
ulation. Recent research by Olarte Salazar et al. found
that, despite radiological improvements with cement
augmentation, functional recovery was limited by factors
other than mechanical stability [29]. This paradox can
be explained by several factors specific to older patients.
First, the physiological limitations of aging, including
sarcopenia, impaired balance, and reduced physiologi-
cal reserves, might override the benefits of improved
implant stability. Studies show that pre-fracture func-
tional status remains the strongest predictor of recovery,
with Kulachote et al. finding that pre-injury ambula-
tory ability was the dominant factor influencing return
to pre-fracture mobility, far outweighing the contribu-
tion of fixation technique [30]. Second, the relationship
between bone stability and function appears to follow a
threshold effect rather than a linear relationship. Once a
minimum threshold of stability is achieved with modern
implants and proper technique, additional biomechani-
cal improvement from CA might not translate to propor-
tional functional gain. This can explain why, despite the
theoretical advantages of CA, the clinical differences in
our study were minimal. The 1-year mortality rates were
similar between groups, and PROMs at final follow-up
also were comparable. Recent meta-analyses have shown
that CA significantly reduces cut-out rates compared to
conventional fixation only in patients with documented
severe osteoporosis or highly unstable fracture patterns
[8, 17]. Third, non-biomechanical factors significantly
impact recovery regardless of fixation technique. Cog-
nitive impairment, which is prevalent in hip fracture
patients, limits participation in rehabilitation protocols.
A recent study showed that moderate to severe cognitive
impairment was associated with poorer functional out-
comes regardless of fixation stability [31]. Similarly, mul-
tiple comorbidities, nutritional status, and social support
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systems strongly influence rehabilitation potential inde-
pendent of fracture fixation quality [32]. These factors
can explain why improved mechanical stability does not
always translate to better functional outcomes in the
older population.

Considerations of CA include the cost and logistics.
Augmented nails and cement kits add expense and sur-
gical time. Joeris et al. performed a cost-effectiveness
analysis and concluded that CA was cost-saving in the
long run by avoiding reoperations and late complica-
tions [33]. Their analysis found that fixation with aug-
mentation reduced per-patient costs by approximately
$750, primarily driven by reduced reoperation rates. Our
study, with only 1 prevented failure, is too small to draw
economic conclusions, but it lends qualitative support:
even 1 less reoperation in a small cohort can justify the
upfront cost of cement, given the high expense and mor-
bidity associated with revision surgeries in this fragile
population [34].

Implant considerations should also be mentioned. All
augmented cases in our series used a helical blade with
CA, whereas the conventional group included both blade
and screw designs. Mitsuzawa et al. compared cement
augmentation through a perforated helical blade with a
perforated screw and found no significant differences
in clinical or radiographic outcomes [35]. The two tech-
niques provided effective mechanical stability along with
similar pain relief and rehabilitation profiles. This is con-
sistent with their earlier findings regarding cement dis-
tribution patterns with TFNA helical blades [18]. Other
studies have similarly demonstrated that cement aug-
mentation is effective regardless of the specific implant
design used, as confirmed in a meta-analysis [17].

While CA shows promise in enhancing implant stabil-
ity, concerns about cement-related complications remain.
In a recent retrospective cohort study, Aguado et al.
observed low rates of cement-related complications, sup-
porting the safety profile of CA in older patients under-
going proximal femoral fracture fixation [36]. Most
leakages are asymptomatic, but symptomatic cases can
present with pain, restricted mobility, or mechanical
complications. Thermal necrosis is a recognized com-
plication of PMMA cement polymerization, as local
temperatures can exceed 70 °C at the bone—cement inter-
face, posing a significant risk of osteocyte damage, par-
ticularly in older patients with compromised bone quality
[37]. Bone Cement Implantation Syndrome (BCIS), a
potentially life-threatening complication of cemented
arthroplasty and characterized by hypoxia, hypoten-
sion, and possible cardiac arrest, occurs in approximately
28-37% of patients undergoing cemented hip hemiar-
throplasty, with severe BCIS reported in 5-7% of cases
[38]. Recent developments in composite bone cements,
such as PMMA combined with tricalcium silicate, have
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demonstrated up to a 30% reduction in exothermic tem-
perature, potentially lowering the risk of thermal necrosis
without compromising mechanical properties [39].

Our study has several limitations. First, the retrospec-
tive design introduces inherent biases. Although we
attempted to control for confounding with propensity
matching, unmeasured variables could have influenced
outcomes. Second, and most critically, our study was
severely underpowered to detect differences in the pri-
mary outcome. With only 84 matched patients and a
single cut-out event, the observed difference of 0% ver-
sus 1.8% cannot be interpreted as evidence of equiva-
lence or superiority. Detecting a significant difference
would require substantially larger sample sizes, repre-
senting a major constraint in drawing definitive conclu-
sions about cement augmentation effectiveness. Third,
the heterogeneity of implants in the conventional group
is a confounder, as implant design differences could affect
outcomes independent of cement. Finally, although our
mean follow-up period of 19-23 weeks encompasses the
period when most cut-out complications typically occur
based on current literatures [40, 41], longer-term fol-
low-up would strengthen our conclusions regarding the
durability of cement augmentation and capture any late
mechanical failures. Nonetheless, our study benefits from
a matched cohort design, radiographic confirmation of
technical equivalence, and real-world applicability in a
consecutive older population, supporting its relevance
to routine orthopedic decision-making regarding cement
augmentation. Future prospective randomized controlled
trials with adequate statistical power will be essential
to definitively establish the efficacy of cement augmen-
tation, with our observed event rates suggesting that
approximately 1,500-2,000 patients would be needed to
detect significant differences in mechanical failure rates.

Conclusions

This retrospective study found no significant differences
in mechanical or clinical outcomes between cement-
augmented and conventional cephalomedullary nailing
for trochanteric fractures. The augmented group showed
no cut-out events while the conventional group had one
case (1.8%), though the limited sample size precludes
definitive statistical conclusions regarding this difference.
The absence of cement-related complications and com-
parable 1-year mortality rates (25.0% vs. 19.6%, p=0.78)
in our series suggest the technique may be safe when
properly performed, though larger studies are needed
to confirm these findings. Our preliminary data indicate
that cement augmentation may be an option for selected
patients, particularly those with severe osteoporosis or
unstable fractures. Prospective randomized trials with
adequate sample sizes and longer follow-up are required
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to establish the role of cement augmentation in managing
osteoporotic trochanteric fractures.
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