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ABSTRACT
Introduction. The specific aim of this retrospective study was to 
determine whether bone quality has any effect on the complication 
rates or overall survivorship between helical blades and lag screws in 
cephalomedullary nails used for intertrochanteric hip fractures.      
Methods.xThe authors reviewed clinical charts and radiographic 
studies of patients between January 2012 and August 2019. We 
reviewed radiographic images (pre-, intra-, and post-operative) to eval-
uate fracture fixation type, fracture reduction grade, and post-operative 
complications. We collected dual energy x-ray absorptiometry scan 
results (T-score) and serum alkaline phosphatase (ALP) isoenzyme 
activity values to evaluate patient bone quality.
Results. We included 303 cases (helical: 197, screw: 106) in the study. 
Complications were found in 31 (16%) helical blade cases and 23 (22%) 
lag screw cases. No statistically significant difference was detected when 
comparing complication rates with patient bone quality between the 
two groups. These two groups had similar one-year implant survivor-
ship with respect to T-score, the low ALP level group, and normal ALP 
level group. The helical blade had higher implant survivorship com-
pared to lag screw in five-year survival rate with respect to osteoporotic 
group, high ALP level group, and normal ALP level group (osteoporotic: 
77% vs 69%, high ALP: 73% vs 67%, normal ALP: 70% vs 64%).
Conclusions. Similar complication rates were observed between helical 
blade and lag screw constructs in cephalomedullary femoral nails when 
accounting for patient bone quality. However, the helical blade design 
had a higher five-year survival rate. Kans J Med 2023;16:207-213

INTRODUCTION
Intertrochanteric hip fractures are one of the most common injuries 

among the older adult population. They carry significant morbidity 
and mortality and have a large impact on quality of life.1-4 The number 
of hip fractures treated each year is expected to continue to increase 
significantly,5,6 and also is expected to substantially increase health 
care expenses.4,6 Cephalomedullary nails have become the device of 
choice for fixation of unstable intertrochanteric hip fractures,7-10 as 
these implants allow a fixed-angle construct, controlled fracture com-

pression, and adequate stability for immediate post-operative weight 
bearing.8,11 The cephalic screws are designed to be able to slide within 
the nail for compression while maintaining load-sharing characteristics 
at the fracture site. Currently, there are two main designs of cephalic 
screw implants available: helical blade (Figure 1A) and lag screw (Figure 
1B). There are conflicting data in the literature when comparing these 
two cephalic screw designs.12-17 Several studies have found no difference 
in the failure rate of trochanteric fractures treated with blade versus 
screw for femoral fixation.12,16 Other studies have found that when the 
helical blade was used, implant cutout or implant migration occurred 
at a significantly higher rate compared with lag screw fixation.13-15,17 
Because of these conflicting data in the literature, many orthopedic 
surgeons select one screw design over the other for their patients based 
on their comfort level or personal experience. This illustrates the need 
for a better understanding of the advantages or disadvantages in the 
use of these two screw designs for intertrochanteric hip fractures as 
orthopedists aim to optimize patient outcomes.

As many intertrochanteric fractures are related to poor bone quality, 
it is important to consider the effect that bone quality may have on 
implant stability.18,19 It is well known that accurate positioning of the 
cephalic screw in the femoral head affects the outcome following fixa-
tion of intertrochanteric hip fractures;12,14,20,21 however, the role of bone 
mineral density (BMD) or alkaline phosphatase (ALP) levels has not 
been thoroughly evaluated. There are limited clinical studies in the lit-
erature that specifically examine the effect of BMD or ALP levels on the 
lag screw versus helical blade design for intertrochanteric hip fracture 
fixation. Most of the clinical studies to date have investigated the direct 
comparison between the blade and screw designs without considering 
the effect of bone quality.10,13,14,16,21-23 To date, the majority of the litera-
ture pertaining to the effect of bone quality has been biomechanical or 
finite element modeling in nature.15, 17, 24-27 Thus, the specific aim of this 
retrospective study was to determine whether bone quality has any 
effect on the complication rates or overall survivorship between helical 
blades and lag screws in cephalomedullary nails used for intertrochan-
teric hip fractures.

Figure 1. Cephalomedullary nails for unstable intertrochanteric hip fractures: 
(A) helical blade design, (B) sliding lag screw design.
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METHODS
Participants. Approval for this study was obtained from our insti-

tute research committee and the institutional review board. The 
authors reviewed the clinical charts and radiographic studies of a 
consecutive series of patients (18 years and older) who had intertro-
chanteric fractures treated with a cephalomedulary nail. The inclusion 
criteria consisted of intertrochanteric hip fracture fixation procedures 
performed from January 2012 through August 2019 from designated 
Level-1 trauma centers within a single institution in the Midwestern 
Region of the United States. Patients with prior hip surgery, hip frac-
tures other than intertrochanteric, hip fracture fixation not utilizing 
cephalomedulary nail, inadequate length of follow-up, or inadequate 
radiographs, including unavailable pre- or post-operative films, were 
excluded from the study. Patients with post-operative clinical and 
radiographic follow-up of less than three months were excluded from 
the study; however, patients with complication or failure within three 
months were included in the study. A minimum follow-up period of 
three months was similar to those described in the literature.13,21,22,28,29 
The surgical cases examined in this study included two commonly used 
cephalomedullary nails: the Stryker gamma nail (Gamma; Mahwah, 
NJ) and the Synthes trochanteric fixation nail (TFN; Paoli, PA). The 
cephalic screw fixation of these implants was performed with either a 
lag screw or a helical blade. The type of nail, as well as the decision to use 
a lag screw or helical blade, was made according to surgeon preference.

Variables. The retrospective chart review included information 
regarding patient age, gender, body mass index (BMI), surgical date, 
laterality of procedure, initial follow-up date, and latest follow-up date. 
The intra-operative or initial post-operative plain radiographic images 
of the hip, pelvis, or femur were utilized to determine the fixation type 
(lag screw or helical blade), hardware placement, and initial fracture 
reduction quality. A fracture reduction grade was scored for each case 
based on a modification of the criteria proposed by Baumgaertner, 
et al.21 with Tip Apex Distance (TAD) measurement. The TAD mea-
surements on the plain radiographic images were calibrated with the 
magnification error of the actual stem width. Fractures were graded as 
“good”, “acceptable”, or “poor” based on three radiographic criteria as 
judged on the radiographic images. These were (1) alignment on the 
anteroposterior (AP) film for anatomic or valgus alignment, (2) neutral 
alignment on the lateral film, and (3) absence of displacement > 4 mm 
on either view apart from a displaced lesser trochanter fragment. For 
a reduction to be considered “good”, all three criteria were met. For an 
“acceptable” reduction, either alignment or displacement criteria were 
met, but not both. For a “poor” reduction, none of the three criteria 
were met.21

Bone quality or markers of bone mass assessment was performed 
using the dual energy x-ray absorptiometry (DEXA) scan results, and 
serum alkaline phosphatase (ALP) isoenzyme activity. The result of 
the DEXA scan is presented as a T-score, which represented the dif-
ference of the bone density from the average bone density of healthy 
young adults. The World Health Organization (WHO) operationally 
defines a T-score greater than -1.0 as normal, a T-score between -1.0 
and -2.5 indicated low bone mass (osteopenia), and a T-score of -2.5 or 
less indicated osteoporotic.30 The result of the ALP isoenzyme activ-
ity is presented as low, normal, and high levels. The normal range for 
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the ALP blood test was defined as 44-147 international units per liter 
(IU/L),31,32 low ALP level was defined as < 44 IU/L, and high ALP level 
as > 147 IU/L. High bone ALP levels may indicated have a type of bone 
disorder.33,34

Post-operative data collected included complication variables such 
as implant cut-out, implant migration without cut-out, femoral neck 
collapse, periprosthetic fracture, hardware failure or breakage, infec-
tion, and persistent hip pain. Survivorship in this study is defined as lack 
of complications or reoperation.

Statistical Analysis. Descriptive statistics were used to create 
demographic profile of the patients whose data were used in the study. 
Independent-samples student-t test with not assumed equal variances 
was used to evaluate for differences between groups by comparing 
population means and standard deviation of variables. For categorical 
variables, a one-sided Fisher’s exact test analysis was used to determine 
statistical significance. The Pearson chi-square statistic was utilized 
to determine significant observed differences among bone quality 
(T-score and ALP) and post-operative comparisons related to bone 
quality. Frequencies and percentages for other variables were obtained. 
Kaplan-Meier survival analysis was performed to determine all-cause 
implant survivorship at final follow-up for every patient. This study 
assumed that (1) at any time the patients who were censored should 
have the same survival prospects as those who were still being followed 
in the study, (2) the survival probabilities were the same for patients 
recruited early and late in the study, and (3) the event happened at the 
time specified. Participants who have died are considered censored. All 
statistical testing methods used were performed using IBM SPSS Sta-
tistics software (Version 24.0; IBM Corporation, Armonk, New York), 
and statistically significant relationships were defined as those with p 
value of less than 0.05.

RESULTS
There were 303 intertrochanteric hip fracture cases (247 female, 

56 male) identified, with 197 cases (159 female, 38 male) treated with 
helical blade and 106 cases (88 female, 18 male) treated with lag screw. 
The mean age was 77 years (SD = 9 years, range: 43 – 90 years) and 
the mean BMI was 26.1 kg/m2 (SD = 6.5 kg/m2, range: 15.0 – 54.6 kg/
m2). The mean follow-up period was 692 days (SD = 631 days, range: 
19 – 2,993 days), and 52% (n = 157) were left hip injuries. There were no 
statistically significant differences in demographics between these two 
study groups (gender: p = 0.371; age: p = 0.858; BMI: p = 0.159; follow-
up period: p = 0.480; site of procedure: p = 0.205).

Based on the DEXA scan results, most of the patients had either 
osteopenia (helical blade: 79 out of 197 patients [40%]; lag screw: 57 
out of 106 patients [54%]) or osteoporosis (helical blade: 100 out of 197 
patients [51%]; lag screw: 44 out of 106 patients [42%]) for both groups. 
However, there were higher numbers of osteoporosis patients (51%) 
in the helical blade fixation group, with higher numbers of osteopenia 
patients (54%) in the lag screw fixation group. There was no statistically 
significant difference detected between these two groups (p = 0.053). 
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Both groups had higher proportions of patients with normal ALP levels 
(helical blade: 71%; lag screw: 71%), and there was no statistically sig-
nificant difference detected between these two groups (p = 0.252).

There were 31 out of 197 helical blade fixation cases (16%) and 23 
out of 106 lag screw fixation cases (22%) that developed complications 
(Table 1). A lower rate of implant cut-out and persistent hip pain was 
observed in the helical blade group when compared to the lag screw 
group (cut-out: 4% vs 8%; pain: 3% vs 6%). Overall, there was no sta-
tistically significant difference detected between these two groups (p 
= 0.128). When comparing post-operative complication rates with 
respect to patient bone quality (T-score and ALP levels), there were no 
statistically significant differences detected between these two groups 
(Table 2).

Table 1. Complications for each group.

Complications Helical blade
(n = 31)

Lag screw
(n = 23)

Implant cut-out 8 
(4%)

8
(8%)

Device migration without cutout 2
(1%)

1
(1%)

Femoral neck collapse 3
(2%)

1
(1%)

Periprosthetic fracture 7
(4%)

5
(5%)

Hardware failure (bent) 3
(2%)

2
(2%)

Infection 2
(1%) -

Persistent hip pain 6
(3%)

6
(6%)

Table 2. Post-operative complications evaluation results.

Variable Helical blade
(n = 31)

Lag screw
(n = 23) p value

Complication 
with T-Score    

Osteopenia
(-1 to -2.5) 14 (18%) 13 (23%) 0.301

Normal 
(> -1) 4 (18%) 2 (40%) 0.392

Osteoporosis 
(< -2.5) 13 (13%) 8 (18%) 0.284

Complication 
with ALP levels

Low 
(< 44 IU/L) - 1 (33%) 0.600

Normal
(44 – 147 IU/L) 24 (17%) 19 (25%) 0.106

High
(> 147 IU/L) 6 (18%) 1 (8%) 0.402

No data 1 (5%) 2 (13%) 0.396

When comparing implant survivorship with respect to T-score, 
the one-year survival rate for all four groups (osteoporotic, osteope-
nia, normal bone density, and all patients) between the helical blade 
design and lag screw design were similar (osteoporotic: 94% vs 92%, 
osteopenia: 89% vs 88%, normal: 76% vs 75%, and all patients: 90% vs 
89%; Figure 2A vs Figure 2B). The five-year survival rate calculated by 
the Kaplan-Meier survival analysis for the osteoporosis group and all 
patients group in the helical blade design had higher survival rates com-
pared to the lag screw design (osteoporotic: 77% vs 69%, all patients: 
72% vs 62%); the survival rates were similar for the osteopenia group 
and normal bone density group between the two cephalic screw designs 
(osteopenia: 61% vs 63%, normal: 72% vs 75%; Figure 2A vs Figure 2B).

Figure 2. Survival analysis of unstable intertrochanteric hip fractures utiliz-
ing cephalomedullary nails related to T-score: (A) helical blade, (B) sliding lag 
screw design.

When comparing implant survivorship with respect to ALP levels, 
this study showed that the implant survivorship rate at mean follow-up 
of one year for the low ALP level group, normal ALP level group, and 
all patients group were similar between the helical blade design and lag 
screw design (low ALP level: 100% vs 100%, normal: 87% vs 87%, and 
all patients: 90% vs 89%). The high ALP level group had different survi-
vorship rates between these two designs at mean follow-up of one year 
(94% [helical blade, Figure 3A] vs 100% [lag screw, Figure 3B]). The 
five-year survival rate for high ALP level group, normal ALP level group, 
and all patients group in the helical blade design had higher survival 
rates compared to the lag screw design (high ALP level: 73% [helical 
blade, Figure 3A] vs 67% [lag screw, Figure 3B], normal ALP level: 
70% [helical blade, Figure 3A] vs 64% [lag screw, Figure 3B], and all 
patients: 72% [helical blade, Figure 3A] vs 63% [lag screw, Figure 3B]).

Figure 3. Survival analysis of unstable intertrochanteric hip fractures utilizing 
cephalomedullary nails related to ALP levels: (A) helical blade, (B) sliding lag 
screw.



KANSAS JOURNAL of  M E D I C I N EWhen examining fracture reduction quality, most cases (n = 126) 
for the helical blade fixation group had good reduction quality, and 17 
of those cases (13%) developed complications. Fifty-five out of 197 
cases had acceptable reduction quality, and 11 of those cases (20%) 
developed complications. Sixteen out of 197 cases had poor reduction 
quality, and 3 (19%) of those cases developed complications (Table 3). 
In the lag screw fixation group, most cases (n = 68) had good reduction 
quality, and 10 (15%) of those cases developed complications. Ten out 
of 106 cases had poor reduction quality, and 4 (40%) of those cases 
developed complications (Table 4). Twenty-eight out of the 106 cases 
had acceptable fracture reduction, and 9 (32%) of those cases devel-
oped complications.

DISCUSSION
The primary aim of the present retrospective study was to examine 

the influence of bone quality on the complication rates and overall 
survivorship of intertrochanteric hip fractures treated with cephalo-
medullary nails using helical blades or lag screws for cephalic fixation. 
This study found a slightly lower complication rate in the helical blade 
group when compared to the lag screw group (16% vs 22%). Our 
data showed that lag screws and helical blades had equivalent perfor-
mance with respect to T-score or ALP levels at one-year survivorship. 
However, five-year survival rates calculated with respect to T-score or 
ALP levels showed the helical blade design had a higher survival rate 
compared to the lag screw design.

Helical blades have been advertised as having theoretic advantages 
over lag screw fixation in the femoral neck component of cephalomed-
ullary nails. They are designed to minimize bone loss during insertion 
and have greater rotational stability compared to lag screw fixation.23 
They also are theorized to have higher cutout resistance. However, the 
literature has been mixed regarding the veracity of these theories. A 
retrospective review by Chapman et al.22 found a higher rate of failure 
when helical blades were compared to screws. They noted that helical 
blade failures tended to include more medial migration of the blade as 
opposed to the traditional superior implant cut out. However, a pro-
spective randomized controlled study by Stern et al.16 did not observe 
a significant difference in complication or cutout rates between helical 
blades and screws. We suspect that the discrepancy between these 
studies is caused by the different lengths of follow up. Chapman et 
al.22 study had an average of 112 follow-up days (range: 94 - 125 days), 
whereas Stern et al.16 study had a one-year follow-up. Prior studies have 
reported the follow-up period between 0.7 months and 74 months.12-16,22 
We did not observe an overall difference in complication rates between 
the two groups, and both helical blade and lag screw performed equally 
well at one-year follow-up; however, this study did note a greater five-
year survivorship with helical blade design, especially for patients with 
osteoporosis. This suggests that helical blade implants may have a long-
term advantage for patients with poor bone density. The results of this 
study suggest that most patients with normal T-score (> -1.0) can suc-
cessfully be managed with either screw design, but those patients with 
true osteoporosis as diagnosed by DEXA scan may benefit from use 
of a helical blade design due to better implant survival in longer-term 
follow-up periods.
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The use of the helical blades not only showed improved five-year sur-
vivorship compared to lag screws, but it also should be noted that when 
examining the subgroup of fractures with a “poor” reduction quality 
rating, helical blades demonstrated a lower complication rate than lag 
screws. When looking only at fractures with poor fracture reduction, we 
noted a 19% (3 out of 16 patients) complication rate in the helical blade 
group (Table 3) compared to a 40% (4 out of 10 patients) complication 
rate in the lag screw group (Table 4). Poorly reduced fractures were the 
minority in both groups; therefore, these numbers are not sufficient to 
reach statistical significance. However, this trend may suggest that the 
integrity of the lag screw fixation is more dependent on fracture reduc-
tion quality than the helical blade.

Femoral head bone quality is critically important for the integrity of 
the head screw component of cephalomedullary nails. The lag screw 
benefits from high-density bone in the femoral head to provide a suf-
ficient gripping force.35-37 On the contrary, the helical blade is designed 
to have increased purchase in the femoral head of patients with poor 
bone density. Unfortunately, there is no perfect method for assessment 
of bone quality of the femoral head. BMD of the hip is not constant and 
declines in the elderly population by approximately 0.5% per year.38 
In patients with a hip fracture, the hip BMD declines one year after 
the fracture ranges from 2% to 7%.39,40 Karlsson et al.39 investigated 
changes of BMD in 47 femoral neck fractures, and they concluded that 
osteoporotic hip fracture cases lose bone mass at an increased rate 
in the fractured hip relative to the uninjured hip. There was a BMD 
difference of 20–29% after 4 months and 1–6% after 12 months. 
Furthermore, BMD values vary among diabetic patients and can be 
increased, decreased, or remain normal.41 

In patients with osteoporosis, the bone metabolism system is dis-
ordered, and the levels of bone metabolism markers such as ALP are 
abnormal. Biochemical markers of bone metabolism are affected by 
fractures, and total alkaline phosphatase (ALP) is considered one of the 
bone formation markers and has generally been considered a reliable 
indicator for evaluating bone structure and performance.42 ALP exists 
on the cell membrane surface of osteoblasts,43,44 which can inactivate 
the mineralization inhibitors pyrophosphate and osteopontin,45 thus 
playing an important role in osteoid formation and mineralization.

210
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Table 3. Bone quality, fracture reduction quality, and complications data in the helical blade design group.

T-
sc

or
e

ALP
All patients

Fracture reduction
Poor Acceptable Good

Cases
(n=197)

Cx
(n=31)

Cases
(n=16)

Cx
(n=3)

Cases
(n=55)

Cx
(n=11)

Cases
(n=126)

Cx
(n=17)

N
or

m
al

(>
 -1

.0
)

Low* - - - - - - 3 -
Normalβ 13 4 - - 8 3 5 1
Highδ 2 - - - 1 - 1 -
No data 3 - - - - - 3 -

O
st

eo
pe

ni
a

(-
1.0

 to
 -2

.5
) Low* - - - - - - - -

Normalβ 60 11 7 1 13 3 40 7
Highδ 9 2 2 1 2 1 5 -
No data 10 1 1 - 3 1 6 -

O
st

eo
po

ro
sis

(<
-2

.5
)

Low* 2 - - - 2 - - -
Normalβ 67 9 4 - 18 2 45 7
Highδ 23 4 1 1 7 1 15 2
No data 8 - 1 - 1 - 6 -

Note: Cx, Complications; *, ALP Level < 44 IU/L; β, ALP Level 44 – 147 IU/L; δ, ALP Level > 147 IU/L.
 
Table 4. Bone quality, fracture reduction quality, and complications data in the lag screw design group.

T-
sc

or
e

ALP
All patients

Fracture reduction
Poor Acceptable Good

Cases
(n=106)

Cx
(n=23)

Cases
(n=10)

Cx
(n=4)

Cases
(n=28)

Cx
(n=9)

Cases
(n=68)

Cx
(n=10)

N
or

m
al

(>
 -1

.0
)

Low* - - - - - - - -
Normalβ 3 1 1 - 1 1 1 -
Highδ 1 - 1 - - - - -
No data 1 1 1 1 - - - -

O
st

eo
pe

ni
a

(-
1.0

 to
 -2

.5
) Low* 2 1 1 1 - - 1 -

Normalβ 42 10 1 - 11 4 30 6
Highδ 5 1 1 - - - 4 1
No data 8 1 2 1 1 - 5 -

O
st

eo
po

ro
sis

(<
-2

.5
)

Low* 1 - - - - - 1 -
Normalβ 30 8 1 1 12 4 17 3
Highδ 6 - 1 - 3 - 2 -
No data 7 - - - - - 7 -

Note: Cx, Complications; *, ALP Level < 44 IU/L; β, ALP Level 44 – 147 IU/L; δ, ALP Level > 147 IU/L.
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Limitations. This study has certain limitations to recognize. First, 
a small sample size made it difficult to reach statistical significance on 
many variables. The low number of procedures included was unfortu-
nately unavoidable due to a high rate of loss of follow-up secondary to 
patient mortality. Second, this study was a retrospective chart review 
study which introduces the possibility of selection and/or observa-
tion bias, as it was neither randomized nor blinded. Third, the patients 
who received cephalomedullary nails used for intertrochanteric hip 
fractures may have undergone revision surgery outside our institution 
post-operatively, which would not have been registered in this study, 
and subsequently falsely decrease the number of post-operative fail-
ures and other complications recorded. Furthermore, the changes 
of BMD, ALP, and other indices before and after surgery in the two 
groups were not recorded. Further evaluation in a larger randomized 
controlled study would be required to support the findings of this study.

CONCLUSIONS
In conclusion, the overall findings of this study showed bone quality 

had no influence on the complication rates between the helical blades 
and lag screws in cephalomedullary nails used for intertrochanteric 
hip fractures. Similar complication rates were observed between these 
two constructs; however, the helical blade design had a higher five-year 
survival rate.
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