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Occurrence and clinical outcome of lateral wall 
fractures in proximal femoral fractures whose 
fracture line runs from femoral basal neck to 
subtrochanteric area
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Abstract 
Treatment methods for proximal femoral fractures, when the fractures run from the femoral basal neck to the subtrochanteric 
area, have not yet been fully reported. Thus, we aimed to clarify osteosynthesis methods based on the fracture frequency and 
clinical results. We classified the proximal femoral fractures using the Area classification method based on the location (area) of 
the fracture line. The proximal femur has 4 areas with 3 boundaries; the center of the femoral neck, the boundary between femoral 
neck and trochanter, and the plane connecting the lower ends of the greater trochanter and the lesser trochanter. Fractures 
occurring only in Area-1 (proximal from the center of the femoral neck) were classified as Type 1; those in both Areas 1 and 2 (base 
of the femoral neck) were classified as Type 1-2. Therefore, fractures running from femoral basal neck to the subtrochanteric area 
were classified as Type 2-3-4. We targeted 60 Type 2-3-4 cases (average age 81 years, 10 men, 50 women) out of 1042 proximal 
femoral fracture cases who visited 8 hospitals in 2 years. We investigated the presence or absence of lateral trochanteric wall 
fractures, the selection of internal fixator, and the proportion of poor results. The lateral trochanteric wall fracture was observed in 
48% of subjects. Long nails were selected to treat 46% cases, and nails with 2 or 3 proximal lag screws were used in 58% cases. 
Long nails and those with 2 or 3 lag screws were also used in 59% and 69% of lateral trochanteric wall fractures. Poor results such 
as cutout or excessive telescoping of lag screw occurred in 11.7% of cases and 17.2% of lateral trochanteric wall fractures. Even 
in cases where long nails and multiple lag screws were used for femoral trochanteric fractures whose fracture line ran from the 
femoral basal neck to subtrochanteric area were used, the failure rate was high in the presence of a lateral wall fracture. Therefore, 
it is necessary to consider careful post-operative treatment for proximal femoral fractures with lateral wall fracture, whose fracture 
line runs from femoral basal neck to subtrochanteric area.

Abbreviation: PFF = proximal femoral fractures.
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1. Introduction

Proximal femoral fractures (PFF) are the most common trauma 
in the elderly, and the occurrence of PFF is increasing with an 
aging population.[1] Almost all patients with PFF undergo surgery 
to recover as soon as possible. Surgeries for PFF include osteo-
synthesis and total hip replacement (femoral head replacement). 
Among the PFF, the femoral trochanteric fracture is a fracture of 
the site where the stem of total hip arthroplasty will be placed, 
and it is not easy to achieve the stability of the stem. Therefore, 
osteosynthesis is performed in almost all cases of femoral tro-
chanteric fractures.[2,3] In some cases, issues like re-displacement, 
pseudarthrosis, and implant cutout occur post-surgery, necessi-
tating another surgery impairing the patient’s quality of life.[4–9]

To reduce the possibility of the above-mentioned post-op-
erative failure, it is necessary to select an appropriate osteo-
synthesis implant according to the type of fracture. To achieve 
this, various classifications of PFF have been developed. For 
example, there is a classification with 3-dimensional computed 
tomography based on the number of bone-fragments,[10] or 
AO/OTA classification, which includes femoral neck fractures, 
femoral basicervical fractures, and femoral trochanteric frac-
tures.[11] However, none of these methods classify fractures 
based on fracture lines extending into multiple areas of the 
bone. Fractures that extend over a wide range are dangerous 
and likely to cause cutout of the implants, re-displacement, 
or pseudarthrosis. Area classification has been proposed as a 
comprehensive classification method to detect such dangerous 
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fractures.[12] It also has higher inter-examiner reliability than 
other classification methods.[12]

In Area classification, the proximal femur is divided into 4 
areas by 3 boundaries, and the PFF are classified based on which 
of these 4 areas have the fracture line. The 3 boundaries are the 
center of the femoral neck, the boundary between the femoral 
neck and trochanter, and the plane connecting the lower ends 
of the greater and the lesser trochanter. When there is a fracture 
line in Area-1 (proximal area above the center of the femoral 
neck), it is classified as Type 1, and when there is a fracture 
line in both Area-1 and Area-2 (distal area under the center of 
the femoral neck), it is classified as Type 1-2. Therefore, PFF in 
which the fracture line runs from the femoral basal neck to the 
subtrochanteric area are classified as Type 2-3-4.

Type 2-3-4 fractures are classified as trochanteric fractures 
in general; however, it is extremely unstable because the frac-
ture line extends to the femoral neck and subtrochanteric area, 
making it difficult to treat with osteosynthesis, even if they 
can be properly reductioned. Moreover, it has been reported 
recently that lateral trochanteric wall fractures greatly affect 
the treatment results for highly unstable trochanteric fractures 
(Fig. 1).[13,14] However, little research has been done on the fre-
quency of lateral wall fractures present in femoral trochan-
teric fractures with widespread fracture lines or on how often 
post-operative failures occur in such fractures. Moreover, little 
is known regarding the kind of implant selection necessary to 
prevent such post-operative failures.

Therefore, in this study, we focused on cases classified as Area 
classification Type 2-3-4. We investigated the clinical outcomes 
of this fracture, the frequency of lateral trochanteric wall frac-
tures, the relationship between the lateral wall fractures and 
clinical results, and the relationship between osteosynthesis 
implant selection and clinical outcomes.

2. Materials and Methods
This study included data from 1042 patients with PFF who vis-
ited 8 general hospitals between January 2014 and December 
2015. Based on their preoperative X-ray and computed tomog-
raphy, including 3-dimensional computed tomography, the 
orthopedic surgeon at each hospital classified the PFF accord-
ing to the Area Classification method.[12,15] Because of proven 
high inter-rater reliability, the Area classification for each case 

was not done by multiple orthopedic surgeons.[12] Incomplete 
proximal femur fractures that can only be detected by mag-
netic resonance imaging were excluded from this study, and 
only cases diagnosed by X-ray and computed tomography 
were analyzed. Cases of possible pathological fractures due 
to tumors were excluded, however, cases of multiple trauma 
or high-energy trauma cases due to traffic accidents were not 
excluded.

Overall, 60 cases (average 81 years: 43–96 years, 10 males 
and 50 females) were classified as Type 2-3-4 and evaluated in 
this study. We also investigated the presence or absence of lateral 
trochanteric wall fractures[13,14] and the internal fixator selection 
for treating these cases.

Patients with cutout or telescoping more than 10 mm of a 
lag screw and those with nonunion and infection were included 
in the Failure group. We further investigated the relationship 
between the proportion of the Failure group (Failure rate) and 
the presence of lateral trochanteric wall fractures or the differ-
ences of internal fixators.

Approval for this study was granted by the institutional 
review board of our university (IRB No. 2598), and subjects 
gave their informed consent to participate.

3. Results
All Type 2-3-4 cases were treated with osteosynthesis. 41 of 60 
Type 2-3-4 fracture cases (68%) had large posterolateral frag-
ments (Fig. 2), and 29 of 60 cases (48%) had fracture lines on 
the proximal lateral trochanteric wall (lateral trochanteric wall 
fractures) (Fig. 1).[13,14]

There were 25 cases treated with short femoral nails, of 
which 10 cases underwent osteosynthesis with single lag 
screws (Gamma3 Locking Nail System, Stryker, MI) and 15 
underwent osteosynthesis with double lag screws (IPT Nail 
System, HOMS, Nagano Japan) (Table  1). There were 28 
cases treated with middle or long femoral nails; of these, 
8 cases underwent osteosynthesis with a single lag screw 
(Gamma3 Long Nail System, Stryker, MI) and 20 cases under-
went osteosynthesis with double lag screws (IPT middle Nail 
System, HOMS, Nagano Japan) (Table 2). There were 7 cases 
treated with compression hip screws; 4 of which underwent 
treatment with compression hip screws combined with a tro-
chanter plate.

Figure 1. Area classification, Type 2-3-4 femoral trochanteric fracture. (a) No lateral trochanteric wall fracture. (b) A lateral trochanteric wall fracture is present.
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Overall, 46% of Type 2-3-4 cases were treated with middle or 
long nails, and 58% were treated with double lag screws.

Middle or long nails and double lag screws were used sig-
nificantly more often for osteosynthesis in patients with lateral 
trochanteric wall fractures than in those without (P = .04 for 
both; chi-square test) (Tables 3 and 4). In other words, middle 
or long nails and double lag screws tended to be used for Type 
2-3-4 and lateral trochanteric wall fractures.

There were no cases in which the lag screw was cutout. 
However, in the 10 cases that underwent osteosynthesis by 
short femoral nail with a single lag screw, the lag screws in 2 
cases were telescoped 10 mm or more. On the other hand, in 
the 15 cases that underwent osteosynthesis by short femoral 
nail with a double lag screw, the lag screws of only 1 case tele-
scoped excessively. Of the 28 patients who underwent osteo-
synthesis with middle or long nails, the lag screw telescoped in 
only 2 cases.

Additionally, 1 case of prolonged healing occurred among 
patients who had osteosynthesis by CHS with plate, and 1 case 
of infection occurred in patients who underwent osteosynthesis 
with middle nails. As a result, the failure rate was 11.7% (7 of 
60 cases).

When limited to those cases with lateral trochanteric wall 
fractures, there were 4 cases with 10 mm or more lag screw 

telescoping and 1 case with prolonged healing. Thus, the fail-
ure rate of cases with lateral trochanteric wall fractures was 
17.2%.

Cases with lateral trochanteric wall fractures tended to have 
higher failure rates than those without because lateral trochan-
teric wall fractures were fixed with longer nails and a larger 
number of lag screws; however, the difference was not statisti-
cally significant (P = .19, chi-square test) (Table 5).

4. Discussion
Of the PFF that account for bedridden elderly, the trochanteric 
fractures are treated with osteosynthesis. Among such trochan-
teric fractures, a few fractures extend to the femoral neck or 
subtrochanteric area. Such fractures are extremely unstable and 
are difficult to treat with osteosynthesis.

Fractures such as those described above are classified as Type 
2-3-4 in Area classification. In this study, we found about half of 
such fractures involving the lateral trochanteric wall. No reports 
in the past have addressed the frequency of occurrence of the 
lateral trochanteric wall fractures.

We found a 10% failure rate of all Type 2-3-4 fractures and 
a 20% failure when the analysis was limited to lateral trochan-
teric wall fracture. In other words, excessive telescoping of the 
lag screw or prolonged healing was observed in more than 15% 
of those cases.

For nearly all trochanteric fractures, early recovery to gait 
can be obtained by performing osteosynthesis with a short 
femoral nail immediately after the injury. However, this study’s 
results revealed that trochanteric fractures, where the fracture 
line runs from femoral basal neck to subtrochanteric area, and 
those fractures involving the lateral trochanteric wall should be 
treated fairly carefully.

In cases with fractures of the lateral trochanteric wall, sagittal 
swing motion is likely to occur, leading to failure. However, the 
sagittal swing motion can be minimized using middle or long 
nails.[16,17] In this study, middle or long nails were significantly 
more frequently used in cases with lateral trochanteric wall frac-
tures, and good results were obtained.

The presence of large posterolateral bone fragments has 
been reported to increase rotational instability.[18] In this 
study, osteosynthesis implants with multiple lag screws were 
significantly more frequently used in cases with lateral tro-
chanteric wall fractures. However, there were cases in which 
short nails were selected, or single lag screws were used 
because the fracture line’s extent was not carefully confirmed 
or the importance of lateral trochanteric wall fractures was 
not recognized. If the experienced surgeon judges it to be an 
unstable fracture, a strong fixation using the middle or long 
nails or multiple lag screws is selected. However, if it is not 
recognized as an unstable fracture, strong fixation will not be 
made. Then, the complications that could have been avoided 
will occur.

Area classification can evaluate the unstable fractures with 
fracture lines straddling the conventional classification range, 
which has not been classified by the conventional classifica-
tion. It is necessary to confirm to what area the fracture line 
extends by trying to classify PFF by Area classification. As a 
result, the possibility of overlooking the extent of the frac-
ture line is reduced, and ideal implant selection for suitable 
osteosynthesis for the fracture becomes possible. In Type 

Figure 2. Type 2-3-4 fractures with large posterolateral fragments, appearing 
like a banana.

Table 1

Number of lag screws in cases treated with short femoral nails.

Single lag screw 10 cases 2 cases without lateral wall fracture 

Double lag screw 15 cases 6 cases with lateral wall fracture
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2-3-4 fracture, the lateral trochanteric wall fractures existed 
in nearly half of the cases; thus, the use of middle or long nails 
that can use multiple lag screws should be selected for PFF in 
which fracture line runs from the femoral basal neck to sub-
trochanteric area.

However, excessive lag screw telescoping or delayed unions 
occurred despite the use of middle or long nails with multiple 
lag screws, in some cases of Type 2-3-4 fractures. Therefore, it 
is necessary to consider careful post-operative treatment such as 
lengthening the unloading period or combined use of adjuvant 
therapy such as parathyroid hormone and low-intensity pulsed 
ultrasound for Type 2-3-4 fractures.[19]

A limitation of this study is that we could not examine the 
clinical outcome when the treatment methods were decided 
based on Area classification. In this study, the clinical outcome 
was investigated when the treatment method was selected at the 
surgeon’s discretion before the Area classification was created. 
Nevertheless, because there was a difference in the selection of 
the internal fixator depending on the presence or absence of 
lateral trochanteric wall fractures, the selection criteria of the 
internal fixator were clarified by paying attention to the lateral 
trochanteric wall fractures.

Another limitation of this study is that it did not include 
data on the success or failure of the reduction. However, the 
selection of implant is important regardless of the quality of 
the surgery, such as the degree of reduction. This is because no 
matter how perfect the reduction is, if the implant is inadequate, 
the reducted position cannot be maintained. In addition, each 
orthopedic surgeon has the skill to always aim for and achieve 
adequate reduction.

In the future, we will perform multivariate analyses of fac-
tors that affect clinical outcomes after using treatment methods 

based on Area classification, and the results obtained will lead 
to risk management that is more tailored to the fracture condi-
tion. The results of this study are the first step towards leading 
to the above-mentioned research and towards developing a 
more appropriate treatment for trochanteric femur fractures.

5. Conclusion
This study the first revealed the frequency of occurrence of the 
lateral trochanteric wall fractures in PFF whose fracture line 
runs from femoral basal neck to subtrochanteric area. Long 
nails and multiple lag screws should be used for such PFF; how-
ever, the failure rate was high in the presence of a lateral wall 
fracture. Therefore, it is necessary to consider careful post-op-
erative treatment for such PFF with lateral wall fracture, whose 
fracture line runs from femoral basal neck to subtrochanteric 
area.
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Relationship between the presence or absence of lateral trochanteric wall fracture and the length of the nail (P = .04 chi-square test).

 Short nail Middle or long nail 

With lateral wall fracture 8 17
Without lateral wall fracture 17 11

Table 4

Relationship between the presence or absence of lateral trochanteric wall fracture and the number of lag screws (P = .04 chi-square 
test).

 Single lag screw Double lag screw 
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Relationship between the presence or absence of lateral trochanteric wall fracture and the failure rate (P = .19 chi-square test).
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Table 2

Number of lag screws in cases treated with middle or long femoral nails.
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Double lag screw 20 cas-
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14 cases with lateral wall fracture
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