
Restoration of posteromedial cortical continuity is essen-
tial for successful surgical treatment of AO Foundation 
and Orthopaedic Trauma Association (AO/OTA) clas-
sification type 31-A2 pertrochanteric fractures.1) Studies 
have reported on the importance of posteromedial cortex 
in stability, and fractures with posteromedial cortical dam-

age are regarded as unstable pertrochanteric fractures.2) 
Either dynamic hip screws or nails are used according to 
the surgeon’s preference for posteromedial cortical defect. 
Numerous studies have described the difference in surgi-
cal outcomes between the two implants.3-5) Dynamic hip 
screws may cause over-sliding when posteromedial cortex 
is substantially damaged.6) To overcome this flaw, addi-
tional fixation methods can be applied to the posterome-
dial cortex.7,8) Compared to anatomical fixation, a slight 
valgus alignment can provide greater medial cortical sup-
port. Chang et al.9) have reported that among patients with 
AO/OTA type 31-A2 fractures, those with positive medial 
cortical support showed superior radiological and clinical 
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results after surgery. However, no study has reported the 
surgical outcomes of dynamic hip screws contingent upon 
medial cortical support. 

Our aim is to evaluate the radiological and clinical 
results of reduction using dynamic hip screws according to 
the grade of medial cortical support in patients with AO/
OTA type 31-A2 fractures. In the management of unstable 
fractures due to posteromedial wall injury, we hypoth-
esized that reduction with positive medial cortical support 
would enhance stability of the fractures and thus improve 
clinical outcomes.

METHODS

Study Population
Among patients who underwent surgery due to pertro-
chanteric fractures from January 1, 2010 through Decem-
ber 31, 2015, this retrospective study enrolled 100 patients 
with AO/OTA type 31-A2 fractures aged 60 or over who 
showed displaced lesser trochanteric fragments on the pre-
operative pelvis anteroposterior (AP) view and a cortical 
length of longer than 20 mm. This study was conducted 
after approval of the Institutional Review Board of Daegu 
Catholic University Medical Center (IRB No. CR17-138).

Among 354 patients who underwent surgery for 
pertrochanteric fractures between 2010 and 2015, 182 pa-
tients were classified as AO/OTA type 31-A2, with the cor-
tical area including the lesser trochanter over 20 mm. Of 
the 182 patients, 122 were followed up for at least 1 year. 
Of the 122 patients, 103 were able to provide appropriate 
radiological data allowing for detailed analysis. Among 
them, 100 patients, aged 60 years or over, were ultimately 
enrolled in this study (Fig. 1).

Twenty-eight of the 100 patients underwent fixation 
using wires for stabilizing the posteromedial fragments, 
whereas 74 underwent fixation using the trochanter sta-
bilizing plate (TSP) to prevent lateral wall damage. All 
patients showing lateral wall breakage on the preoperative 
radiograph were classified as AO/OTA type 31-A3 and 
were excluded from this study. After evaluation of the re-
duction status shown in C-arm fluoroscopy, we assigned 
patients with positive medial cortical support to group 1, 
patients with neutral medial cortical support to group 2, 
and patients with negative medial cortical support where 
the proximal medial cortex is formed more laterally than 
the distal medial cortex to group 3 (Fig. 2). Between the 
groups, there were no significant differences in age, sex, 
body mass index, follow-up duration, the pretrauma walk-
ing ability score of Ceder, and bone mineral density (BMD) 
of the opposite femoral neck assessed within 3 postopera-
tive months (Table 1).

Surgical Techniques
All surgeries were performed by a single surgeon (MRC). 
For fixation, 129° antihypersliding dynamic hip screws 
(Break Top System Compression Hip Screw; Solco, Py-
eongtaek, Korea) and 135° dynamic hip screws (4CIS CHS 
System, Solco) were used. Under the guidance of C-arm 
fluoroscopy, lag screws were inserted and placed at the 
center of the femoral head, if possible, or were inserted on 
the posteroinferior side of the femoral head. Due to pos-
teromedial damage in the pertrochanteric area, we tried 
to achieve anatomic reduction of the anteromedial cortex, 
the area where displacement was rather minimal.10) Dur-
ing surgery, we tried to compress the fracture site as much 
as possible using compression screws. Depending on the 
pre- or intraoperative decisions of the surgeon, wires or 
TSP were used.

Radiological Evaluation
Radiological evaluation was performed by two residents 
(JSD and JHL). The length of the posteromedial cortex, 
including the displaced lesser trochanter, was measured 
using the preoperative pelvis AP view (Fig. 3). Changes 
in the neck-shaft angle and the degree of lag screw sliding 
were evaluated using pelvis AP views. Radiographic errors 
were corrected by means of the error correction method 
of Doppelt.11) The degree of lag screw sliding was defined 
as the difference in the shortest distance from the end of 
the lag screw to the barrel between simple radiographs 
taken immediately after surgery and at the follow-up ses-
sion during 1 to 3 years after surgery. A sliding of 15 mm 
or more was regarded as radiological failure and recorded 

354 Pertrochanteric fractures
from 2010 to 2015

Inclusion
AO/OTA 31-A2 fracture with DHS fixation
Exclusion
AO/OTA 31-A1 and 31-A3
AO/OTA 31-A2 with < 20 mm LT fragment
Less than 1-year follow-up

100 Total enrolled

Fig. 1. Flowchart of patient selection. AO/OTA: AO Foundation and 
Orthopaedic Trauma Association classification, DHS: dynamic hip screw, 
LT: lesser trochanter.
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as 15 mm sliding. The position of the lag screw within the 
femoral head shown on the postoperative radiograph was 
evaluated by means of the method by Kyle et al.12) The tip-
apex distance, the sum of the values of the distance from 
the top of the femoral head to the end of the lag screw 
measured on AP and lateral views, was used to measure 
the depth of the inserted lag screw. BMD scans performed 
within the postoperative 3 months were also evaluated.

Clinical Evaluation
The gait of the patient was evaluated using the walking 
ability score suggested by Ceder et al.13) before trauma and 
at the follow-up session during 1 to 3 years after surgery.

Statistical Analysis
A post-hoc test was performed for statistical analysis of 
the three groups divided by the grade of medial cortical 
support. The Bonferroni test was performed for inter-
group evaluation of two groups among three groups. The 
Mann-Whitney test was also performed for evaluation of 
the radiological and clinical results of medal fixation and 
the use of TSP. A p-value ≤ 0.05 was considered to indicate 
statistical significance.

RESULTS

The intraclass correlation coefficients for radiological mea-
surement were all above 0.8 (Table 2). The average length 
of the posteromedial cortex, including the displaced lesser 

A B C

Fig. 2. (A) Reduction with positive medial cortical support. (B) Reduction with neutral medial cortical support. (C) Reduction with negative medial cortical 
support.

Table 1. Patient Characteristics

Variable Positive (n = 28) Neutral (n = 42) Negative (n = 30) Total (n = 100)

Age (yr) 77.57 ± 7.55 73.38 ± 7.29 77.53 ± 8.34 75.80 ± 7.89

Sex (male:female)  5:23  9:33  6:24 20:80

Follow-up duration (mo) 22.21 ± 9.95 22.22 ± 9.73 23.36 ± 9.85 22.57 ± 9.83

Body mass index (kg/m2) 23.28 ± 3.23  22 ± 3.37 21.83 ± 3.33 22.32 ± 3.33

Bone mineral density (T-score) –2.43 ± 0.79 –2.30 ± 0.75 –2.47 ± 0.75 –2.40 ± 0.76

Pretrauma walking ability of Ceder  6.45 ± 0.35  6.46 ± 0.36  6.43 ± 0.36  6.45 ± 0.34

Values are presented as mean ± standard deviation.
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trochanter, was 44.92 ± 13.53 mm on pelvis AP views. 
The BMD of the opposite femoral neck measured within 
3 postoperative months showed a T-score of –2.40 ± 0.76. 
The average neck-shaft angle was 132.35° ± 4.92° at the 
initial postoperative measurement, and it was 127.22° ± 
6.06° at the follow-up session during 1 to 3 years after sur-

gery, showing a varus change of 5.13° ± 2.92° and the aver-
age lag screw sliding was 8.81 ± 4.41 mm. All 100 patients 
showed a tip-apex distance of less than 25 mm on the 
postoperative radiographs. Lag screws were located at the 
center in most cases; there was no case with the lag screw 
located superiorly. There were no significant differences in 
the neck-shaft angle and the lag screw sliding contingent 
upon the use of TSP or wire fixation of the posteromedial 
cortex (Table 3). After evaluation of the intraoperative 
reduction status using C-arm fluoroscopy, patients with 
positive medial cortical support were assigned to group 
1, patients with neutral medial cortical support were as-
signed to group 2, and patients with negative medial corti-
cal support where the proximal medial cortex is formed 
more laterally than the distal medial cortex, were assigned 
to group 3. The difference in the neck-shaft angle and lag 
screw sliding distance showed statistical significance (Table 
4). Group 1 showed significantly less changes in the neck-

Fig. 3. The length of the posteromedial cortex (arrow), including the 
displaced lesser trochanter, measured on the preoperative pelvis 
anteroposterior view was ≥ 20 mm for inclusion in the study.

Table 2.  Intra- and Interobserver Reliability of Radiographic 
Evaluation

Reliability Change in the  
neck-shaft angle

Degree of lag 
screw sliding

Intraobserver reliability 0.87 0.88

Interobserver reliability 0.84 0.86

Table 4. Radiological Results According to Grade of Medial Cortical Support

Variable Difference of femoral 
neck-shaft angle (°)

p-value for 
positive

p-value for
neutral

Sliding distance 
(mm)

p-value for 
positive

p-value for
neutral

Positive 3.33 ± 2.11 1 0.02  5.82 ± 4.18 1 0.00

Neutral 5.10 ± 2.80 0.02 1  8.77 ± 4.08 0.00 1

Negative 6.83 ± 2.79 0.00 0.02 11.65 ± 3.56 0.00 0.00

Values are presented as mean ± standard deviation.

Table 3. Radiological Results According to the Method of Additional Fixation (Wire/TSP)

Variable Difference of femoral neck-
shaft angle (°) p-value Sliding difference (mm) p-value

Fragment fixation with wire (n = 28) 5.16 ± 2.46 0.62 8.56 ± 4.25 0.67

No use of wire for fragment fixation (n = 72) 5.11 ± 3.10 8.90 ± 4.63

TSP (n = 74) 5.23 ± 3.00 0.55 8.80 ± 4.30 0.96

No use of TSP (n = 26) 4.82 ± 2.73 8.83 ± 5.14

Values are presented as mean ± standard deviation.
TSP: trochanter stabilizing plate.
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shaft angle and shorter lag screw sliding distance than 
groups 2 and 3. Group 2 showed significantly less changes 
in the neck-shaft angle and shorter lag screw sliding dis-
tance than group 3. Among the 42 patients in group 2, 14 
patients underwent additional posteromedial fixation, and 
28 patients did not. Patients with additional posteromedial 
fixation showed significantly lower lag screw sliding (p 
= 0.02). The average walking ability score at the follow-
up session during 1 to 3 years after surgery was 5.71 ± 
1.40. Walking ability scores showed significant difference 
between the three groups (p = 0.00) (Table 5). The mean 
walking ability score of group 1 was significantly higher 
than group 3 (p = 0.00). There was no significant differ-
ence between groups 2 and 3. 

DISCUSSION

In unstable pertrochanteric fractures, dynamic hip screws 
increase stability of the fracture site through sliding of the 
proximal fragment and impaction of the fracture site and 
thus induce bone union. Due to the impaction of the prox-
imal fragment, the moment arm decreases, and in turn, 
the weight bearing stress decreases, improving stability of 
the fracture site.14,15) However, due to excessive sliding of 
the lag screw, complications might occur including non-
union, malunion, perforation of the femoral head, fixation 
failure, leg shortening, and breakage of the fixture.6,16)

Such complications are more common in unstable 
fractures. Thus, stability assessment of a pertrochanteric 
fracture plays a crucial role in determining prognosis and 
surgical techniques. In our study, we considered fractures 
with a posteromedial cortical length of 20 mm or over as 
unstable AO/OTA type 31-A2 fractures and included for 
analysis in this study.

Several studies have already considered the sliding 
distance of the lag screw as the indicator of stability in 
pertrochanteric fractures, and have reported the values of 
lag screw sliding after the treatment of unstable pertro-

chanteric fractures. Jacobs et al.17) reported the average lag 
screw sliding was 5.3 mm in stable fractures and 15.7 mm 
in unstable fractures. Larsson et al.18) reported the value 
was 6.3 mm in stable fractures and 12.4 mm in unstable 
fractures. Steinberg et al.19) reported that lag screw sliding 
of 15 mm or over results in the increase in failure rates. 
Kim et al.20) observed leg shortening and femoral pain in 
patients with lag screw sliding of 20 mm or over. In our 
study, we defined sliding of 15 mm or more as radiologi-
cal failure, and such cases were recorded as 15 mm slid-
ing. Among 17 patients that showed a sliding of 15 mm, 
two patients of 28 were in group 1, nine patients of 42 in 
group 2, and six patients of 30 in group 3. In other words, 
patients with positive medial cortical support showed a 
lower failure rate. All patients enrolled in this study were 
patients with unstable pertrochanteric fractures, and the 
average lag screw sliding distance was 8.81 ± 4.41 mm, 
which is a rather smaller value than that in previous stud-
ies. In particular, patients with positive medial cortical 
support showed an average lag screw sliding distance of 
5.82 ± 4.18 mm, which may indicate that positive medial 
cortical reduction contributes to increased stability in per-
trochanteric fractures.

During the management of pertrochanteric frac-
tures using dynamic hip screws, compression on the frac-
ture site occurs in two situations. Firstly, compression is 
applied to the bone fragments during operation to provide 
stability to the fracture site. In this study, 30 of 100 patients 
(30%) had negative medial cortical support. Although we 
aimed to achieve anatomic reduction during surgery, due 
to the posteromedial cortical bone defect, fractures were 
unstable, and thus much more pressure was applied to the 
fracture site. The percentage of patients with negative me-
dial cortical support, which was 30, is thought to be attrib-
utable to the excessive compression to the axial plane of 
the lag screw. Secondly, compression also occurs due to the 
patient’s body weight. In order to prevent this, when us-
ing dynamic hip screws, surgeons use various techniques 
such as additional fixation to the posteromedial portion or 
TSP.8,21) In our study, with a single technique, the positive 
medial cortical support group (group 1) showed statisti-
cally significant superiority in radiographic evaluation, 
compared with the other groups. Additional fixation to the 
posteromedial portion and TSP resulted in no significant 
difference. We think reduction with positive medial corti-
cal support would prevent undesirable sliding, playing a 
role as a cortical block. 

The goal in the treatment of pertrochanteric frac-
tures is to restore ambulatory function. Ingemarsson et 
al.22) have reported that recovery of the gait must be evalu-

Table 5. Postoperative Walking Ability Score According to Grade of 
Medial Cortical Support

Variable Follow-up walking 
ability score

p-value for 
positive

p-value for 
neutral

Positive 6.18 ± 1.33 1 0.64

Neutral 5.76 ± 1.39 0.64 1

Negative 5.20 ± 1.37 0.02 0.26

Values are presented as mean ± standard deviation.
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ated after at least a year after surgery. Accordingly, we 
evaluated the degree of gait at the follow-up session during 
1 to 3 years after surgery. 

This study has several limitations. Firstly, it was 
conducted retrospectively. Secondly, due to the low follow-
up rate of the patients, selection bias might have occurred. 
Thirdly, the follow-up period was between 1 and 3 years 
after surgery, which only reflects short-term postopera-
tive results. However, considering the advanced age of 
the patients (over 60 years) and the high 1-year mortality 

rate of pertrochanteric fractures, longer follow-up results 
could be difficult to obtain. When treating pertrochanteric 
fractures accompanied by posteromedial wall defect using 
dynamic hip screw, negative cortical support should be 
avoided.
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