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Purpose: Good results of the cephalomedullary nails have been reported in proximal femoral fractures recently.
Based on length of nails and shape of screws fixed in a femoral head for proximal fragment fixation, the proper
nail length was in dispute. The purpose of this study was to evaluate the clinical and radiological results of a long
cephalomedullary hip nail for the treatment of comminuted subtrochanteric femoral fractures.
Materials and Methods: Twenty-one consecutive patients with severe subtrochanteric femoral fractures who had
undergone intramedullary fixation using long-PFNA II between March 2010 and March 2013 were followed-up
for over 12 months. Their mean age was 64.8 years old (range, 43-85 years). Sixteen of 22 cases were high
energy trauma. According to Seinsheimer’s classification, 5 cases were type IV and 16 cases were type V. For
radiological assessment, time to union, change of neck-shaft angle, sliding length, tip-apex distance (TAD) and
leg length discrepancy (LLD) were measured. For clinical evaluation, a modified Koval index was investigated.
Results: Mean operation time was 96 minutes. An average decrease of neck-shaft angle was 4.5。. The average
sliding length of the helical blade was 4.2 mm. Average LLD was 3.0 mm, and TAD was 23.0 mm. Mean
modified Koval index score at final follow-up was 4.6 points. All the 21 subtrochanteric fractures healed
uneventfully on an average of 24.2 weeks (range, 18-30 weeks).
Conclusion: Long cephalomedullary hip nail provides excellent clinical and radiological outcomes in the
comminuted subtrochanteric fracture.
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INTRODUCTION

Subtrochanteric femoral fractures are commonly caused
by high-energy injuries in young patients, low-energy
injuries in osteoporotic patients1), and rarely low-energy
injuries in long-term bisphosphonate users.

Severe comminuted subtrochanteric fractures have many
post-operative complications such as malunions, nonunions,
and metal failures related to biomechanical characteristics.
Subtrochanteric fractures happen from more stress force
on the medial cortex and tensile force on the lateral cortex
and have a relatively high ratio of cortical bone to cancellous
bone, which has relatively less blood supply2-5).

Good results of the cephalo-medullary nails have been
reported in proximal femoral fractures recently1,6-9). Based
on the length of nails and shape of screws fixed in a femoral
head for proximal fragment fixation, various designs of
the implant were used7,9,10). There are many excellent clinical
and radiological results of proximal femoral nail anti-rotation
in the treatment of intertrochanteric femoral fractures which
uses helical blade type screws11-13). A long intramedullary
(IM) nail has a biomechanical advantage over short IM
nail theoretically. It has a longer working length than the
short IM nail, and it can protect the remnants of the femur
shaft below the fracture site14-16). Up to now, we have some
reports of subtrochanteric fractures including simple and
complex type. However, there was no investigation of long
IM nail focused in the severe comminuted subtrochanteric
fractures (Seinsheimer’s classification type IV or V).

MATERIALS AND METHODS

Between March 2010 and March 2013, 21 patients with
subtrochanteric femoral fractures were treated by long
proximal femoral nail antirotation II (PFNA II; DePuy
Synthes, Billerica, MA, USA). According to Seinsheimer’s
classification, five patients were type IV and 16 patients
were type V. Ten cases were AO classification 32C1.1, 6
cases were 32C2.1 and 5 cases were 32C3.117). A senior
surgeon did all operations. The study subjects consisted
of 13 men and eight women with an average age of 64.8
years (range, 43-85 years). The follow-up period was 30.9
(12-50) months. Of the causes of injury, 11 were of a traffic
accident (52.4%), 5 were a fall from a height more than
3 m (23.8%), and 5 cases were of a simple fall (23.8%). The
study was approved by Konyang University Hospital’s
institutional review board.

1. Operation Techniques

All patients were placed supine position on the fracture
table during the operation. Patients had about an 8-cm skin
incision proximally from the apex of greater trochanter of
the femur and a guide pin inserted from the trochanteric
apex, passing through the fracture site. The proximal reamer
was then used before inserting the nail into the medullary
space. Additional reaming was done in patients with small
isthmic diameters of the IM canal less than that of IM
nail to insert nail as long as possible. A 340 mm-length nail
was used in 18 cases, and a 380-mm nail was used in 3
cases. All patients had a helical blade screw and two distal
interlocking screws were used for firm fixation (Fig. 1).

FFiigg..  11.. Plain radiographs of comminuted subtrochanteric fracture of a 53-year-old male patient. (AA) Preoperative radiograph.
(BB) Immediate postoperative radiograph. (CC) Post-operative 8 months follow-up radiograph.
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In 10 cases, we could get sufficient reduction with closed
methods. But in 11 cases a minimal semi-open reduction
technique18). In case of semi-open reduction, we made a
3 cm lateral incision at the level of the lesser trochanter
about 1-2 cm posterior to the longitudinal axis of the femur.
The tip of the Hohman retractor was placed at the distal
fragment which was displaced to anterior and we elevated
the handle of the retractor toward the anterior aspect of the
thigh using a curved tip placed at the lesser trochanter as
a fulcrum. To maintain the reduction bone clamp was applied.
In 4 of 11 cases, we used the Dall-Miles cable (Stryker,
Kalamanzoo, MI, USA) for maintaining the reduction.

2. Evaluation

Clinical and radiographic results were assessed for
bridging callus and outcome measures were applied at a
final follow-up of a minimum of 1 year. Radiological union
was defined as the presence of a bridging callus in three
cortices and were analyzed in the follow-up radiographs19).
For evaluation of reduction state, the degree of neck-shaft
angle was measured on immediate postoperative and last
follow-up radiographs20). The sliding length of helical blade
screw was measured for the amount of collapse of the

fracture site21). To confirm the position of helical blade
screw in the femoral head, tip-apex distance (TAD) was
calculated22). Evaluation of leg length discrepancy (LLD)
was calculated by comparing the length of contralateral
uninjured femur and length of fractured femur shaft last
follow-up radiographs. For clinical evaluation, modified
Koval index was assessed at pre-operation, and last
follow-up23).

RESULTS

The individual demographic data of all patients are
presented in Table 1.

All of the fractures healed at union time of 24.2±3.8
weeks (range, 18-30 weeks). The decrease in neck-shaft
angle was 4.5。±3.5。(range, 0.4。-9.5。). The sliding length
of helical blade screw was 4.2±3.3 mm (range, 0.3-11.7
mm). LLD was 3.0±1.8 mm (range, 0-7 mm). Mean TAD
was 23.0±9.1 mm (range, 11.7-44.4 mm) and TAD above
25.0 mm was measured in 7 cases (33.3%) (Table 2). There
was no cut-through or cut out of the helical blade screw
or metal failure. However, in the 2 cases who experienced
prolonged discomfort and pain at the trochanteric area
were induced by excessive sliding or protrusion of helical

Table 1. Demographic Data

No. Age (yr) Sex Operation time (min) Follow up time (mo) Time to union (wk) Fracture side Type*

01 47 M 090 16 22 R V
02 85 F 080 12 22 L V
03 59 M 130 13 23 L V
04 61 F 120 15 23 L V
05 43 M 055 18 23 L V
06 82 F 075 28 28 R V
07 64 F 085 31 30 R V
08 73 M 065 38 30 L V
09 83 M 070 48 24 R V
10 83 F 135 46 23 R VI
11 64 M 105 48 30 R V
12 47 F 065 49 25 L VI
13 54 M 120 50 24 L V
14 67 M 125 37 28 L V
15 75 F 080 26 18 R VI
16 51 M 130 18 22 R V
17 57 M 115 12 20 R V
18 73 M 095 35 25 R VI
19 69 M 080 13 22 L V
20 45 M 140 18 18 L VI
21 79 F 075 24 28 L V

M: male, F: female, R: right, L: left.
* Seinsheimer classification
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blade screw, so the helical blade screw was removed after
bone union (Fig. 2).

On pre-operative evaluation, modified Koval index score
of all the patients was 5 points. On the evaluation of
modified Koval index score at final follow-up, the score
of 15 patients (71.4%) was 5 points, 4 patients (19.0%)
was 4 points, 1 patient (4.8%) was 3 points because she
got an another surgery due to intertrochanteric femoral
fractures on contralateral side, so she was able to do only
independent household ambulation; last 1 patient (4.8%)

responded 0 point due to her underlying disease and
general condition but was not associated with the surgery.
Operation time was 96±25 minutes (range, 55-140
minutes) (Table 2). None of the patients had malunion,
skin problems, or infection. Two patients complained post-
operative trochanteric area pain due to helical blade irritation
even though the union was achieved. The sliding length
was 11.7 mm and 11.5 mm, respectively. The pain was
relieved after removal of the blade (Fig. 2).

Table 2. Clinical and Radiological Outcomes

Variable Outcome

Time to union (wk) 24.2±±3.8 (18-30)000
Operation time (min) 96±±25 (55-140)
Decrease in neck shaft angle (。) 4.5±±3.5 (0.4-9.5)0
Helical blade sliding (mm) 4.2±±3.3 (0.3-11.7)
LLD (mm) 3.0±±1.8 (0-7)0000
TAD (mm) 23.0±±9.1 (11.7-44.4)
Seinsheimer classification IV: 5 / V: 16
AO classification 32C1.1: 10 / 32C2.1: 6 / 32C3.1: 5
Modified Koval index 4.6

5 Points 0.15 (71.4)
4 Points 00.4 (19.0)
≤≤3 Points 00.2 (09.5)

Values are presented as mean±±standard deviation (range), number of case, or number of case (%).
LLD: leg length discrepancy, TAD: tip-apex distance.

FFiigg..  22.. Seventy three year old male patient complained lateral aspect pain at the left lateral position. (AA) Immediate
postoperative radiographs. (BB) One year after operation radiograph that shows sliding of helical blade screw. (CC) Helical
blade screw was removed due to sustained discomforts and pain on the trochanteric region.
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DISCUSSION

Nowadays, IM nails are used more often than
extramedullary devices in the treatment of proximal
femoral fractures because IM nails have more biological
and mechanical advantages; which includes better
preservation of blood supply at fracture sites surrounding
soft tissue, and better endurability of weight and stresses
than extramedullary devices13,24-27). We attempted to reduce
and fix the fracture site in the manner of a closed reduction
as much as possible, but in the cases of severe comminuted
or reducible proximal fragment, we reduced the fracture
site with the Hohmann retractor or Dall-Miles cable using
minimal skin incisions to mitigate the damage of the soft
tissues including periosteum. There was no case that shows
complications of non-union or infection. We should avoid
widespread soft tissue dissection and wiring that can lead
to nonunion or infection by reducing blood supply at the
extramedullary area of the fracture site3,5,27).

We can employ the concept of working lengths of plates
to IM nails. In the comminuted fractures, enough working
length provides less stress to the implant and more strain
than a rigid fixation. In that perspective, long IM nails
can contribute less stress to the nail, which could cause
the metal failure of unstable fracture than a short one16).
In addition, patients with osteoporosis theoretically, have
more advantage with the long nail than the short nail to
protect remaining bone below the nail if fall occurs
afterwards because the short nail tip could elevate stress
concentration on the bowing site of the femur14,15).
However, short nails could be inserted into the IM space
easily even in patients with remarkable ante curvature of
the femur shaft. Also, we can easily fix the distal
interlocking screw of short or standard PFNA-II using
insertion handle and aiming arm. Some authors have
mentioned in their research aimed at AO/OTA Type 31-
A3 fractures that long IM nail did not show statistically
significant clinical and radiological outcomes28,29). They
reported that using a long nail was no more helpful for
old-aged patients with poor general conditions as it could
increase operation time and fluoroscopic radiation time28).
The intertrochanteric area is metaphyseal bone which has
enough blood supply and has sufficient contact surface for
the union. The previously reported good or equal results
of short nail applied to the intertrochanteric femur should
not be associated with comminuted subtrochanteric
fractures, which is more unstable and difficult to get
enough contact surface. Application of long-PFNA II’s

has a risk of penetration of anterior cortex during the
insertion because it has 1,500 mm of the radius of curvature
which is not enough for a severe bowing femur30). However,
in this study, comminuted subtrochanteric fractures haves
fewer concerns about the penetration by nail tip because
the comminution could provide a minimal correction of the
bowing, which leads to minimal LLD that does not affect
the clinical results. LLD of the complications is reported
with various incidence ranged from 17 to 34% and Borens
et al.10) say that LLD under 2.0 cm does no matter clinically.
In all our cases, there was no patient of LLD over 2.0 cm,
and no one complained of discomfort in everyday life
though it was derived from low expectation due to severely
comminuted fractures. Overall reduction was satisfactory.
In this study, the mean of decrease in neck shaft angle
and helical blade sliding was 4.5。and 4.2 mm, respectively.
Multi-fragmentary subtrochanteric femoral fracture has
a lack of medial buttress. Comminution leads the acceptable
blade sliding which finally leads bone unions. We assume
that the spontaneous varus change of neck shaft angle arisen
from the lack of medial buttress. However, the clinical results
were acceptable.

In 2 cases of this study, patients complained of trochanteric
pain. All of them had reverse obliquity fracture line at
the helical blade screw insertion site in the lateral cortex.
We cautiously think that relatively excessive sliding was
caused and facilitated by weakened helical blade support
at the lateral cortex, especially iatrogenic comminution
of the lateral cortex during the operation31). It is also known
that trochanteric pain after surgery can be caused by injury
to the insertion site of gluteus medius muscle during reaming
for nail insertion32), and the possibility of post-operative
trochanteric pain should be explained to patients before
surgery.

In terms of bone union, Borens et al.10) reported 17.2 weeks
of mean union time with long gamma nail. Kim et al.6)

reported 18.5 weeks with an IM nail and he reported that
a relatively long union period derives from largely a
displaced fracture site or comminution of medial cortical
bone. In our study, mean union period was 24.3 weeks
(range, 17.6-30.5 weeks) and we could consider severe
comminution and displaced fragments as the cause of
relatively long union periods.

Limitations of this study are as follows. First, this study
is not a comparative study with that of other fixation methods
especially short length nail. Second, this study has a
small number of cases and short term follow up period.
Third, this study has a retrospective and nonrandomized
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features. It is essential to expand cases of study, and we
need a long-term and prospective evaluation for reduce the
influence of variations including ages and injury levels
as well.

CONCLUSION

The clinical and radiological results after treatment of
complex subtrochanteric femoral fractures by long
cephalomedullary hip nail show excellent outcomes.

CONFLICT OF INTEREST

The authors declare that there is no potential conflict
of interest relevant to this article.

REFERENCES

01.Min BW, Song KS, Bae KC, Cho CH, Son ES, Lee KJ.
Nonsurgical treatment strategies after osteoporotic hip
fractures. Hip Pelvis. 2015;27:9-16.

02.Bedi A, Toan Le T. Subtrochanteric femur fractures.
Orthop Clin North Am. 2004;35:473-83.

03.Fielding JW, Cochran GV, Zickel RE. Biomechanical
characteristics and surgical management of subtrochanteric
fractures. Orthop Clin North Am. 1974;5:629-50.

04.Froimson AI. Treatment of comminuted subtrochanteric
fractures of the femur. Surg Gynecol Obstet. 1970;131:
465-72.

05.Saini P, Kumar R, Shekhawat V, Joshi N, Bansal M, Kumar
S. Biological fixation of comminuted subtrochanteric
fractures with proximal femur locking compression plate.
Injury. 2013;44:226-31.

06.Kim JW, Chang JS, Lee H, Bae JY, Kim JJ. Clinical
results of femoral subtrochanteric fractures. J Korean Hip
Soc. 2010;22:222-6.

07.Hotz TK, Zellweger R, Kach KP. Minimal invasive
treatment of proximal femur fractures with the long gamma
nail: indication, technique, results. J Trauma. 1999;47:
942-5.

08.Ruff ME, Lubbers LM. Treatment of subtrochanteric
fractures with a sliding screw-plate device. J Trauma.
1986;26:75-80.

09.Lee JY, Lee SY. Treatment of the proximal femoral
extracapsular fracture with proximal femoral nail antirotation
(PFNA): Comparison with proximal femoral nail (PFN). J
Korean Hip Soc. 2009;19:183-9.

10.Borens O, Wettstein M, Kombot C, Chevalley F, Mouhsine
E, Garofalo R. Long gamma nail in the treatment of
subtrochanteric fractures. Arch Orthop Trauma Surg.
2004;124:443-7.

11.Windolf M, Braunstein V, Dutoit C, Schwieger K. Is a
helical shaped implant a superior alternative to the
Dynamic Hip Screw for unstable femoral neck fractures? A
biomechanical investigation. Clin Biomech (Bristol, Avon).

2009;24:59-64.
12.Strauss E, Frank J, Lee J, Kummer FJ, Tejwani N. Helical

blade versus sliding hip screw for treatment of unstable
intertrochanteric hip fractures: a biomechanical evaluation.
Injury. 2006;37:984-9.

13.Ahrengart L, Törnkvist H, Fornander P, et al. A randomized
study of the compression hip screw and Gamma nail in 426
fractures. Clin Orthop Relat Res. 2002;(401):209-22.

14.Chung PH, Kang S, Kim JP, Kim YS, Lee HM, Huh DJ.
Treatment of unstable pertrochanteric fractures with a long
intramedullary nail. Hip Pelvis. 2013;25:51-6.

15.Menezes DF, Gamulin A, Noesberger B. Is the proximal
femoral nail a suitable implant for treatment of all trochanteric
fractures? Clin Orthop Relat Res. 2005;439:221-7.

16.Ongkiehonga BD, Leemansb R. Proximal femoral nail
failure in a subtrochanteric fracture: the importance of
fracture to distal locking screw distance. Injry Extra.
2007;38:445-50.

17.Rockwood CA, Green DP, Bucholz RW, Heckman JD,
Court-Brown CM, Tornetta P. Rockwood and Green’s
fractures in adults. 7th ed. Philadelphia: Lippincott
Williams & Wilkins; 2010.

18.Park J, Yang KH. Correction of malalignment in proximal
femoral nailing--Reduction technique of displaced proximal
fragment. Injury. 2010;41:634-8.

19.Yang KH, Won Y, Kang DH, Oh JC, Kim SJ. Role of
appositional screw fixation in minimally invasive plate
osteosynthesis for distal tibial fracture. J Orthop Trauma.
2015;29:e331-5.

20.Ogata K, Goldsand EM. A simple biplanar method of
measuring femoral anteversion and neck-shaft angle. J
Bone Joint Surg Am. 1979;61:846-51.

21.Bendo JA, Weiner LS, Strauss E, Yang E. Collapse of
intertrochanteric hip fractures fixed with sliding screws.
Orthop Rev. 1994;Suppl:30-7.

22.Baumgaertner MR, Curtin SL, Lindskog DM, Keggi JM.
The value of the tip-apex distance in predicting failure of
fixation of peritrochanteric fractures of the hip. J Bone
Joint Surg Am. 1995;77:1058-64.

23.Koval KJ, Skovron ML, Aharonoff GB, Meadows SE,
Zuckerman JD. Ambulatory ability after hip fracture. A
prospective study in geriatric patients. Clin Orthop Relat
Res. 1995;(310):150-9.

24. Jiang LS, Shen L, Dai LY. Intramedullary fixation of
subtrochanteric fractures with long proximal femoral nail
or long gamma nail: technical notes and preliminary
results. Ann Acad Med Singapore. 2007;36:821-6.

25.Windolf J, Hollander DA, Hakimi M, Linhart W. Pitfalls
and complications in the use of the proximal femoral nail.
Langenbecks Arch Surg. 2005;390:59-65.

26.Tencer AF, Johnson KD, Johnston DW, Gill K. A
biomechanical comparison of various methods of stabilization
of subtrochanteric fractures of the femur. J Orthop Res.
1984;2:297-305.

27.Won Y, Yang KH, Kim KK, Weaver MJ, Allen EM.
Amputated limb by cerclage wire of femoral diaphyseal
fracture: a case report. Arch Orthop Trauma Surg. 2016;
136:1691-4.

28.Okcu G, Ozkayin N, Okta C, Topcu I, Aktuglu K. Which



www.hipandpelvis.or.kr 119

Kwang-kyoun Kim et al. Complex Subtrochanteric Femoral Fractures with Long Cephalomedullary Hip Nail

implant is better for treating reverse obliquity fractures of
the proximal femur: a standard or long nail? Clin Orthop
Relat Res. 2013;471:2768-75.

29.Lindvall E, Ghaffar S, Martirosian A, Husak L. Short
versus long intramedullary nails in the treatment of
pertrochanteric hip fractures: incidence of ipsilateral
fractures and costs associated with each implant. J Orthop
Trauma 2016;30:119-24.

30.Wang WY, Yang TF, Fang Y, Lei MM, Wang GL, Liu L.

Treatment of subtrochanteric femoral fracture with long
proximal femoral nail antirotation. Chin J Traumatol.
2010;13:37-41.

31. Im GI, Shin YW, Song YJ. Potentially unstable intertrochanteric
fractures. J Orthop Trauma. 2005;19:5-9.

32.McConnell T, Tornetta P 3rd, Benson E, Manuel J. Gluteus
medius tendon injury during reaming for gamma nail
insertion. Clin Orthop Relat Res. 2003;(407):199-202.


