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ABSTRACT

Purpose: The purpose of the present study was to review 

the results of femoral neck non-unions treatment with valgus-

ing intertrochanteric osteotomy. Methods: Between 1988 and 

2003 we treaded thirty two femoral neck non-unions with val-

gusing osteotomy and fixation. The mean follow-up time was 

9.8 years and the mean age was 41.7 years. Results: Twenty 

eight (87.4%) of the thirty two valgusing osteotomies evolved 

to femoral neck union, while four cases (12.6%) evolved 

to total hip arthroplasty. Eight cases evolved to partial os-

teonecrosis. Conclusions: The valgusing intertrochanteric 

osteotomy for treating femoral neck non-unions achieved 

consolidation in 87.4% (28/32). However, only 56.2% (18/32) 

achieved full recovery of hip function.

Keywords – Femoral neck fractures; Osteotomies; Pseudo-

arthrosis.

INTRODUCTION

Nonunion with avascular necrosis of the femo-

ral head are the main complications of femoral 

neck fracture.

Without a doubt, consolidation of the nonunion with 

preservation of the femoral head is the biological alter-

native that offers the best long-term outcome if the pa-

tient is young. However, if the patient is elderly, above 

65 years of age, based on consensus in the literature, 

total hip arthroplasty may offer a more promising result 

because it eliminates the two main complications of 

the biological alternative at the same time: recurrence 

of nonunion and aseptic necrosis of the femoral head.

The objective of this study is to evaluate the con-

solidation of valgus osteotomy for the nonunion of the 

femoral neck.

METHODS

From January 1988 until October 2003, 32 cases of 

nonunion of the femoral neck were treated with valgi-

zation osteotomy and fixation at the Orthopedics and 

Traumatology Clinic, Santa Casa de Porto Alegre, RS, 

20 of whom were male and 12 of whom were female. 

The youngest patient was 18 years old and the oldest 

was 66. The average age was 41.7 years. Follow-up 

was 9.8 years (1-15 years).

Fractures were initially classified as Garden I (zero), 

Garden II (zero), Garden III (14 cases), and Garden IV 

(18 cases).

In relation to the initial treatment, nine cases ar-

rived at the hospital without any treatment. The other 

23 cases were initially fixed with screws (13), DHS 

(7), one with three Steinmann wires, and two with an 

angled laminar plate (AO).

The average time from the fracture to the osteotomy, 

that is, the time of nonunion was 6.5 months (3.5-12 

months).

The decision to perform the osteotomy was based 

only on radiological criterion (head sphericity). In only 

three cases was MRI performed. In all images there 

were signs of partial necrosis, which were not consid-

ered a contraindication for osteotomy.
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Figure 1 – Intertrochanteric osteotomy technique described by 

Pauwels(2).
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The technique used for osteotomy was described by 

Pauwels in 1935(1) with lateral wedge resection from 

 !"#$%#&!"#'()#*+'$,%(#%-#$./#%0$/%$%12#34,567/#89:
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wing materials: McLaughlin plate (1), AO plate (10), 

AO plate + anti-rotation screw (4), DCS (1), DHS 

150° (2), and DHS 130° (14).

After osteotomy, support was only allowed after 90 

days. From then, progressive partial support with 

crutches was allowed until consolidation.

The mechanical changes promoted by the osteotomy 

were evaluated and measured. The average abductor 

moment of the osteotomy side was 64.8 mm (54-75 

mm). That of the contralateral side (normal) was 73.7 

mm (63-92 mm).

Therefore, on average, there was a decrease of 8.9 mm. 

There was a 12.1% decrease of the abductor moment.

The mean femoral offset after osteotomy was 24.9 

mm (13-36 mm). The contralateral (normal) side was 

45.5 mm (32-58 mm). Therefore, there was a 20.6 mm 

average decrease in femoral offset. The percentage 

decrease was 45.3%.

The average cervico-diaphyseal angle of the nor-

mal side was 131.5° (120°-145°). The average post-

osteotomy angle was 144.4° (130°-152°). So there 

was a valgization average of 12.9 mm. The average 

valgization percentage compared with the normal side 

was 9.8%.

RESULTS

Of the 32 cases, four nonunions progressed to total 

hip replacement. Twenty-eight osteotomies consoli-

dated. In 27 cases, consolidation was achieved after one 

osteotomy. One case developed into consolidation after a 

new osteotomy and exchange of new synthesis material.

The 28 consolidated osteotomies were evaluated 

for avascular necrosis according to the Inoue clas-

sification. Twenty cases were considered without ne-

crosis. Five cases were found in stage two (abnormal 

or irregular density with slight flattening). Two cases 

were found in stage three (irregular density with seg-

mental collapse). One case with 14 years of evolution 

was considered stage four (osteoarthritis with defor-

mity of the head), but until this assessment total hip 

arthroplasty had not been required.

Patients were evaluated by the method of D’Aubigné 

et al.(2). Of the 28 cases, 18 were considered to have 17 

and 18 points. The remaining 10 cases had 15 or 16 

points. None of the patients needed to use any support 

(cane or crutch), but eight exhibited mild claudication 

at the time of evaluation. No patient complained in 

relation to the ipsilateral knee.

DISCUSSION

The fracture of the femoral neck has been described 

as the fracture without a solution(3).

Despite advances in the surgical technique and the 

quality and design of the synthesis material employed, 

avascular necrosis of the femoral head and nonunion 

remain the major complications of the fracture.

Despite the goal of treatment of nonunion being to 

preserve the head through consolidation of the frac-

ture, the choice of optimal treatment depends largely 

on the patient’s age, the sphericity and congruency 

of the femoral head, the quality of the existing bone, 

and the experience of the orthopedist.

The problem besides being biological is funda-

mentally biomechanical as shown by Pauwels(1). For 

the treatment of nonunion, he described a valgus in-

tertrochanteric osteotomy that converts shear forces 

into forces of compression and attains consolidation.

Arthroplasty is generally indicated in patients over 

60 years(4-6), but the physiological age should be con-

sidered more than chronological age.

Marti et al.(7) indicate valgus osteotomy in patients 

up to 70 years of age.

The isolated presence of avascular necrosis with-

out collapse of the head is not a contraindication to 

grafting or osteotomies. Several satisfactory results 

have been published in the literature(4,5,7-10).
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Figure 2 A – D.A., 20 years, male: Initial X-ray. Nonunion of the 

left femoral neck. Osteosynthesis with three Steinmann wires eight 

months prior. B – Panoramic X-ray of the hip after valgus osteo-

tomy. It was not possible to remove two of the Steinmann wires. 

Osteosynthesis with DHS.

A B

Figure 2 C – Left hip X-ray in detail in the immediate postopera-

tive period. D – Consolidated nonunion and osteotomy. Observe 

that the superior Steinmann wire is subchondral.

C D

Figure 2 E – Top images: the patient after consolidation. Bottom 

images: the patient after seven years of follow-up.

For this reason, simple radiographic evaluation 

(head sphericity) is the only test that is really neces-

sary to evaluate the indication of osteotomy.

Femoral neck fracture is common in the elderly, but 

the higher incidence of nonunion is more commonly 

found in younger patients who have suffered fractures 

due to medium and high intensity trauma(11-13).

The incidence of nonunion in femoral neck frac-

tures occurs in 10% to 59% of cases(12-18).

There are no definitive criteria to conclude whether 

the fracture progressed to nonunion, but a minimum 

period of six months should be considered. In a pros-

pective multicenter study, Barnes et al.(14) found that 

only 14% of displaced intracapsular fractures conso-

lidated in six months.

The clinical history is very important: persistent 

pain in the groin, buttock, anterior thigh, or knee that 

is exacerbated by rotational movements should be 

considered suspect and should be closely monitored.

Serial radiographs are often necessary to make 

the diagnosis. Alho et al.(18), reviewing 203 cases, 

described predictors of nonunion: changes in the po-

sition of screws, changes in the trace of the fracture, 

and extrusion of the screws larger than 20 mm.

In this series, nine patients arrived at the hospital 

without any prior treatment and, therefore, the diag-

nosis was evident, but the average time to diagnosis 

was 6.5 months.

In all cases, the radiological criterion was the only 

one used to indicate the osteotomy.

Although most authors use the laminar plate(4,5,7,19) 

for fixation of the osteotomy, a sliding screw was used 

in half of our cases (DHS 16/32) (Figure 2).

The sliding screw (DHS) is less aggressive, allo-

wing for compression at the site of nonunion, and its 

implementation is technically easier.

In no case was bone graft placed in the focus of 

the nonunion.

Mathews et al.(5) were the first to measure the me-

chanical changes that occur after osteotomy.

After reviewing 15 cases, they concluded that the 

abductor moment and femoral offset decreased 11 

mm and 21 mm, respectively, when compared with 

the normal side. They also concluded that the cervico-

diaphyseal angle increased from 123° to 149°.

The same mechanical changes were found in this 

series. On average, the abductor moment decreases 

8.9 mm which theoretically represents a percentage 

decrease of 12.1% of the abduction force.

However, the difference in the femoral offset was 

much more significant. The decrease was 20.6 mm, 

on average. The percentage decrease in the offset was 

45.3%. However, even with this important variation, 

one must consider that the change in the offset does 

not have the same impact as the abductor moment on 

the strength of the trochanteric pelvis.

Mathews et al.(5) found claudication in 13 (86.6%) 
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Figure 3 E – Functional appearance of the patient after 12 years.

C D

Figure 3 C – N.F. X-ray after four years and three months. Note 

that the DHS screw reaches the subchondral bone. D – Panora-

mic X-ray of the hip after 12 years of follow-up.

Figure 3 A – N.F., 35 years, male: Initial X-ray showing nonunion 

of the femoral neck. B – Consolidated osteotomy and nonunion 

after one year. Osteosynthesis with DHS.

A B
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of their series of 15 patients and justified it by these 

biomechanical changes. However, this finding was 

not constant in this series, since only eight of the 

28 consolidated hips had some kind of claudication 

(28.0%). Reviewing clinical outcomes of 13 patients, 

Ballmer et al.(4) reported that only two limped (15.4%) 

(Figure 3).

Evidently, cervico-diaphyseal angle changes were 

also observed. The average of the cases changed from 

131.5° to 144.4°.

Up to the time of the last assessment, four cases 

evolved to hip arthroplasty, but consolidation was 

achieved in the remaining 28 cases (87.4%).

Pidhorz et al.(20) obtained consolidation in 74% of 

cases, Marti et al.(7) in 86%, Wentzensen et al.(21) in 

100%, Mathews et al.(5) in 80%, Ballmer et al.(4) in 

88%, and Wu et al.(22) in 94%. Despite the high level of consolidation that this 

osteotomy achieves, it is known that in many cases 

there may be necrosis, necrosis with reossification, 

and partial or total collapse of the femoral head. These 

degenerative changes tend to evolve, but satisfactory 

clinical results can be seen for many years(7). Clearly, 

if the degenerative changes become progressive, to-

tal hip replacement will be required at some point in 

the follow-up. With follow-up of 7.1 years, Marti et 

al.(7) reported that 14% progressed to arthroplasty; 

after four years, Mathews et al.(5) reported 15.3%, and 

Ballmer et al.(4) cite two cases, 11.7%.

In this series, eight cases evolved with necrosis. 

Only one case with 14 years of evolution was consi-

dered Inoue stage four(6), but still had good mobility, 

tolerable pain, and there is no prediction of total hip 

arthroplasty (Figure 4).

In the evaluation by D’Aubigné et al.(2), 18 patients 

were considered normal with 17 and 18 points. Ten 

had 14 to 16 points due to sporadic pain, claudication, 

or restriction of movement.

Reviewing this series with a mean follow-up of 

9.8 years, we conclude that valgus osteotomy for the 

treatment of nonunion of the femoral neck in young 

patients (41.7 years) was responsible for consolida-

tion in 87.4% (28 cases) and for the full recovery of 

hip function in 56.2% (18 cases) (Figures 2, 3, and 4).

Without a doubt, total hip arthroplasty is the other 

major alternative treatment for nonunion.

It fosters fast pain relief and early mobilization. 
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Figure 4 – G.J.R., 37 years, female, nonunion of the femoral neck. Fracture neglected for five months. Note the resorption of the 

edges of the fracture. B – X-ray in detail after osteosynthesis with DHS and valgus osteotomy. C and D – AP and profile radiographs 

in detail after consolidation of the osteotomy and nonunion. E – Clinical appearance of the patient after five years.

Rev Bras Ortop. 2009;44(2):159-63

REFERÊNCIAS

 1.  Pauwels F. Der Schenkelhalsbruch ein mechanisches Problem: Grundlagen 
des Heilungsvorganges, Prognose und kausale Therapie. Stuttgart: Ferdinand 
Enke Verlag; 1935.

 2.  D’Aubigne RM, Postel M. functional results of hip arthroplasty with acrylic pros-
thesis. J Bone Joint Surg Am. 1954; 36:451-75.

 3.  Dickson JA. The “unsolved fracture”. A protest against defeatism. J Bone Joint 
Surg Am. 1953; 35(4):805-22.

 4.  Ballmer FT, Ballmer PM, Baumgaertel F, Ganz R, Mast JW. Pauwels osteotomy 
for nonunions of the femoral neck. Orthop Clin North Am 1990;21:759-67.

 5.  Mathews V, Berry D, Trousdale RT, Cabanela M. Clinical and functional results 
of valgus intertrochanteric osteotomy for femoral neck nonunion. 70th Annual 
Meeting proceedings AAOS; 2003. p.380.

 6.  Inoue A, Ono K.: A histological study of idiopathic avascular necrosis of the head 
of the femur. J Bone Joint Surg Br. 1979;61:138-43.

 7.  Marti RK, Schuller HM. Raaymakers EL. Intertrochanteric osteotomy for nonu-
nion of the femoral neck. J Bone Joint Surg Br. 1989;71:782-7.

 8.  Bonfiglio M, Yoke EM. Aseptic necrosis of the femoral head and non-union of 
the femoral neck: effect of treatment by drilling and bone-grafting (Phemister 
technique). J Bone Joint Surg Am. 1968;50:48-66. 

 9.  Nagi ON, Dhillon MS, Goni VG. Open reduction, internal fixation and fibular autografting 
for neglected fracture of the femoral neck. J Bone Joint Surg Br. 1998;80:798-804.

10.  Meyers MH, Harvey JP Jr, Moore TM. Treatment of dispraced subcapital and 
transcervical fractures of the femoral neck by muscle-pedicle-bone graft and 
internal fixation. A preliminary report on one hundred and fifty cases. J Bone 
Joint Surg Am. 1973;55:257-74.

11.  LeCroy CM, Rizzo M, Gunneson EE, Urbaniak JR. Free vascularized fibular 
bone grafting in the management of femoral neck nonunion in patients younger 
than fifty years. J Orthop Trauma. 2002;16:464-72.

12.  Protzman RR, Burkhalter WE. Femoral-neck fractures in young adults. J Bone 
Joint Surg Am. 1976;58:689-95.

13.  Swiontkowski MF, Winquist RA, Hansen ST Jr. Fractures of the femoral neck 
in patients between the ages of twelve and forty-nine years. J Bone Joint Surg 
Am. 1984;66:837-46.

14.  Barnes R, Brow JT, Garden RS, Nicoll EA. Subcapital fractures of the femur. A 
prospective review. J Bone Joint Surg Br. 1976;58:2-24. 

15.  Dedrick DK, Mackenzie JR, Burney RE: Complications of femoral neck fracture 
in young adults. J Orthop Trauma. 1986;26:932-7.

16.  Rajan DT, Parker MJ. Does the level of an intracapsular femoral fracture influence 
fracture healing after internal fixation? A study of 411 patients. Injury. 2001;32:53-6.

17.  Stromqvist B, Hansson LI, Nilsson LT, Thorngren KG. Hook-pin fixation in femo-
ral neck fractures. A two-year follow-up study of 300 cases. Clin Orthop Relat 
Res. 1987;(218): 58-62. 

18.  Alho A, Benterud JG, Solovieva S. Internally fixed femoral neck fractures. Early 
prediction of failure in 203 elderly patients with displaced fractures. Acta Orthop 
Scand. 1999;70:141-4.

19.  Hernefalk L, Messner K. Rigid osteosynthesis decreases the late complication 
rate after femoral neck fracture: the influence of three different osteosynthesis 
devices evaluated in 369 patients. Arch Orthop Trauma Surg. 1996;115:71-4. 

20.  Pidhorz L, Lahbabi S, Deburge A. Les pseudarthroses du col. Femoral: Traite-
ment par osteotomie interthrochanterienne. Rev Chir. Orthop Reparatrice Appar 
Mot. 1974;60:205-21.

21.  Wentzensen A, Weller S. Die Pseudarthrose als komplikation der schenkelhalsfraktur. 
Aktuelle Traumatol. 1983;13:72-6. 

22.  Wu CC, Shih CH, Chen WJ, Tai CL. Treatment of femoral neck nonunions with a 
sliding compression screw: comparison with and without subtrochanteric valgus 
osteotomy. J Trauma. 1999;46:312-7.

23.  Delamarter R, Moreland JR. Treatment of acute femoral neck fractures With 
total hip arthroplasty. Clin Orthop Relat Res. 1987;(218):68-74. 

24.  Dorr LD, Glousman R, Hoy AL, Vanis R, Chandler R. Treatment of femoral 
neck fractures with total hip replacement versus cemented and noncemented 
hemiarthroplasty .J Arthroplasty. 1986;1:21-8.

25.  Franzen H, Nilsson LT, Stromqvist B, Johnsson R, Herrlin K. Secondary total hip re-
placement after fractures of the femoral neck. J Bone Joint Surg Br. 1990;72:784-7.

26.  Greenough CG, Jones JR: Primary total hip replacement for displaced subcapital 
fractures of the femur. J. Bone Joint Surg Br. 1988;70:639-43.

27.  Hunter GA. Should we abandon primary prosthetic replacement for fresh displaced 
fractures of the neck of the femur? Clin Orthop Relat Res. 1980;(152):158-61.

A B C D E E

However, long-term results are not always satisfac-

tory and high rates of failure and poor results have 

been found in young patients(23-27). In these patients, 

total hip arthroplasty may be the easiest, but not the 

best, solution. To treat a nonunion of the femoral neck 

in these patients, a more conservative attitude is wor-

thy of consideration: Pauwels valgus osteotomy(1).

CONCLUSIONS

Reviewing 32 cases of nonunion of the femoral neck in 

young patients (41.7 years) we conclude that the bio-

logical alternative (valgus osteotomy) was responsible 

for a high rate of consolidation of 32 cases (87.4%). 

With a mean follow-up of 9.8 years, only four cases 

(12.6%) progressed to total hip arthroplasty.
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