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Girdlestone resection arthroplasty for femoral neck 
fractures has poorer outcomes than hemiarthroplasty in 
frail patients with increased risk for arthroplasty-related 
complications: a retrospective case study of 21 patients
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Background and purpose — Hemiarthroplasty (HA) 
is the usual treatment for displaced femoral neck fractures 
(FNF) in elderly patients. Patients may be unsuitable for HA 
due to secondary conditions such as systemic infections or 
severe neurological conditions, which is why Girdlestone 
resection arthroplasty (GRA) may be an option. We aimed 
to determine (1) patient survival in matched patient groups 
treated with either GRA or HA and (2) functional outcomes.

Patients and methods — 21 patients treated with GRA 
for FNF in a German university hospital were retrospec-
tively reviewed (2015–2019). After matching for age and 
comorbidities, a control group of 42 HA patients was estab-
lished. Patient survival was determined by a Kaplan–Meier 
analysis. The mean follow-up (FU) was 1.5 (0–4.4) years. 
Function at FU was documented using the modified Harris 
Hip Score (mHHS) and the National Hip Fracture Database 
(NHFD) mobility score.

Results — The 1-month-mortality was 19% in the GRA 
group and 12% in the HA group; the 1-year mortality was 
71% and 49%, respectively (P = 0.01). The mHHS at FU 
was lower in the GRA group than in the HA group (22 [range 
0–50] vs. 46 [11–80]). 82% of patients in the GRA group 
were bedridden post-surgery as opposed to 19% in the HA 
group.

Conclusion — Patients with HA after FNF had higher 
survival and better functional outcomes when compared 
with GRA in matched patient groups. Considering this, GRA 
for FNF should be selected restrictively.

The preferred treatment option for displaced fractures in 
elderly patients is hemiarthroplasty, (HA) as it can alleviate 
pain and restore early postoperative mobility [1]. However, 
coexisting conditions such as systemic infections, pressure 
sores, or severe neurological conditions such as dementia 
and Parkinson’s disease are associated with an increased risk 
of periprosthetic joint infection (PJI), dislocation, or other 
arthroplasty-related complications and may keep treating sur-
geons from choosing arthroplasty. Alternatives to HA in these 
patients include nonoperative management (NOM), internal 
fixation, or Girdlestone resection arthroplasty (GRA).

In 1928, Girdlestone [2] described extensive excision arthro-
plasty of the hip as a salvage procedure for tuberculous arthri-
tis. Today the acronym GRA is used for head–neck resection 
or implant removal and mostly used in the treatment of PJI. 

GRA used as the primary treatment of patients with FNF is a 
rather rarely mentioned treatment option and is only described 
in a few small studies [3-5].

We aimed to determine (1) patient survival of matched 
cohorts treated with either GRA or HA as primary treatment 
of FNF and (2) functional outcomes of the 2 groups.

Patients and methods

This is a retrospective matched cohort study on FNF patients 
treated with GRA due to a potentially increased risk of 
arthroplasty-related complications. The reporting adheres to 
the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement [6]. The study was con-
ducted in a single center.

All patients with FNF in the recruitment period January 
2015–December 2019 were reviewed for this study and those 
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treated with HA or GRA were isolated for further analysis. 
As data was collected within a given time period, and cases 
were few, a study size calculation was not made. The follow-
up (FU) was conducted in June 2021 (1.5 years after the last 
inclusion). The department had no clear guidelines for the 
GRA indication but the rationales for choosing GRA were 
mainly that a patient was very frail with concomitant systemic 
infections or had neurological disorders and limited pre-injury 
mobility. All GRA patients were included in the study except 
for patients with pathological FNF (Figure 1). 

2 HA patients were allocated to each GRA patient according 
to a matching process including matching criteria in the fol-
lowing priority order: 
1.	American Society of Anesthesiologists (ASA) score (identical).
2.	Charlson Comorbidity Index (CCI) ± 1 point.
3.	Age at surgery ± 3 years.
4.	Date of surgery ± 3 months.

If more than 2 HA cases fulfilled the matching criteria, the 2 
patients with the most similar characteristics were selected. If 
fewer than 2 HA cases fulfilled the criteria (n = 4), the inclu-
sion criteria were sequentially dropped in reverse order (first 
“date of surgery ± 3 months”, then “age at surgery ± 3 years”). 
All matching partners at least fulfilled the ASA and CCI cri-
teria. 

Surgical procedure
GRA was performed using a direct lateral approach. After 
exposure through a T-shaped capsulotomy, a femoral neck 
osteotomy with an oscillating saw was performed and the 
femoral head was extracted. After thorough jet lavage of the 
situs, a drain was placed in the joint and layerwise closure was 
performed. 

HA was performed using the same approach as described 
above. The stem anchorage was acheived using a 3rd-gener-

questioned on a scale from 1 (extremely dissatisfied) to 100% 
(extremely satisfied). FU time was defined as the time between 
surgery and the FU or between surgery and death in deceased 
patients. 

If patients were unable to actively participate due to, e.g., 
severe dementia or hearing difficulties, proxies or close rela-
tives answered on their behalf. The variables at FU were 
obtained irrespective of whether the patients were alive or not. 
In the case of death, we recorded the best status reached by 
patients at any time after surgery. 

Statistics
The survival analysis was performed using the Kaplan–
Meier method. The endpoint was patient death from any 
cause. A log rank test was performed to determine the differ-
ence between the 2 groups. The P value of the test was given 
at a significance level of α = 5%. The median survival of the 
groups was determined and presented with the 95% confi-
dence interval (CI) in parentheses. Secondary outcome vari-
ables included patient functionality using the scores men-
tioned previously. Categorical variables were presented as 
counts with percentages in parentheses, continuous variables 
as mean with the range in parentheses. The statistical analy-
sis was conducted using SPSS v. 27 (IBM Corp, Armonk, 
NY, USA).

Ethics, funding, and potential conflicts of interest
Prior to study initiation, approval by the local ethics commit-
tee was obtained (trial registration ID “BO-EK-254062020”). 
Informed consent was obtained from all study participants. No 
competing interests were declared by any of the authors. Com-
plete disclosure of interest forms according to ICMJE are avail-
able on the article page, doi: 10.2340/17453674.2024.34901

Acute femoral neck fractures
January 2015 to December 2019

n = 907

Other procedures (n = 405):
– total hip arthroplasty, 250
– osteosynthesis, 155

Lost to follow-up (n = 6):
– died shortly after surgery, 5
– could not be contacted, 1

Hemiarthroplasty
n = 478

Hemiarthroplasties
after matching 1:2

n = 42

Girdlestone resection
arthroplasty

n = 24

Girdlestone resection
arthroplasty in the study

n = 21

Excluded
Pathological fractures

n = 3

Lost to follow-up
Died shortly after surgery

n = 4

Final follow-up (n = 17):
– alive, 3
– dead, 14

Final follow-up (n = 36):
– alive, 13
– dead, 23

Figure 1. Flowchart of patient inclusion.

ation cementation technique, followed by the 
insertion of the bipolar head and joint reduction.

All reported surgery-related and medical 
complications (Table 2) occurred during the 
initial in-hospital care of patients.

Follow-up
The FU consisted of a postal questionnaire 
and/or telephone interview, which could be 
answered by patients or their proxies. The FU 
included the National Hip Fracture Database 
(NHFD) mobility score with “1” indicating the 
best possible and “5” the worst possible mobil-
ity, a modified Harris Hip Score (mHHS) [7] 
considering only the sections for pain and func-
tionality extrapolated together to 100 points, as 
well as the Euroqol-5-dimensions 5 levels (EQ-
5D-5L) [8] score. Permission to use the EQ-
5D-5L for non-commercial use was obtained 
via www.euroqol.org. Patient satisfaction was 
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Results

907 patients with FNF were admitted to our hospital in the 
recruitment period. 478 patients (53%) received HA, while 
250 patients (28%) received total hip arthroplasty. 155 patients 
(17%) were treated by internal fixation and 24 patients by 
GRA (2.7%). Of these, 3 patients with pathological FNF were 
excluded, leaving 21 patients in the GRA group for further 
consideration (Figure 1). 

17 GRA patients and 36 HA patients were followed up 
(Figure 1). In 4 GRA patients, no FU status could be obtained 
because these patients had died shortly after surgery. 6 HA 
patients were lost to FU and excluded from the final analysis: 
5 had died shortly after surgery and 1 could not be contacted.

The mean FU time for patients included in this study (n = 
53) was 1.5 (0–4.4) years. The mean FU time for GRA patients 
(n = 17) was 0.8 (0–3.2) years and for HA patients (n = 36) 1.8 
(0–4.4) years. The mean FU time for patients who were still 
alive at FU was 1.8 (1.5–2.0) years in the GRA group (n = 3) 
and 2.9 (1.5–4.4) years in the HA group (n = 15). 

Baseline characteristics 
Age at surgery was 79 (63–98) years in the GRA and 81 (64–
96) years in the HA group. The mean CCI was 7.1 (3–13) and 
7.1 (4–12) while the mean ASA score was 3.0 (1–4) and 3.1 
(2–4) in the GRA and HA groups, respectively. The preopera-
tive ambulatory status was similarly distributed in both groups 
(Table 1).

Survival (Figure 2)
Survival after 1 month was 81% in the GRA and 88% in the 
HA group and 29% and 51% after 12 months, respectively. 
The median survival was 3.3 (CI 0–6.8) months in the GRA 
and 15.9 (CI 3.9–27.9) months in the HA group (χ² = 6.6; P 
= 0.01).

At the final FU, 18 of the 21 patients in the GRA group 
had died while in the HA group, 26 of 42 had died. Among 
the deceased, death had occurred after a mean of 0.6 (0–3.2) 
years postoperatively in the GRA group and after a mean of 
0.8 (0–3.7) years postoperatively in the HA group. 

The mean surgery duration was 42 (14–68) minutes in the 
GRA group and 84 (54–161) minutes in the HA group (Table 
2). Among the GRA patients, none had surgery-related com-
plications. Among patients treated by HA, one patient was 
converted to a dual-mobility implant due to recurrent disloca-
tion. Another suffered an intraoperative periprosthetic fracture 
of the greater trochanter, which was treated conservatively 
with partial weightbearing. 3 patients had prolonged wound 
drainage but none of them had to be revised. 

10 GRA patients and 12 HA patients had medical com-
plications (Table 2). Of the 10 GRA patients, 2 died during 
their hospital stay due to the sequelae of these complications, 

Table 1. Baseline characteristics and coexisting conditions of patients 
in GRA and HA groups. Values are count (%) unless otherwise specified

Variable	 GRA (n = 21)	 HA (n = 42)

Age at surgery, mean (range)	 79 (63–98)	 81 (64–96)
Fenale sex	 13 (62)	 20 (48)
CCI, mean (range)	 7.1 (3–13)	 7.1 (4–12)
ASA score, mean (range)	 3.0 (1–4)	 3.1 (2–4)
BMI, mean (range) 	 27 (16–51)	 24 (17–32)
Garden classification	
 1	 0 	 2 (5)
 2 	 3 (14)	 10 (24)
 3 	 9 (43)	 23 (55)
 4	 8 (38)	 8 (17)
Pauwels classification
 1	 0 	 3 (7)
 2	 5 (24)	 17 (41)
 3	 15 (71)	 22 (52)
Preoperative ambulatory status
 Independent	 9 (43)	 15 (36)
 Nursing service	 5 (24)	 14 (33)
 Nursing home	 7 (33)	 13 (31)
Coexisting conditions
 Diabetes	 10 (48)	 9 (21)
 Heart disease	 13 (62)	 24 (57)
 Vascular disease	 12 (57)	 20 (48)
 Hypertension	 19 (91)	 35 (83)
 Renal failure	 9 (43)	 12 (29)
 Liver disease	 4 (19)	 4 (9)
 Tumor disease	 8 (38)	 13 (31)
 Dementia	 7 (33)	 15 (36)
 Neurologic disease	 4 (19)	 12 (29)
 Rheumatic disease	 4 (19)	 8 (19)
 Anticoagulation	 10 (48)	 20 (48)
 Open wounds	 8 (38)	 2 (5)
 Active infection/sepsis	 7 (33)	 2 (5)

ASA = American Society of Anesthesiologists; BMI = body mass 
index; CCI = Charlson Comorbidity Index; GRA = Girdlestone resec-
tion arthroplasty; HA = hemiarthroplasty.

Table 2. In-hospital care data of GRA and HA group. Values are 
mean (range) unless otherwise specified 

Variable	 GRA (n = 21)	 HA (n = 42)

Hospital stay, days	 19.9 (1–73)	 14.1 (5–46)
Preoperative CRP, mg/L	 81 (2–231)	 27 (0–159)
Postoperative CRP, mg/L 
 days 3–5	 121 (20–336)	 92 (0–285)
Duration admission to surgery, hours	 70 (5–296)	 31 (5–168)
Duration of surgery, minutes	 42 (14–68)	 84 (54–161)
ICU admission postoperatively, n (%)	 16 (76)	 33 (79)
Length of stay in ICU, days	 2.4 (0–20)	 1.7 (0–16)
Complications, n (%)	 10 (48)	 14 (33)
 Surgery-related, n (%)	 0 	 2 (5)
 Medical, n (%)	 10 (48)	 12 (29)
     urogenital	 1 4 
     pneumonia	 2 1 
     deep vein thrombosis	 1 	 2  
     cardiac failure	 2 1 
     neurologic (delirium, etc.)	 2 2 
     tumor/sequelae	 2 0 
     gastrointestinal	 0 	 2 

CRP = C-reactive protein; GRA = Girdlestone resection arthroplasty; 
HA = hemiarthroplasty; ICU = intensive care unit. 
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1 following pneumonia with ensuing sepsis and 1 due to the 
sequelae of a urogenital tumor. 

Function
Both the mHHS and the EQ-5D were decreased in the GRA 
group (Table 3). Patient satisfaction was 37% (0–90) in the 
GRA group and 67% (20–100) in the HA group.

14 of 17 patients (82%) in the GRA group were bedridden at 
FU (NHFD V) as opposed to 7 of 36 (20%) in the HA group. 
19 of the HA patients were mobile within their home (NHFD 
IV); 7 could walk outside with walking aids (NHFD III). 

2 GRA patients received secondary arthroplasty; 1 patient 
was still alive at the final FU while the other had died 5 years 
after arthroplasty was performed. 

Discussion

The aim of the study was to evaluate GRA as a potential treat-
ment alternative for FNF in very frail patients with concomi-
tant infections or other conditions that might lead surgeons 
to decide against arthroplasty. In matched patient groups of 
GRA and HA patients we found a higher 1-year mortality after 
GRA. Also, function was impaired to a higher degree follow-
ing GRA when compared with HA.

Because GRA is rarely used as a primary treatment option 
for FNF, only limited literature on GRA exists. In most west-
ern nations, as in Germany, HA is usually the preferred treat-
ment for FNF even in very frail patients, as it is also consid-
ered as a palliative care approach to minimize pain and other 
symptoms. HA can be regarded as unsuitable for some patients 
due to concomitant systemic infections, or limited mobility or 

life expectancy. In these special circumstances NOM [9] or—
more rarely—GRA can be discussed. 

A hip fracture is associated with increased all-cause mortal-
ity and patients with hip fractures may have a 3-fold higher 
mortality compared with the general population [10,11]. In a 
large Danish population study, 1-year-mortality after hip frac-
ture was 27% [12]. In certain patient groups mortality rates can 
be even higher, such as in patients with dementia [13]. In our 
GRA group, 1-year mortality was 71%. A lower 1-year mor-
tality than ours, with rates of 28 and 27%, respectively, was 
reported in 2 studies where GRA was used after a hip fracture 
but mainly after complications of hip arthroplasty [14,15]. A 
study reporting on GRA primarily used for FNF in relatively 
young patients (57 years) found a 21% mortality after 5 years 
[4]. Also, major comorbidities at least were not reported, thus 
representing a different selection from ours. More in line with 
our study, Shah and Parker [3], investigating GRA as a pri-
mary or secondary procedure for a hip fracture, found a 1-year 
mortality of 42%. However, a majority received GRA second-
ary to complications of surgery.

Patients with FNF treated nonoperatively had 30-day and 
1-year mortality rates for NOM of 87% and 99%, respec-
tively, when compared with 7% and 28%, respectively, for 
surgery [16]. Other studies have displayed wider mortality 
ranges; a meta-analysis reported 30-day and 1-year mortality 
rates between 5% and 65% (36% average) and 30% and 95% 
(60% average), respectively [17]. Differences in mortality in 
the latter meta-analysis were, in particular, due to fundamen-
tal differences in patient characteristics between the studies. 
Patient selection may also explain the variation in mortality 
rates in all the above-cited studies. 

Our results are supported by studies reporting limited mobil-
ity and a need for assistance after GRA, while results on pain 
relief are rather mixed [14,15,18]. In a group of 14 patients 
treated with GRA after neglected FNF, none of the 14 patients 
were taking regular pain medication and all could walk short 

Table 3. Functionality and mobility of GRA and HA group at the mean follow-up 
of 1.5 (0–4.4) years

Variable	 GRA (n = 17)	 HA (n = 36)

Harris Hip Score, mean (range)
 Functionality 	 3.4 (0–7)	 14 (0–33)
 Pain 	 17 (0–40)	 28 (10–44)
 Total (modified)	 22 (0–50)	 46 (11–80)
NHFD Mobility score, n (%)		
 Freely mobile without aids (I)		  1 (3)
 Mobile outdoors with one aid (II)		  2 (6)
 Mobile outdoors with 2 aids or frame (III)		  7 (19)
 Some indoor mobility but never goes out (IV)	 3 (18)	 19 (53)
 No functional mobility (V)	 14 (82)	 7 (19)
EQ-5D score, mean (range)	 0.1 (0.2–0.7)	 0.5 (0.2–0.9)

EQ-5D = Euroqol-5 dimensions; GRA = Girdlestone resection arthroplasty, 
HA = hemiarthroplasty, NHFD = National Hip Fracture Database.
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1.0

0.8

0.6

0.4

0.2

0.0

Patient survival

Months after surgery

Girdlestone resection arthroplasty
Hemiarthroplasty

Figure 2. Kaplan–Meier survival analysis depicting Gir-
dlestone resection arthroplasty group (blue curve) and 
hemiarthroplasty group (green curve). Survival was 81% 
in the GRA versus 88% in the HA group after 1 month, 
and 29% versus 51% after 12 months, respectively (log 
rank: P = 0.01).
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distances, some with and some without walking aids at FU [4]. 
In 6 non-ambulatory patients receiving GRA for FNF, reduced 
pain scores pre- vs. postoperatively as well as restored base-
line function were found [5]. In 36 patients treated with GRA 
mostly as a secondary procedure for a hip fracture, the mobil-
ity status for all patients had deteriorated compared with that 
before the fracture and 63% were immobile and unable to 
walk even with aids and assistance [3]. 

Regarding HA, Chammout et al. and Mouzopoulos et al. 
[19,20] reported functional outcomes (HHS; EQ-5D) that were 
slightly better than ours; however, in study groups with a pre-
sumably healthier case mix. 

In NOM for FNF patients, mobility has been shown to be 
rather poor, with most patients bedridden or only able to per-
form basic bed–chair mobilization [21-23]. Again, NOM may 
be a more relevant comparator. Studies reporting on pain after 
NOM have displayed heterogeneous results. While Moulton et 
al. [21] found a majority of patients to be pain-controlled with 
analgesia at hospital discharge, other studies have reported 
poorer pain control with NOM [24]. 

Limitations
First, this is a retrospective study with missing or incorrect 
data due to previous poor recordkeeping as well as misclas-
sification or information bias. Second, while we were able to 
match the 2 groups according to conventional comorbidity 
scores, we could not match them according to other crucial 
criteria that influenced the intervention. Among these, pre-
operative function would have been a desirable variable for 
matching, but it was not reliably documented and reproduc-
ible retrospectively. Furthermore, matching according to CRP 
values, the incidence of pressure sores, or active infections 
was also not achievable since these conditions had occurred 
very rarely in the HA group. This selection bias was a pos-
sible predictor for the poorer GRA outcomes. Of note, while 
age was a matching criterion, there was a large age variety in 
both groups (63–98) as prematurely aged patients with, e.g., 
neurological diseases resulting in a high degree of frailty were 
also included. 

Third, because many patients were very frail, had cognitive 
impairment, or had died before FU, their proxies were often 
left to respond to the questionnaires on the patients’ behalf, 
which could have led to recall bias. Preoperative function was 
often unknown and could not be reliably compared with the 
postoperative status. Fourth, patients neither regularly under-
went surgery within 24 hours at the time of this investigation, 
nor did they regularly receive targeted physiotherapy and geri-
atric co-management. These factors have been implemented 
recently and might have a significant influence on patient mor-
bidity and mortality and possibly also on decision-making. 

Strengths
This is the largest study on GRA exclusively as a primary 
treatment for FNF and the only study comparing the outcomes 

of GRA vs. HA in critically ill, elderly patients with FNF. Fur-
thermore, a rather homogeneous group of frail patients was 
reviewed, who were selected by specific matching criteria. 

When planning the treatment of a displaced FNF in a very 
frail patient, in particular in combination with a severe ongo-
ing infection, the surgeon might consider different treatment 
options. The first option is to perform HA while simultane-
ously treating the infection. It may be perceived as risky, but 
this option probably presents the best chance for patients to 
regain mobility. The second option is NOM, which can be 
justified in a palliative setting, when the patient is life-threat-
eningly ill, does not wish to prolong life, or declines surgery. 
Given correct implementation, pain levels can be kept low 
and functional results can be satisfactory [17,25]. However, as 
NOM is a palliative approach with a high short-term mortality, 
patients, their proxies, and healthcare professionals all need to 
be involved in the decision-making process. The third option 
is GRA, which might be considered in patients fit enough for 
surgery but with high risk of prosthesis-related complications. 
However, as shown by our results, the poor outcomes might 
speak in favor of other options even in these situations. From 
a clinical perspective, shared decision-making protocols can 
help to find the best individualized treatment for very frail 
FNF patients. 

Conclusion
Patients with HA after FNF had higher survival and better 
functional outcomes when compared with GRA in matched 
patient groups.

GRA has been considered as an alternative treatment 
method for FNF, especially in frail or immobile patients with 
a concomitant severe ongoing infection. However, our study 
results suggest that GRA is associated with higher short-term 
mortality as well as with poorer functional results when com-
pared with HA and should therefore be chosen restrictively as 
the primary treatment for FNF. However, due to the descrip-
tive nature of this study, our findings may have limited gen-
eralizability. 
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