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Background It is a commonly accepted practice for surgeons to obtain radio-
graphs following removal of orthopaedic implants. Several studies have demon-
strated the limited utility of routine post-operative imaging following various 
orthopaedic procedures. The purpose of this study was to evaluate orthopae-
dic patients who have undergone removal of hardware after lower extremity 
trauma to determine whether their expected post-operative course was altered 

based on the routine post-operative imaging they received.

METHodS Lower extremity removal of hardware procedures from 2008-2013 
at a level 1 trauma center were reviewed. Patients undergoing removal due to 
pain attributable to the implanted hardware were eligible, whereas patients un-
dergoing removal of hardware for any other reason were excluded. A total of 263 

patients underwent removal of hardware; 103 patients met the inclusion criteria.

rESuLTS Of the 103 eligible patients, post-operative radiographs did not alter 
the expected course for 103 (100%) patients. All patients in the cohort were fol-
lowed for a minimum of 6 weeks post-operatively, and typically re-examined at 

1 year from their index procedure.

concLuSIon The routine utilization of post-operative imaging after removal 
of hardware did not change patient management and may be unnecessary. To 
reduce unnecessary costs and radiation exposure, radiographs should not be 
obtained following routine removal of orthopaedic implants.

Lower extremity trauma often necessitates the insertion of metallic implants (i.e.“hard-
ware”) such as plates, screws, pins and rods for the reduction and stabilization of frac-
tures. Removal of hardware is extremely common and accounts for as much as 33% of all 
planned orthopaedic procedures.1 Given the frequency of this procedure, it is imperative 
that best practices are instituted.

Radiography is vital to the effective treatment of orthopaedic patients. However, radio-
logical images should offer some diagnostic or prognostic value. The routine post-surgical 
utilization of radiographs may not be warranted.

The rising cost of healthcare has placed the entire system under increased scrutiny. The 
use and costs of imaging services have increased twice the rate of all other health care tech-
nologies.2 Thus, the overuse of imaging is of particular concern.

Beyond cost, there is increasing concern regarding the exposure of patients to ionizing 
radiation. Medical imaging represents the largest source of ionizing radiation to the U.S. 
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population.3 Although the effects of low levels remain relatively 
uncertain, researchers assert that the risk of cancer4 and cardiovas-
cular disease5 are dose-dependent. Radiographs taken in the op-
erating room expose both patients and hospital staff to radiation. 
Thus, it is imperative that imaging studies be conducted only when 
clinically indicated to limit exposure. 

Furthermore, long office wait times continue to be a source of 
frustration for patients and their treating physicians. As a result, 
general patient satisfaction has been on a decline.6 Unwarranted im-
aging may contribute to this problem. In order to reduce wait times 
and increase patient satisfaction, it is imperative that all scheduled 
patients are receiving efficient care of the appropriate value.

Researchers have challenged the practice of ordering routine 
post-operative radiographs following various orthopaedic procedures 
including anterior lumbar interbody fusion,7 hip fracture fixation,8,9 
hallux valgus correction,10 and total knee arthroplasty.11 However, the 
number of studies conducted on post-operative imaging of ortho-
paedic trauma patients is limited. To our knowledge, no studies have 
assessed the utility of post-operative radiography following routine 
removal of hardware. Given how commonly removal of hardware is 
performed, it is vital that the best practice is determined.

At our institution, it is common practice to obtain radio-
graphs after hardware removal at the first follow-up appointment. 
The purpose of this study was to evaluate whether or not these 
post-operative radiographs alter treatment after uncomplicated 
removal of hardware. We hypothesized that routine post-opera-
tive radiographs do not change the expected course of patient care. 

PaTIEnTS & METHodS

Following approval from our institutional review board, all 
removal of hardware procedures between January 1, 2008 and 
January 1, 2013 were identified from a prospectively collect-
ed trauma database using Current Procedural Terminology 
(CPT) code 20680, denoting removal of a deep implant. Each 
case was retrospectively evaluated for study inclusion by chart 
review. Patients undergoing lower extremity hardware remov-
al due to pain attributable to the implant were eligible. Patients 
undergoing removal of hardware for any other reason were 
excluded. Specifically, patients undergoing hardware removal 
due to infection or due to the need for an additional procedure 
(i.e. nonunion) were excluded. 

Demographic and injury information were recorded for all 
subjects meeting study criteria, including age, gender, initial 
injury and treatment, and date of hardware removal, and the 
number of radiographs obtained following hardware removal. 
Intra-operative fluoroscopy was available if needed for all pro-
cedures although the use of intra- or post-operative imaging 
was at the discretion of the treating surgeon. 

Post-operative notes for these patients were reviewed to as-
sess changes, if any, to clinical care following post-operative 
radiographs. A change was defined as any alteration in the ex-
pected post-operative course or treatment plan. These changes 
included, but were not limited to, additional intra-operative 
or post-operative imaging ordered, additional surgical inter-
vention, changes in weight-bearing recommendations and/or 

changes in the intervals of follow-up appointments. Every pa-
tient was followed for a minimum of six weeks post-operative-
ly. Additional short-term follow-up visits were not required 
due to the nature of the surgery, although patients were typi-
cally re-examined at one year from their index procedure.

All fees charged for foot and ankle radiographs were as-
sessed and averaged, including radiology reading fees. The 
approximate charge for complete foot/ankle films, as report-
ed by our institution’s radiology department, was determined. 
The estimated charge takes into account both the charge of 
the institution’s technical resources to take a full-length foot 
and/or ankle film series and also the professional services for 
interpreting the x-rays .

rESuLTS

A total of 263 patients were investigated using the CPT code 
20680. Of the 263 patients undergoing hardware removal be-
tween January 1, 2008 and January 1, 2013, 160 (60.8%) of them 
did not meet the inclusion criteria: 146 (91.3%) were excluded 
due to infection, non-union, or concurrent procedures (fusion 
or debridement) and 14 (8.7%) patients did not have a follow-up 
x-ray within the 60-day period following removal of hardware. 
103 (39.2%) patients met the inclusion criteria (Figure 1) - 47 
(45.6%) patients were male.. Patient age ranged from 15 to 70 

FIGURE 1 Inclusion and Exclusion Criteria 

Screened Patients
(lower extremity removal of hardware)

(n = 263)

Included Patients
(removal of hardware due to pain)

(n = 103)

Excluded Patients
(n = 160)

Infection
Nonunion

Concurrent procedure
(fusion, debridement, etc.)

(n = 146)

No follow-up radiographs
(n = 14)

Demonstrates the number of patients included and ex-
cluded and the reasons for exclusion.
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al in this manner. Perhaps the easy accessibility of obtaining ra-
diographs, as opposed to legitimate clinical benefits, is what makes 
it such a common practice.  Certainly, should complications oc-
cur after a surgery, a well-documented visual record of what was 
done is beneficial. If litigation ensues, a post-operative radiograph 
can elucidate the alignment of bones following hardware remov-
al. Despite this potential benefit, the success of lower extremity 
hardware removal is primarily indicated by clinical assessment, 
unlike many other orthopaedic procedures where radiographic 
appearance is the main indication of the outcome. Thus, the value 
of these radiographs could be limited. 

For our study cohort, which consisted of patients who had 
hardware removed from their lower extremity, we did not find a 
single case where a post-operative radiograph led to a change in 
clinical care for the patient. No musculoskeletal radiographic ab-
normalities other than the known healing/healed fractures were 
found in any of the 103 eligible patients, yielding no change to 
planned post-operative management. Thus, the data suggest that 
routine radiographs following hardware removal may be an un-
necessary burden that should be limited to certain situations. Ex-
amples may include re-injury or presentation with pain that is out 
of proportion to expected levels for the postoperative course. 

Our findings are consistent with others who have assessed the 
necessity of routine post-operative radiographs after various or-
thopaedic procedures. Miniaci-Coxhead et al. examined the utility 
and quality of formal post-operative radiographs following ankle 
fracture fixation and found that these radiographs did not contrib-
ute to patient care.12 Simpson et al. attained similar results when 
studying post-operative images following anterior lumbar inter-
body fusion.7 These same results have also been determined when 
post-operative radiographs were reviewed following supracondy-
lar humerus fractures,13 hip fractures,8,9 osteotomies for hallux val-
gus,10 and shoulder arthroplasty.14

The rising cost of healthcare has prompted constant scrutiny to-
wards management and efficiency. At our institution, the average 
charge for a three view ankle series is approximately $300 including 
the professional and technicial fees. The average charge for a three 
view foot series is approximately $315. Although these charges are 
not entirely representative of the collective cost of radiology due to 
the financial offset by insurance, the cost associated with unnecessary 
imaging is extraneous. Considering the high frequency of removal of 
hardware procedures,1 the cost savings from eliminating unnecessary 
postoperative radiographs could have a large financial impact. 

There is also concern regarding exposure to ionizing radiation 
during radiographs. The FDA has strongly advised clinicians to or-
der tests that will answer medical questions and/or modify patient 
care.15 Eliminating unnecessary radiographs may decrease expo-
sure to ionizing radiation, which has been linked to cardiovascular 
disease5 and other health issues. That said, while appendicular ra-
diographs do involve core radiation exposure, the risk is negligible 
(i.e. less than one in one million lifetime risk of an adverse event 
per radiograph) as described by Hendrick et al. These exams pro-
vide an estimated dose of 0.005 mSv with a calculated lifetime risk 
of cancer/lifetime adverse event at one in five million.16 Despite 
this negligible risk of an adverse event, it is nonetheless a concern 
to patients and should be considered by the ordering physician. 

years, with a median age of 43. Ankle fractures were the most 
common injury (44 patients, 42.7%), followed by pilon fractures 
(28 patients, 27.2%) (Table 1). 

For all 103 patients (100%), the radiographs following hard-
ware removal did not alter the pre-existing treatment plan, as as-
sessed in the minimum 6-week follow up period. 

The charge of a three-view ankle series was approximately $300, 
while the charge of a three-view foot series was approximately $315.  

dIScuSSIon

Radiographic imaging following orthopaedic procedures, es-
pecially removal of hardware from lower extremities, is a routine 
practice that has not been well-studied and is not supported by 
current evidence. Although post-operative radiographs allow the 
surgeon to assess bone alignment and healing in the absence of 
hardware, the value of this information remains to be elucidated 
for routine cases when the indication is simply pain. 

Historically, medical legal factors have driven the common 
practice of obtaining post-operative radiographs. The radiopaque 
nature of bones and hardware allows for simple post-operative 
documentation in the form of radiographs. Consequently, it has 
become common practice to assess orthopaedic hardware remov-

Variable

gender, n (%)

Male 45 (45.6)

Female 53 (54.4)

Total 103 (100)

age, yrs

Mean 43

Range 15-70

Fracture patterns, n (%)

Ankle fracture 44 (42.7)

Pilon fracture 28 (27.2)

Lisfranc injury 7 (6.8)

Tibial plateau shift 7 (6.8)

Tibial shaft fracture 5 (4.6)

Talus fracture 3 (2.9)

Cuboid fracture 2 (1.9)

Calcaneous fracture 2 (1.9)

Supercodylar femur with inter-
condylar extension fracture 2 (1.9)

Distal tibia fracture 1 (0.97)

Great toe fracture 1 (0.97)

Second toe fracture 1 (0.97)

Patient demographics and rate of fracture 
type for all subjects meeting study criteria

TABLE 1
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Previous studies have found an inverse correlation between of-
fice wait times and patient satisfaction.6 In order to reduce wait 
times and increase patient satisfaction, it is essential that maxi-
mum efficiency and throughput is attained. The current practice 
of obtaining radiographs following hardware removal is subjecting 
patients to unnecessary radiographs creating longer wait times. 
Thus, a more thoughtful approach in obtaining post-operative ra-
diographs when clinically indicated will be a positive step towards 
reducing wait times and increasing efficiency.

The main limitation of this study is the retrospective methodol-
ogy used. Though clinical and operative notes were recorded and 
analyzed, the only way to accurately assess changes in treatment 
plan would be to conduct the study prospectively. Furthermore, 
because the database utilized for the purposes of this study was an 
orthopaedic trauma database, all patients in this study had trau-
ma-related injuries. Although we feel the results of this study are 
applicable to any patient with symptomatic hardware, they were 
not evaluated in this study. Furthermore, our cost analysis did not 
assess the costs offset by insurance, and was thus only an approxi-
mation of the cost associated with the foot/ankle radiographs.

concLuSIon

 In conclusion, routine post-operative radiographs after re-
moval of hardware secondary to pain in a cohort of patients sus-
taining lower extremity trauma did not alter clinical course. By 
limiting the practice of obtaining these radiographs, practitioners 
can eliminate extraneous imaging, decrease radiation exposure, 
decrease costs, and save time.
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