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Minimally-Invasive versus Conventional Repair of 
Spondylolysis in Athletes: A Review of Outcomes 

and Return to Play  
John Paul G. Kolcun, Lee Onn Chieng, Karthik Madhavan, Michael Y. Wang

Department of Neurological Surgery and The Miami Project to Cure Paralysis, University of Miami Miller School of Medicine, Miami, FL, USA

Spondylolysis from pars fracture is a common injury among young athletes, which can limit activity and cause chronic back pain. 
While current literature has examined the relative benefits of surgical and conservative management of these injuries, no study has 
yet compared outcomes between conventional direct repair of pars defects and modern minimally invasive procedures. The goals of 
surgery are pain resolution, return to play at previous levels of activity, and a shorter course of recovery. In this review, the authors 
have attempted to quantify any differences in outcome between patients treated with conventional or minimally invasive techniques. 
A literature search was performed of the PubMed database for relevant articles, excluding articles describing conservative manage-
ment, traumatic injury, or high-grade spondylolisthesis. Articles included for review involved young athletes treated for symptomatic 
spondylolysis with either conventional or minimally invasive surgery. Two independent reviewers conducted the literature search and 
judged articles for inclusion. All studies were classified according to the North American Spine Society standards. Of the 116 results 
of our initial search, 16 articles were included with a total of 150 patients. Due to a paucity of operative details in older studies 
and inconsistencies in both clinical methods and reporting among most articles, little quantitative analysis was possible. However, 
patients in the minimally invasive group did have significantly higher rates of pain resolution (p<0.001). Short recovery times were 
also noted in this group. Both groups experienced low complication rates, and the majority of patients returned to previous levels of 
activity. Surgical repair of spondylolysis in young athletes is a safe and practical therapy. Current literature suggests that while con-
ventional repair remains effective, minimally invasive procedures better clinical outcomes. We await further data to conduct a more 
thorough quantitative analysis of these techniques.
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Introduction

Spondylolysis—a fracture of the pars interarticularis—is 
a common injury in young patients, and is often associ-
ated with spondylolisthesis. Typically, the rostral vertebral 
body gradually translates over the inferior body with 

minimal resistance from the posterior column. In younger 
patients, especially athletes, it is seen at the L5 level and is 
typically bilateral [1]. 

Historically, the incidence of spondylolysis has been 
reported as 6% in the general population [2], although 
newer studies utilizing computed tomography (CT) tech-
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nology have reported higher rates, as much as 11.5% [3] 
In young athletes, pars injuries occur with a much greater 
incidence, reported at anywhere from 23%–63% [4,5]. 
Athletes at greatest risk engage in high-impact sports or 
activities that involve repetitive hyperextension, flexion, 
and rotation. There is some evidence for a hereditary 
predisposition to spondylolysis, such as a tendency for 
thin, more readily fractured vertebral bone, or an isolated 
weakness or thinning of the pars itself [6,7]. These frac-
tures are also observed twice as frequently in men com-
pared to women [2,5,8].

Surgical repair of symptomatic spondylolysis is clas-
sically indicated after 6 months of failed conservative 
management, with persistent pain and non-union at 9–12 
months [9,10]. Surgical decompression and fusion may 
also be indicated in symptomatic cases with neurologic 
deficit or radiculopathy.

While previous literature has compared the conserva-
tive and surgical management of spondylolysis [11], no 
study to date has analyzed differences in conventional 
direct repair (CDR) and minimally invasive surgery (MIS) 
techniques. This study will seek to compare outcomes be-
tween these approaches; in particular, the impact of MIS 
repair on return to play for athletes otherwise limited in 
their activity due to symptomatic fractures. 

Materials and Methods

1. Study selection	

With strict adherence to preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) guidelines, 
a literature search was conducted of the PubMed database 
for articles relating to surgical repair of fractures to the 
pars interarticularis in athletes. Keywords included “pars 
interarticularis fracture” or “pars repair” or “spondylolysis 
repair,” alone and in combination with phrases such as 
“athletes,” “minimally invasive” or “MIS,” and “direct re-
pair.” 

Results were limited to English language literature and 
human subjects. Case reports and case series detailing 
surgical intervention for symptomatic spondylosis in ath-
letes were included. Studies describing conservative man-
agement, treatment of injuries due to trauma, and patients 
with high-grade spondylolisthesis (greater than Meyerd-
ing Grade I) were excluded. Two reviewers performed the 
database search and reviewed each article for inclusion/
exclusion. The quality of evidence for each article was de-
termined according to the standards of the North Ameri-
can Spine Society [12]. The last search was performed in 
April 2016. 

Table 1. Studies included

Study Technique Type of study Level of evidence

Noggle et al., 2008 [14] MIS Case series Level III

Gillis et al., 2015 [13] MIS Case series Level III

Zhu et al., 2015 [20] MIS Case series Level III

Takata et al., 2014 [21] MIS Case series Level III

Sairyo et al., 2003 [29] MIS Case series Level III

Widi et al., 2013 [19] MIS Case series Level III

Brennan et al., 2008 [22] MIS Case report Level III

Mohi Eldin, 2012 [23] MIS Case report Level III

Reitman et al., 2002 [17] CDR Case series Level III

Nozawa et al., 2003 [15] CDR Case series Level III

Rajasekaran et al., 2011 [16] CDR Case series Level III

Snyde et al., 2014 [27] CDR Retrospective Level III

Lundin et al., 2003 [25] CDR Retrospective Level III

Ranawat et al., 2002 [26] CDR Retrospective Level III

Gillet et al., 1999 [24] CDR Retrospective Level III

Menga et al., 2014 [28] CDR Prospective Level III

MIS, minimally invasive surgery; CDR, conventional direct repair.
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2. Data extraction and analysis

Studies were first separated into MIS or CDR technique 
groups. Each study was analyzed for patient population, 
methods, outcomes, and complications. Various clinical 
metrics employed by different studies and other criteria 
were compared to assess differences in outcomes between 
MIS or CDR interventions.

Results 

1. Search procedure

Our initial PubMed search yielded 143 results. After 
screening, 16 articles were included in this study, com-
prising 9 case series [13-21], 2 case reports [22,23], 4 ret-
rospective studies [24-27], and 1 prospective study [28], 
with a total of 150 patients (Tables 1, 2). 8 of these articles 
describe MIS therapy in 46 patients [13,14,18-23]. The 
remaining 8 articles describe CDR techniques in 104 pa-
tients [15-17,24-28] (Figs. 1, 2).

2. Baseline characteristics

1) MIS
Of the 46 patients treated with MIS techniques, 72% were 
male (of 36 reported) and the average age was 32.9 years. 
Athletes in this group participated in professional and col-
lege football, professional hockey, and high school sports 
including track and volleyball (Table 3).

2) CDR
Of the 104 patients treated with CDR techniques, 57% 
were male (of 75 reported) and the average age was 23.1 
years. Athletes in this group participated in college gym-
nastics, baseball, and soccer, professional cricket, and 
amateur running, swimming, and golf. This group also in-
cluded manual laborers, such as butchers, bricklayers, and 
fishmongers (Table 4).

3. Presenting symptoms & radiological findings

1) MIS
The majority of patients presented with back pain. Other 
symptoms included leg pain and radiculopathy. Most pa-
tients had no spondylolisthesis, and those who did were 
all Meyerding Grade I (n=13, 28%). Vertebral level was re-
ported in 47 injuries. While the majority of fractures were 

Table 2. Overall patient demographics

Cohorts  No. of patients Sex ratio (male:female, reported) Mean patients age (yr)

Minimally invasive surgery 46 26:10 32.9

Conventional direct repair 104 43:32 19.7

Total 150 69:42 23.1

143 Records identified through PubMed database search

16 Full-text articles assessed for eligibility

16 Studies included in qualitative synthesis 

16 Records screened
· No duplicates
·127 Records excluded with reason:
  1) Editorial, commentary, review, technical note
  2) Non-athletic population
  3) Non-surgical therapy

Fig. 1. Search procedure.

Fig. 2. Studies included.
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at the L5 level (n=39, 83%), injuries were also treated at L4 
(n=6, 13%) and L3 (n=2, 9%). Most injuries were bilateral 
(n=41, 89%) (Tables 5, 6).

2) CDR
Most patients presented with back pain. Other symptoms 
included leg or thigh pain, radiculopathy, and difficulty 
walking. The vast majority of patients had no spondylolis-

thesis, and those who did were all Meyerding Grade I (n=6, 
5.8%). Vertebral level was reported in 83 injuries. While 
the majority of fractures were at the L5 level (n=69, 83%), 
injuries were also treated at L4 (n=9, 11%), L3 (n=4, 5%), 
and L6 (n=1, 1.2%). Most injuries were bilateral (n=52, 
80%) (Table 7).

Table 4. Demographics, conventional direct repair studies

Study No. of patients Sex ratio (male:female) Mean patients age (yr)

Snyder et al., 2014 [27] 16  NA 16

Lundin et al., 2003 [25] 5   1:4 16.2

Rajasekaran et al., 2011 [16] 9   6:3 24

Ranawat, 2003 [26] 9  NA 21.7

Menga et al., 2014 [28] 31 14:17 16

Reitman et al., 2002 [17] 4  NA 17.8

Nozawa et al., 2003 [15] 20 14:6 23.7

Gillet et al., 1999 [24] 10   8:2 26

NA, not applicable.

Table 5. Overall clinical findings

Presenting symptoms Vertebral level Side of injury

Minimally invasive surgery

Back pain, leg pain, radiculopathy L3–2
L4–6
L5–39

Unilateral–5
Bilateral–41

Conventional direct repair

Back pain, leg pain L3–4
L4–9
L5–73
L6–1

Unilateral–13
Bilateral–57

Table 3. Demographics, minimally invasive surgery studies

Study No. of patients Sex ratio (male:female) Mean patients age (yr)

Brennan et al., 2008 [22] 1 1:0 17

Noggle et al., 2008 [14] 5 4:1 15.8

Gillis et al., 2015 [13] 7 NA  NA

Zhu et al., 2015 [20] 11 7:4 28.4

Mohi Eldin, 2012 [23] 2 2:0 27

Takata et al., 2014 [21] 10 8:2 33.2

Sairyo et al., 2003 [29] 7 4:3 60.9

Widi et al., 2013 [19] 3 NA 20.7

NA, not applicable.
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4. Surgical techniques

The majority of patients in both groups were treated by 
Buck’s procedure or MIS/endoscopic modifications of 
Buck’s procedure. In the CDR group, approximately 71% 
of patients were treated with Buck’s procedure. Other 
techniques were also listed in Tables 8 and 9.

1) MIS
Of the 8 studies, most employed a MIS modification of 
Buck’s procedure (n=5, 62.5%). In a typical percutaneous 
adaptation of Buck’s technique, the patient is positioned 
prone, and the target pars defect is localized by fluoros-
copy. A needle is introduced to the adjacent lamina, and 
a guide-wire is next drilled through the injured pars with 
X-ray guidance. The trajectory is sequentially dilated, 

Table 6. Clinical findings, minimally invasive surgery studies

 Study Presenting symptoms Vertebral level Side of injury Spondylolisthesis

Brennan et al., 2008 [22] Pain L5 Bilateral NA

Noggle et al., 2008 [14] Pain L5–5 Bilateral–5 NA

Gillis et al., 2015 [13] Back pain, leg complaints L3–2
L5–5 

Bilateral–7 NA

Zhu et al., 2015 [20] Back pain L4–2
L5–9 

Bilateral–11 Meyerding I–1 patients

Mohi Eldin, 2012 [23] Back pain, leg pain L4–1
L5–1 

Bilateral–2 Meyerding I–1 patients

Takata et al., 2014 [21] Back pain, leg pain L5–10 Bilateral–10 Meyerding I–8 patients

Sairyo et al., 2003 [29] Low back pain, radiculopathy L4+L5–1
L5–6 

Unilateral–5
Bilateral–2 

Meyerding I–3 patients

Widi et al., 2013 [19] Back pain L4–2
L5–1 

Bilateral–3 NA

NA, not applicable. 

Table 7. Clinical findings, conventional direct repair studies

  Study Presenting symptoms Vertebral level Side of injury Spondylolisthesis

Snyder et al., 2014 [27] Back pain, Radiculopathy L3–2
L4–3
L5–11

Unilateral–3
Bilateral–13 

NA

Lundin et al., 2003 [25] Back pain, Thigh pain L5–5 Bilateral–5 Meyerding I–2 patients

Rajasekaran et al., 2011 [16] Low back pain NA Unilateral–2 
Bilateral–7

Meyerding I–2 patients

Ranawat et al., 2003 [26] Back pain NA  Unilateral–4
Bilateral–5 

NA

Menga et al., 2014 [28] Low back pain L3–2
L4–3
L5–25
L6–1

Unilateral–4 
Bilateral–27

Meyerding I–2 patients

Reitman et al., 2002 [17] Back pain, leg pain L5–4 NA NA

Nozawa et al., 2003 [15] Back pain, leg pain, difficulty walking L4–1 
L5–18
L4+L5–1 

NA NA

Gillet et al., 1999 [24] Low back pain, thigh pain L4–1
L5–9

NA NA

NA, not applicable.  
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and the defect tapped and drilled before introduction of 
the pars screw. Two studies employed endoscopic proce-
dures, including modifications of Buck’s procedure with 
pedicle screws and the Foley and Smith approach. The 
mean reported operative time was 176.5 minutes (range, 
116.4–277.7 minutes). The mean reported blood loss was 
112.4 mL (range, 20–278.7 mL). The mean reported hos-
pital stay was 1.67 days (Table 8).

2) CDR
The most common technique was Buck’s procedure (n=6, 
75%). Only Rajasekaran et al. reported operative time, 
with a mean of 58 minutes (range, 45–75 minutes). 2 stud-
ies reported blood loss: Lundin et al. reported a mean loss 
of 146 mL (ragne, 100–200 mL), and Rajasekaran et al. 
reported a mean loss of 98 mL (range, 50–140 mL). Only 
Lundin et al. reported postoperative hospital stay, with a 
mean length of 3.2 days (Table 9).

5. Clinical outcomes

1) MIS
Three studies employed the visual analogue scale (VAS) 
to assess pre- and postoperative symptoms: Gillis et al. 
reported a reduction of 3 and 1.5 points for back and 
leg pain respectively, Zhu et al. reported a decrease from 
7.1±2.3 to 1.8±0.4 (p=0.01), and Takata et al. reported a 
mean decrease from 7.6 to 2.5 for back pain and 3.4 to 2.0 
for leg pain. Takata et al. also utilized the Japanese Or-
thopedic Association (JOA) functional score, reporting a 
mean increase from 15.8 to 26.4. Gillis et al. used the short 
form survey (SF)-36 physical and mental components 
(PCS and MSC, respectively) to assess patients’ subjective 
outcome, reporting improvements of 12.2 and 2.9 for the 
PCS and MCS, respectively. Mohi Eldin reported Oswes-
try disability index (ODI) reductions in both patients, by 
53% and 55%, respectively. 

All patients had good clinical outcomes with resolution 
of pain. Our pooled analysis of patients’ postoperative 

Table 8. Technique, minimally invasive surgery studies

Study Surgical technique Operative time 
(min, mean)

Blood loss 
(mL, mean) Complications

Brennan et al., 2008 [22] Modified Buck’s NA <20 None

Noggle et al., 2008 [14] Pedicle screws, rods, laminar hooks 116.4   37 None

Gillis et al., 2015 [13] Dinesys cable system 127 <50 Medial breech, Pseudoarthrosis

Zhu et al., 2015 [20] Modified Buck’s 147.6   54.9 None

Mohi Eldin, 2012 [23] Modified Buck’s 125   50 None

Takata et al., 2014 [21] Endoscopic modified Buck’s 277.7 278.7 None

Sairyo et al., 2003 [29] Endoscopic Foley & Smith 184.3 NA None

Widi et al., 2013 [19] Modified Buck’s NA NA None

Table 9. Technique, conventional direct repair studies

 Study Surgical technique Complications

Snyder et al., 2014 [27] Buck’s Wound infection–2, Pseudarthrosis, Radiculopathy

Lundin et al., 2003 [25] Buck’s None

Rajasekaran et al., 2011 [16] Buck’s None

Ranawat et al., 2002 [26] Buck’s Drill break

Menga et al., 2014 [28] Buck’s Wound infection, Screw fracture–2

Reitman et al., 2002 [17] Buck’s None

Nozawa et al., 2003 [15] Scott’s Wire break–2, Wire pull

Gillet et al., 1999 [24] Pedicle screws, V-shaped rod None
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pain resolution found a significantly higher rate of com-
plete resolution among patients treated with MIS tech-
niques (p=0.001). Unfortunately, inconsistency in clinical 
metrics and reporting between studies precludes further 
quantitative outcomes analysis.

Five studies reported length of hospital stay, with a 
mean length of 1.67 days (range, 1–3 days). All athletes 
returned to their previous level of activity with the excep-
tion of two patients treated by Gillis et al. One patient 
underwent surgery for fusion at the same level as his pars 
repair 4 years postoperatively, at which time a broken 
Dynesys cable was noted. Another patient developed 
pseudoarthrosis with a recurrence of preoperative symp-
toms 18 months after surgery, after which CT scan dem-
onstrated incomplete fusion across the pars. The average 
time for successful return to sport among athletes was 2.7 
months (range, 0.75–6.0 months).

Four studies reported radiologic assessment of fusion. 
Fusion was achieved in all patients but one treated by 
Gillis et al. (described above). On average, patients were 
followed postoperatively for 12.7 months (range, 6–23 
months) (Table 10).

2) CDR
Menga et al. employed the VAS to assess pre- and post-
operative symptoms, reporting a decrease from a mean 
score of 7 preoperatively (range, 1–10) to 2 postoperative 
(range, 0–10). The 25 athletes treated had a postoperative 
mean score of 1 (range, 0–4). Nozawa et al. used the JOA 
functional score, reporting a mean preoperative score of 
21.2±3.9 (range, 13–26) and a mean postoperative score 
of 27.7±1.0 (range, 26–29). Finally, Gillet et al. used the 
Prolo Economic Status score to assess postoperative out-
comes. Postoperatively, patients had an average economic 
score of 4.0 (2–5) and an average functional score of 4.0 
(range, 2–5), with a combined average of 8.0 (range, 4–10). 
The majority of patients reported a resolution of pain 
(n=78, 75%). Of the remaining patients, over half had 
some improvement (n=20, 19%), while some had no post-
operative change (n=4, 3.9%). 

Only Lundin et al. reported postoperative length of hos-
pital stay, with a mean stay of 3.2 days (range, 3–4 days). 
All patients returned to their previous level of activity but 
three: Rajasekaran et al. reported one patient with persis-
tent back pain in whom MRI suggested disc degeneration. 
Gillet et al. reported two patients whose poor surgical 
outcome prevented return to previous activity. Three stud-Ta
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ies reported the length of time before patients returned to 
sport, with a mean of 5.6 months (range, 4–6 months).

Six studies reported postoperative radiographic out-
comes. Of these, all patients had confirmed fusion except 
for one patient treated by Snyder et al. had two pars de-
fects, one of which did not fuse successfully. On average, 
patients were followed postoperatively for 44.8 months 
(range, 9–135 months) (Table 11). 
6. Complications

1) MIS
Only two complications were reported, both in patients 
treated by Gillis et al. As described above, one patient de-
veloped pseudoarthrosis and experienced a recurrence of 
symptoms at 18 months postoperatively. Another patient 
experienced postoperative radiculopathy due to a medial 
breech, requiring screw revision (Table 8).

2) CDR
Eleven complications were reported. Snyder et al. report-
ed two patients who developed postoperative superficial 
wound infections, which were treated with no effect on 
recovery. Two patients required revision surgery: one for 
pseudarthrosis and the other for radiculopathy, both of 
which developed postoperatively. Ranawat et al. reported 
one case of a perioperative drill break, which required 
removal during surgery. Menga et al. reported one patient 
with a postoperative superficial skin infection which was 
treated successfully without impact on recovery, and two 
patients with screw fractures: one was asymptomatic and 
found incidentally, the other was symptomatic (VAS=10). 
Finally, Nozawa et al. reported one patient in which a 
wire was displaced 2 weeks postoperatively and required 
repair with a pedicle screw, and two patients with asymp-
tomatic postoperative wire breakage at 30 and 32 months 
respectively. As fusion had occurred by this point, neither 
patient required repair or revision (Table 9).

Discussion

In 1970, Buck [30] described a method of spondylolysis 
correction by which screws are placed directly through the 
fractured pars and ipsilateral lamina. The goal of this pro-
cedure was to repair the pars defect so as to prevent the 
development of spondylolisthesis, the treatment of which 
had a relatively low success rate. His technique remains 
popular, and has formed the basis of CDR approaches to Ta
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pars defects. Today, growing interest in MIS neurosurgery 
has led to the development of MIS modifications of Buck’s 
procedure for the internal fixation of pars defects. 

Direct repair is not, however, the only strategy avail-
able to treat these injuries. Transforaminal endoscopic 
microdiscectomy was performed in a 31-year-old patient 
with foraminal stenosis and symptomatic pain radiating 
to his legs. This patient had minimal spondylolisthesis 
and stable flexion/extension X-ray images [31]. Postop-
eratively, the patient experienced a complete resolution of 
his symptomatic pain. This technique—as with the MIS 
techniques reviewed here—may be particularly applicable 
in patients who do not require fusion. Kakiuchi [32] has 
reported spondylolysis repair by fixation with pedicle 
screws and laminar hooks in 16 patients, 13 of whom had 
complete pain resolution, while the remaining 3 complain 
of only occasional postoperative back pain. These patients 
had an average age of 32 years (range, 12–60 years).

Of the patients included in this review, those undergo-
ing MIS repair experienced significantly greater resolu-
tion of symptomatic pain. While disparities in reporting 
and metrics between various studies precludes a more 
rigorous statistical analysis, the MIS patient population 
in this study is more than 10 years older on average than 
the CDR population. This may reflect the general benefits 
of MIS surgery: less surgical stress (e.g., tissue destruc-
tion, blood loss), which allows expansion of the candidate 
population to older patients. We therefore argue for the 
application of MIS techniques in pars repair, as this ap-
proach offers greater treatment of symptoms in a wider 
range of patients.

The ultimate goal of pars repair—beyond resolution of 
pain—is the return to play of an injured athlete at preop-
erative levels. Current literature suggests a postoperative 
delay of anywhere from 6–12 months before a patient who 
has undergone pars repair can return to play [10,11,33]. 
The studies included in this review did not consistently 
report return to play. Many of those that did failed to 
specify the timeframe involved. However, 3 MIS stud-
ies did report return to play times of 1.4 months [14], 3 
months [19], and even 3 weeks [18]. These outcomes may 
suggest that the trauma of surgery itself delays an athlete’s 
return to play after pars repair, and that MIS techniques 
therefore afford the patient a more rapid return to previ-
ous activity levels.

This review does face limitations. The small number 
of patients involved prevents broad generalization of our 

conclusions. As mentioned, the studies included were 
rarely consistent in clinical metrics used or reported, pre-
venting a thorough quantitative statistical analysis. These 
studies were predominately case series, and therefore the 
patients involved were not randomized, but selected for 
their various treatments with bias. In CDR, there were 
many complications that may not related to magnitude of 
surgery but related to hardware failure. This could reflect 
an artifact of the literature, as our report includes approxi-
mately twice as many CDR patients as MIS. There may 
also be some characteristic of the techniques or hardware 
employed by CDR/MIS techniques influencing hardware 
failure, but due to the disparity of variables reported by 
these studies we cannot conduct meaningful analysis. 

Conclusions
 
The direct repair of spondylolysis is an effective therapy 
for athletes in whom conservative management has failed. 
As new MIS techniques are developed and reported, a 
growing body of evidence suggests that these approaches 
may offer patients higher resolution of symptomatic pain 
and a swifter recovery with return to play when compared 
to traditional CDR techniques. More numerous and thor-
ough data are required to conduct a quantitative analysis 
and draw firm conclusions.
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