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Abstract: Ernest Amory Codman (1869—-1940)
was an American surgeon, reformer, and visionary
whose work marked the beginnings of systematic
quality measurement in medicine. The first part of this
paper traces his life and career: his education at Har-
vard Medical School, his work at Massachusetts Gen-
eral Hospital, his conflicts with colleagues over his in-
sistence on public reporting of outcomes, his founding
of a private hospital, and the establishment of the Bone
Sarcoma Registry—one of the first disease-specific
registries in history.

The second part of the paper analyzes his philoso-
phy of the “End Result System” through a comparative
table in which its core principles—patient monitoring,
complication tracking, transparency, continuous im-
provement, and accountability—are compared with
their modern equivalents, such as outcome indicators,
national registries, public reporting systems, quality
improvement (QI) methodologies, and health informa-
tion systems.

The paper concludes that Codman’s work rep-
resents both the biographical story of a persistent re-
former and a conceptual foundation for modern quali-
ty measurement systems in healthcare.

Keywords: quality of health care, quality im-
provement, evidence-based practice, hospitals.

Ernest Amory Codman and his idea
of the “End Result System”

The National Academy of Medicine of the Unit-
ed States of America defines the quality of healthcare
as the extent to which healthcare services increase the
likelihood of good outcomes and reduce the likelihood
of harm for patients (1). The World Health Organiza-
tion also frequently cites this definition of quality in its
documents (1).
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In modern public health practice, quality implies
not only technical efficiency and professional compe-
tence, but also the structure of the system, the process-
es that are applied, and the outcomes that are achieved.
In this context, Ernest Amory Codman stands out as
one of the first to systematically insist on measuring
treatment outcomes, analyzing errors, and making
them publicly available.

Ernest Amory Codman was born into a Puritan
family on December 30, 1869, in Boston, Massachu-
setts, USA. He entered Harvard College in 1887, grad-
uating with honors four years later. He then enrolled
at Harvard Medical School, where he met and became
friends with Harvey Cushing, the future eminent neu-
rosurgeon (2). Codman graduated in medicine in 1895
and immediately began working in the Department of
Surgery at Massachusetts General Hospital (MGH).

He was the author of the first English-language
textbook on X-ray photography techniques. In Serbian
medical literature, he is best known for the “Codman
sign,” seen in rapidly growing bone tumors and other
aggressive bone lesions (3). On an X-ray, this sign ap-
pears as a triangular shadow between the bone cortex
and the elevated periosteum.

Codman also made a significant contribution to
shoulder surgery. In 1931, he described “chondroblas-
toma,” a rare benign bone tumor later referred to as the
“Codman tumor” (4). He also introduced Codman’s
exercises—a set of movements for passive mobiliza-
tion of the shoulder joint (5). These exercises involve
the patient standing with the torso bent forward, while
the affected arm hangs freely and moves gently back
and forth or in circular motions, like a pendulum,
without activating the shoulder girdle muscles. They
remain integral to many rehabilitation protocols, espe-
cially in the United States.
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At the time of Codman’s work, no organized sys-
tem for monitoring healthcare quality existed. Physi-
cians and hospitals were not required to record treat-
ment outcomes, much less analyze or publicly disclose
them. Codman recognized that such a lack of account-
ability deprived patients of clear information regard-
ing the safety and effectiveness of their treatment,
while depriving healthcare professionals of feedback
necessary for improvement.

He believed that systematic outcome measure-
ment would identify best practices and eliminate “the
lazy and ill-trained surgeons of your community, even
though they hold high places” (6). He openly criti-
cized nepotism and the practice of promotion based on
seniority rather than merit, arguing that such systems
perpetuated poor medical practice and turned it into
dogma.

Through his revolutionary concept of the “End
Result System,” Codman proposed that “[E]very hos-
pital should follow every patient it treats long enough
to determine whether or not the treatment has been
successful,” and then ask, “If not, why not?” (6). In
essence, this meant:

* every patient deserves to know the final result of
their treatment,

* every doctor should be willing to present their
results to the public, and

* hospitals should be evaluated by the success of
their treatments.

In practice, Codman used “End Result Cards,”
measuring 12.5 x 20 cm, on which physicians record-
ed symptoms, initial diagnosis, treatment plan, com-
plications, final diagnosis, and overall outcome—suc-
cess or failure. He followed patients for at least a year
after intervention. Codman publicly presented data on
his deceased patients—141 cases—during his 15 years
at MGH.

Codman was an uncompromising advocate of
quality measurement, critical both of others and of
himself. He called quality his “monomania” (7). In
one report, after a failed operation, he candidly wrote:

“I made an error of skill of the most gross charac-
ter and even failed to recognize that I had made it.” (6)

Although Codman’s ideas are now widely accept-
ed, they were highly controversial in his day. Many
physicians felt that tracking errors undermined the
profession’s reputation and violated patients’ trust.
As a result, Codman was isolated and forced to leave
MGH. Codman resigned from his job at MGH in 1911
to open his own hospital. He and his staff were able
to track the status of every patient by implementing
the “End Result System” in his own hospital, with be-
tween ten and twelve beds, demonstrating a commit-
ment to the principle of accountability. Between 1911

and 1916, Codman recorded data on 337 patients at
his own hospital and 123 “errors” or deficiencies in
treatment (8). Determined to spread the word, Cod-
man printed the results of two years of follow-up at his
hospital— a rate of one complication for every three
patients— and sent them to hospitals across the United
States. In return, he asked for their complication rates.
No one responded.

In his hospital, he further elaborated on the causes
of adverse outcomes, classifying them into categories:
“C” for accidents or causes beyond the operator’s con-
trol; “P” for causes related to the patient and the pa-
tient’s disease or unavoidable consequences of the dis-
ease; and “E” for error or preventable accident (9). He
focused further on E errors, which he believed could
be due to a lack of technical knowledge, skill, or sur-
gical judgment, or diagnostic acumen on the surgeon’s
part. Errors due to equipment deficiencies were listed
as institutional errors. This classification and accounts
of his cases were published by Codman in his revolu-
tionary study A Study in Hospital Efficiency, a book
small in scope but of revolutionary contribution (8).

The real shock came in 1915 at a meeting of the
Suffolk County Surgical Society (6). After a few lec-
tures, Codman, as the section president, stepped onto
the podium and revealed a cartoon he had commis-
sioned. At the centre of the cartoon was an ostrich
with its head buried in sand, surrounded by dozens of
golden eggs it had laid. It represented the local surgi-
cal patients who, without the outcome-monitoring sys-
tem he advocated, had enriched the MGH in blissful
ignorance. It was the height of Codman’s frustration.
The drawing also featured the MGH board of direc-
tors, asking if they would stop laying golden eggs if
they published “the truth about their patients.” Those
present could not believe their eyes. Codman had been
considered a weirdo before, but the establishment
couldn’t get over the sting of such a slap in the face.
Codman was asked to resign as president of the group.
Doctors reduced the number of patients sent to his hos-
pital, resulting in a nearly 40% drop in revenue over
the next year.

Excommunicated by his former colleagues, he
turned to other activities. He led Boston’s medical re-
lief teams in establishing an emergency surgical hos-
pital that treated thousands of injured people after a
catastrophic explosion when two ships collided in Hal-
ifax Harbor, killing and seriously injuring thousands of
residents of the Canadian city. The makeshift hospital
used “End Result Cards” for each patient. With the
United States’ entry into World War I, Codman became
the senior surgeon for the defence of Delaware Harbor,
spending much of his time dealing with influenza epi-
demics in his jurisdiction. The “End Result Hospital”
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had fallen into disrepair in his absence. After the war
ended, he returned to his closed hospital “in debt, un-
able to borrow, and somewhat disillusioned with the
possibility of changing the ways of human nature” (3).
Finally, the hospital had closed by June 1919.

Codman was not reinstated at MGH 14 years after
his departure. He spent the postwar years developing
the first disease registry. In one of his hundred papers,
Codman described a method for tracking patients with
criteria for reporting and the necessary information
(10). He began his bone sarcoma registry in 1920 with
a gift of $1,000 from a patient’s family. Codman later
received a grant from the American College of Sur-
geons (ACS). His first collaborators in analysing the
data were pathologist James Ewing and surgeon Joseph
Bloodgood (11). Codman, however, was not as success-
ful in promoting it among his colleagues (12). Over the
next six years, he collected data on only seventeen cas-
es of sarcoma from other members of the association,
which at that time had 7,000 members. The monograph
resulting from the analysis of cases in the registry is the
first attempt to standardize and disseminate the classifi-
cation and nomenclature of a particular disease and the
first estimate of the incidence of malignant diseases.

Direct results arising from the work on the reg-
istry are: longer follow-up of treated patients and cal-
culation of multi-year survival rates; standardization
of certain services (analysis of pathological material,
radiographic diagnostics, etc.); promotion of national
clinical research on a larger population through joint
work of experts from different parts of the country;
and creation of modern orthopaedics by linking pa-
thology, radiology, and surgery.

Codman devoted the rest of his life to writing his
autobiography, The Shoulder (13). For decades, this
book was the textbook of shoulder orthopaedics in
the United States. He continued to publish his results
publicly each year, to the chagrin of his fellow sur-
geons who “spent their lives in the practice of the art of
medicine rather than in that of the science, and, being
financially successful, are able to influence the trustees
of hospitals against analysis of the results; (and) com-
parison of achievements would be, to them, as odious
as a comparison of incomes” (14).

The Shoulder was a textbook of the highest order,
but for Codman it was a farewell letter for what he
considered his most significant contribution to medi-
cine. He prophetically pointed out that new generations
would see the significance of the “End Result” ap-
proach, which “Harvard would claim as a jewel in her
crown” (7). He suffered the fate of Ignaz Semmelweis
(15). He died in 1940 of melanoma, in extreme poverty.
He was buried in an unmarked grave, begging his wife
to spend her savings on something more useful (16).

Main components and elements
of Codman’s idea with examples
of modern implementation

Codman is one of the founders of the ACS, where
he was the first head of the Department for Standard-
ization (17). The Hospital Accreditation Program was
developed in 1918 by this department, which later led
to the creation of the Joint Commission on Accredi-
tation of Healthcare Organizations (JCAHO). It was
only after Codman’s death that the idea of “quality
care* became popular. Only under public pressure did
JCAHO accept the need to study clinical outcomes
as part of measuring the quality of care in the 1980s
(18).

Implementation was challenging, however. Phy-
sicians and hospitals were reluctant to document
clinical outcomes, citing various problems, including
medico-legal, technical, or a lack of time (19)—ex-
cuses that are still used today. Under increasing pres-
sure, JCAHO compromised by offering an alternative
method that measured “quality” through “structure”
and “process” (9). When it became apparent that poor
clinical outcomes still occurred even when adequate
“structures” (the existence of trained personnel and
modern medical devices) and appropriate “processes”
(clinical protocols, properly maintained medical re-
cords, etc.) were in place, advocates of the quality of
care movement continued to fight.

Resistance from doctors and hospitals was so
strong that the U.S. Congress eventually had to inter-
vene, creating the Agency for Health Care Policy and
Research (AHCPR) in 1989, whose primary mission
was to conduct outcomes research and disseminate
the results. The Agency’s classification of medical er-
rors is very similar to Codman’s original classification
(20). The establishment of this Agency was a triumph
for Codman at the national level.

The Joint Commission established the Ernest A.
Codman Award for using outcome measures to im-
prove the quality and safety of patient care (21). The
ACS website contains an online tool for estimating the
likelihood of an unfavourable outcome (such as com-
plications or death) after surgery, using information
that the patient provides to the health care provider
about their previous health history (22). Today, MGH
has the Edward P. Lawrence Centre for Quality and
Safety, which has been working since 2008 to improve
the culture of quality at MGH and among members of
the Massachusetts General Practitioners Association
(23). With donations from the ACS, JCAHO, MGH,
the Association of Shoulder and Elbow Surgeons, and
an individual donor, a bust with his image in bas-relief
was erected in 2014 (3).
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Donabedian’s quality model (structure—process—
outcome) also builds on Codman’s ideas (7). Most
countries now have patient safety programs that re-
quire hospitals to track and report medical errors.
These programs include the work of special teams
composed of hospital management, administrative,
and medical staff—exactly the type of interdiscipli-
nary collaboration Codman advocated. Codman’s sys-
tematic collection of data on bone sarcoma initiated
the creation of disease-specific registries, allowing
for outcome tracking in specific conditions. Whether
good or bad, reporting on actual health outcomes is
now a common practice in most developed healthcare
systems. Codman’s vision of quality in healthcare
consisted of several key elements later developed in-

to modern equivalents. Some of those equivalents are
summarized in Table 1.

Europe has lagged behind the USA in adopting the
quality philosophy. The same applies to present-day
Serbia, where monitoring the quality of health care
officially began in 2004, when the Ministry of Health
published a document titled I/nstruction on Monitor-
ing the Quality of Work in Healthcare Institutions as
part of the program Monitoring the Quality of Work in
Healthcare Institutions in the Republic of Serbia (24).
In this regard, the Agency for Accreditation of Health-
care Institutions of Serbia and the Accreditation Body
of Serbia were established. Unfortunately, studies on
the effectiveness of accreditation on final outcomes are
scarce, and the results published so far are contradicto-

Table 1. Key elements of Codman's philosophy and their modern equivalents in healthcare quality

Element

What does it mean in practical
terms?

Modern equivalents/correlations

Patient follow-up

Monitor the patient after treatment to
see if there has been a complete recov-
ery and healing without complications
or disability.

Outcome measures: recurrence, func-
tionality, quality of life, mortality; dis-
ease registries; satisfaction with health-
care; clinical follow-up in RCTs and
cohort studies.

and transparency

to know the errors, and to compare sur-
geons and hospitals.

Failure/complication Codman recorded all cases where treat- | Morbidity and complications rate as
records ment did not achieve the desired result | standards in surgical reports; confer-
and tried to determine why. ences on morbidity & mortality; root-

cause analysis; clinical audit.
Objectivity He wanted the results to be available, | Informed patient consent; public re-

porting of outcomes; licensing;(hospi-
tal) accreditation system; transparent
recruitment of staff; national registries;
online platforms with hospital compari-
sons; various lists of “best” hospitals at
the national or global level

Efficiency; functional differentiation of
hospitals, quality improvement (QI);
PDCA / PDSA cycles; lean, six sigma
NSQIP; patient safety programs; treat-
ment process indicators (e.g. time to
intervention, average length of hospital-
ization); healthcare worker satisfaction;
hospital action plans; evidence-based
medicine; continuing medical educa-
tion; anaesthesia information manage-
ment system (AIMS); quality manage-
ment (QM)

Continuous After identifying errors or failures, anal-

improvement yse why and implement improvement
measures.

Accountability Doctors and hospitals should be held ac-

countable for treatment outcomes; their
work should be evaluated and criticized
when unsuccessful.

Regulatory agencies; health care con-
tracting; peer review; quality-based
payment systems;case-mix, diagnosti-
cally related groups
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ry (25). After several decades, the chambers of health-
care professionals were renewed (24). The challenges
present in Codman’s time still exist in today’s Serbia,
a century after the publication of A Study in Hospital
Efficiency.

CONCLUSION

Ernest Amory Codman is one of the most signifi-
cant figures in the history of modern medicine, whose
vision far exceeded his time. His books hold the same
importance for modern medicine as the Corpus Hip-
pocraticum. His End Result System concept was the
first systematic attempt to introduce the measurement
of treatment outcomes as the foundation for improving
quality and accountability in health care and medicine.

Although his ideas initially met with strong re-
sistance, today they represent the foundation on which
hospital accreditation programs, national and inter-
national disease registries, public outcome reporting
systems, and patient safety initiatives are based. His
work remains a powerful reminder that transparency,
outcome monitoring, and continuous quality improve-
ment are essential for the progress of medicine.

Modern quality measurement systems in health
care cannot be understood without insight into Cod-
man’s philosophy, making him a pioneer and a turning
point in the development of health quality improve-
ment.

Sazetak
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ZIVOT I NASLEDPE ERNESTA AMORIJA KODMANA:
PIONIRA ISHODA I PRETECE MODERNIH SISTEMA MERENJA KVALITETA
U SISTEMU ZDRAVSTVENE ZASTITE

Medarevic Aleksandar

Nezavisni istraziva¢, Beograd, Srbija

Ernest Amori Kodman (1869—1940) bio je ame-
ricki hirurg, reformator i vizionar ¢iji je rad oznacio
pocetak sistematskog merenja kvaliteta u medicini.
Prvi deo rada prati njegov Zivotni put: njegovo obra-
zovanje na Medicinskom fakultetu Harvard, njegov
rad u OpStoj bolnici Masacusets, njegove sukobe sa
kolegama zbog insistiranja na javnom izvestavanju
o ishodima, osnivanje sopstvene bolnice i razvoj Re-
gistra sarkoma kostiju kao prvog registra specifi¢ne
bolesti. Drugi deo rada analizira njegovu filozofiju
»Sistema krajnjih rezultata® kroz uporednu tabelu u
kojoj se osnovni principi (pracenje pacijenata, evi-

dencija komplikacija, transparentnost, kontinuirano
poboljsanje 1 odgovornost) uporeduju sa savreme-
nim ekvivalentima, kao $to su indikatori ishoda,
nacionalni registri, sistemi javnog izveStavanja, me-
todologije poboljsanja kvaliteta i informacioni siste-
mi. U radu se zakljucuje da je Kodmanovo delo i
biografska pri¢a o upornom reformatoru i analitic-
ka osnova za moderne sisteme kvaliteta u sistemu
zdravstve zastite.

Kljucne reci: kvalitet zdravstvene zastite, unapre-
denje kvaliteta, praksa zasnovana na dokazima, bol-
nice.
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